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10:30 AM Laser Cooling: 1
Carl E. Wit'lllóln, 1,';1/1 Im:/;III/I' fllr
LIII','r.II,Ir.v .-1::1rl'l'h!/~ks, Prcsider

10:30 AM Invited paper
QTHH1 Advances in laser cooling of
alom. '

C,~"I (11lK1N J P..\IIl1t\IUl, \\" n, pí 111,·
LlI'S, 'A. CLAIRl)N, S, l;UELLATl, L.

~IOL~BERG. PRBOGNM.!2: Eco~e N,IJLlllale .
Superieure, "fUC!!~. 24 rue Lho-
mond, F-75231 Pari!! CEDEX 05. France.

Af' 500n as the Doppler coolíng limit W.1S

broken in 3-D optical molasses.I>' it was
realized that polarization gradient cool-
ing4,5 would yield temperatures approach-
ing thl' one-photon recoil energy, The cor-
responding temperature~

h2e
mk8

i5 onlv O,2/,K for cesium atoms 1.15f'rcooled
on lhe l'! lil\l', Ih'H' w,' I'fl'8t'nl our at-
tempts 10 approach this limit.

Using a time-of-Ilight (TOF) technique
(the atorns fali in lhe earth gravity field), we
~t't frorn lhe wídth of the TOr pcak lhe
initial velocítv dístrtbution in the molasses
(Fig. 1). At present, our lowest measured
temperature is

T - 5 I'K~~ :~:

To our kn,'wledge. Ihi8 is lhe coldt'st gas
ever observed.

In Fig, 2. we present the variation of the
molasses temperature vs the para meter a -
la"t'r inh'n"ilrtla",'r ,t.'lunill~. Thi!' varia-
ti\lll i~lint'&\roy,-r .., "'i"',' r.1I1~~ ,,( li, ln 8"" ...•
agreemea;'t with theorelical predictions .•
Let us mention that we have been able to
oll~erve molas!ôe~ for dt'tunings as large as
twt'llt\··(jvt' natural widlhs.

A d~tailed comparison with tht' theory as
well as possible uses for these ultracold ce-
sium atoms are presented. .
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T••,me"k, NJ. 1989).
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11:00AM
QTHH2 Direct observation of lhe Dop-
pleron resonances in the force on a neutral
atom in an opUcal standing wave

N. P. BIGELOW, M. G. PRENTlSS. AT&T
8ell Laboratoríes, Crawfords Córner Rd.,
Holmdel, NJ 07733.

Theorettca! extenslons of 1...III\U·8In',II-
ment! of a two-level atom in an intense
optical standing wave revealed a series of
multiphoton processes which have been
named Dopplerons.ê The effects of Dop-
pleron resonanees have been observed on
the inlernal coordinates of CH3F atoms in a
8••11 cdl.)

PhYNk,\lly. i1l1/I·ph"llIll Dopph-ron can
lll' ínterpreted ilS Ih" absorptlon lI( " pho-
tons Irorn one Iraveling wavt' component oC
the standing wave and the stimulated emis-
sion of (11- 1) photons into the other coun-
terpropagating traveling wave component.
The net average change in momentum of
11l<' ,11"1\\is (211 - J )"~. where A'iMtlll' lIIil.~lli·
tude of the WílVI!vector \l[ each trnvellng
wave. In this picture the Doppleron reso-
nance occurs for a detuning 11- (211- I)ku.

. where u is the velocity 01 lhe atom. The
-, Dopplerons can thereby give rise to a series

of sharp resonance peaks in the force as a
iunction of velocity tot an atom in the
standing wave lield. An important conclu-
sion is that the resulting acceleration (and
hence force) can be orders of magnitude
larger than purely sponlaneous [orces be-
cause of the large momentum change of the
multiphoton processo

In our experiments we study the efieet of
Doppleron resonances on the velocity of
sodium allll\\~ In iI nearly r,'sull,1I\1 uplit',11
slílnding wave. Wt' observe a number o[
peaks in thevelocity distribution which we
attribute to slowing and cooling due to the
Doppleron resonances, These results con-
stitutc the Cil'51direct observatlon of the
effect of Dopplerons 011the externa] coordi-
nates of an atom. As predicted by a more
rígorous continued fraction analysis, we
obst'tve that the position oC these reso-
l1i1nc(Osdoe!! not occur at exaclly 11 - 1Ik/,.

possibly due to the Stark !!hifts aS80cialed
with the two traveling waves.·

For a more detailed comparison between
the experimental data and theory. we per-
(ornw,1 nUl\wrÍC'al lIimulaliollll bill'K'd on a
Clllllilluetl (ril,·tl"I\\ I'xpalllllul\ oCIh,' Cor..:l'.
Our data are in good agreement with nu-
merical results. The lits o[ the velocity dis-
tributlon eorrespond to a peak aeeeleralíon,
which is a fador of 100 larger Ihan the peak
spontaneous acceleration of •.•..IIY'm/s2.

These experiments were performed us-
ing a standing wave laser field deluned by
an amount 11below the 3251/2 - 32Pl/2 sodi-
um transition (5890 Á). We present data
for 11ranging from -1.0 to -2.7 GHz. The
standíng wave intensity was 200 mW in a
beam waist of -200 ~m. Sodium atoms
were loaded into the standing wave [rom a
thl'rmal sodium source at a temperature of
-200·C.
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11:15 AM
QTII1I3 Oirecl measurement of alomie
velocily distribution in oplical molasses

M. ZHU. JOHN L. HALL. Joint Instttute for
I.al •••ralnry AHlrlll'hysic". Illluldl'r, ('()
IIUJU'J-(J4411.

Since the first optical molasses! came out,
the temperature of the atomic vapor in lhe
optical rnolasses, which was determined by
measuring lhe lime of i1ight (TOF). was
found to be well below the Dopplercooling
limit,2 which is based on lhe assurnptio n
Ihal a Riny,h' Irequcncy 1,Isl'r interacts with
Ih,' IWII-l'l1l'rl:y-h'vl,J ••hm,,,. TIl\' m-w 11l!'-
ory' propOSI'!>lha I lloi!JIower ternperature is
due to the nonadiabatic molion of lhe atoms
with Zeeman sublevels in the optical field
with polarization gradients. A bimodal
speed distribution in optical molasses was
also "il!lt'rved.4

UHln~ 2115·1\111UV Iihhl. w hich l'''III'''I'I~i
the 325 ground state to the 52P state in thc
sodium atom, we can measure directly lhe
velocity distribulion Inside lhe optical mo-'
lasses without lhe limitations of lhe TOF
method, The resolutlon o( our measure-
ment is 13 cta]», which is Iirnited by lhe
450-kHz naturallinewidlh of lhe 52P state.

In our experimental setup. a JILA r;nr;
dye laser is used for both cooling and lhe
optical molasses, The Irequency of the dyl'
Iaser is Iocked on an lodine Ilne with a irc·
quency 0[[51'1 supplied by an AOM 50 rhat
the deluning of the optical molasses can be
changed readily. The UV source Corveloc-
Ity I'rnhilll: includ"II,' •."1",,,· ••1 (,'19 <ly" I.,·
ser .lIld nOlllilll'.lf cry!ll••1 {lIr SI /(;. TI••: I rr--
quency of lhe dye laser is locked on a reter-
ence cavity using the externa! frequency
stabilizer 10 reduce lhe Iinewidth 10 I H7..~
A Iunable lIi,lt'bilnd frl'l)ul'ncy y,cner,llI'd by
a Iravelíng wave. broadband EOM iR uscu
with a FM saturation spectrometer to lock
the resonance frequency of the reference
cavity to a nearby transition of iodíne mole·
cules with controllabll~ Crf'queney of(Sl'1.
This IlIcking sc1'I'JnI' pruViUf!R bolh loro;:
term frequency slability and frequcney lun-
ability. An ADA eryslal inside a buildup
cavity for the fundamental [requency gives
morf' than 10 mW oi UV light aI 2115nm.

TI", lal•••rcoo"·d ""diu •••"Iumll, wloicl.arc
prepared by the frcquency ehirping meth·
od, drift into the optical molasses region
with a final velocity of -40 m/s. These
slow atoms are cauJ;ht by the oplical molas-
ses and dcceleraled furlher Ihere. ACIl't
loading the molasses the cooling beam is
turned of{ first. The beams for moI asses
are turned ofi with a preset time delay.
Then a UV AOM turns on the UV probing
beam [or the measurement. To reduee lhe
background seattering Iight, lhe pholomul-
tiplier tube counts the [Iuorescence pho-
tons at 616 nm, which originate [rom the
525 to 32P dl'cay channel.

A R,'t o( pr"'iminary d;,la iAHnnwn in Fir,.
I. which invlllv,'" li", Ir••nsiliun frum r - 2
in the ground stale 325,,2 to the excited slale
52P1/1' The two peaks in the figure are due
to the hyperfine struelure in the excited
8tate. The syslematir. meilsurl'ment is in
proce!ôs, and ihe latest re8ults are reporled.
1. S. Chu, L. Hollberg. J. Bjorkholm. A. Ca-

ble. and A. Ashkin, Phys. Rev. Lelt. 55,
48 (1985).
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Q1"1-I1I1 ri~. I. Ultracold cesiurn atorns
in "!,tie,,l rno lasses. Time-of-Il ig ht fluores-
ce nce signal of cesium atoms falling off
from optical molasses, The morasses laser
bearns are 8.2 mm in diameter. The laser
d,>tunin" is -3\', and the laser intensity is
\l ~ 1\1IV /\"I\1);u ",1\"11 arm. AI I - O, ,llllas,'r
t"',lIUS ,n,' tur ncd 1111 l'''''l'pl ,I hurizunt.il
probe bearn located 70 mm below lhe mo-
la551:'5reg íon. The probe bearn is apertured
to 2 mrn in Iwighl X 6 rnm in width. The
mean ar rival time is 120 ms, Assuming an
;niti,ll dist ribut ion of atorns spatially uni-
Iorrn in lhe morasses and eomparing the
width of the TOF peak at various heights
(0.1.0.3,0.5.0.7) with a theoretical TOF spec-
trurn (nlllllhl'rs in !'ólrt'nlheses) ~ive lhe av-
er.l~\S 'luih.lr ..tt i•..- vl"ll"ll-ity Pfln~ in ~hl·ululas-
ses. I'""••• I.H em /5 and corresponds to a
ternperature T = (lI kH)mv~m. = 5 J.lK~i·.~.
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QTHHI Fig.2. Molasses temperature vs pararneter a (square of
lhe Rabi Ireque ncy divided by l/H> luaer dctuning). 'l'h« f(abi (TI'-

queucy is proportiouul 10 lhe M/uar€' root of 110,' I••s,'( pow,'r and is
equal 10 lhe natural width 1'(2". X 5.3 MHz) for a Iaser mte nsi ty of
2.25 mW Icm2 (Clebsche-Cordan eoefficient of I). The laser inten-
sity varies between O and 2.75 mWlem2 in each armo The laser
deturung vari •.•s between -I' ano -141'. The tcmpcrntur-- Í!; d,,·
.Iu,-,'d (ro m 11"''1'01' 1"'''1.. (u l] w irtt h ,,11.;,)('/1101.111111111. C,,,,lr;lrY I••
1'1". I, wv I.I!.." lu-n- lor Ni'lIl'lklly •• h-lull~tiul\ lor 10,,11,11,,' illili.d
position dislribution of atoms in lhe moi asses and the prube bearn
height. At very small temperatures (T .$ 10 J.lK), the position
distribulion becomes non-neglrgjble in lhe TOF peak width, and
conscquouuy lhe plottcd ternperatur •.•is an upper limit 10 lhe actual
ternperature.
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QTHH3 Fig. 1. Fluoresce nce signal of
lhe velocity distribution in optieal moi asses
with UV probing. The rneasured 2.9-MHz
UV linewidth (FWHM) shows that lhe rrns
v..t" •.itv is:l2 cnv] », Thi ••••I"''' i ri •.R,·I ••r daI ••
W,IS I.,J,."I\ wheu Ih,' dct uu í ug \I( li,,· ""li •.••1
moi asses was -25 MHz, and lhe intcnsity
in each beam of the optieal molasses was
~10 mW/em2•
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