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COHERENT CONTROL OF QUANTUM JUMPS IN AN OPTICAL LATTICE
BY A WEAK AXIAL MAGNETIC FIELD
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As anextensionto our earlierwork we studyhow a weakaxial magneticfield appliedalong
the axis of an optical lattice can coherentlycontrol the photonstatisticsof a trappedcold
metastableHelium atoms.

PACS: 42.50p, 42.55Vc, 32.80Pj,32.80-t

1 Intr oduction

Recentspectacular advances in lasercooling andtrapping providesan opportunity to explore
thefluorescent light emittedby a singleconfinedatomicion. This light is expectedto contain
informationaboutthequantum natureof thesingle-atom source.Whenthesourceis athree-level
atom,with thefluorescenceoriginating from two separatetransitions,a quantum jump between
two levelscanhave an immediatedetectable effect on theprobability of photon emissionfrom
theothertransition[1-6].Theoreticalanalysishavedemonstratedthattheresonancefluorescence
of threelevel systemin thepresenceof two laserfieldsundercertainconditions,mayexhibit light
anddarkperiods[7-11]. Duringthedarkperiod theatomis predominantlyin themetastablestate
(electron shelving). A primarycondition for sucha situationto occuris that oneof the lasers
should have sufficiently smallRabi frequency ascomparedto theother. Theswitchingoff and
onof thefluorescencewouldbea direct manifestationof theinstantaneousquantumjumpof the
atombetweentheweaklycoupledstateandthedrivenstate.HegerfedtandPlenio[12] showed
the presenceof a narrow peakin the spectrum of resonance fluorescence, the origin of which
could betracedbackto electronshelving. Recently, we investigatedtheeffect of atomicmotion
andanaxial magneticfield on the spectrumof resonancefluorescenceof a

�
He atomin the

�
configuration in an optical lattice [13]. We found that polarization gradient induceselectron
shelving at selectedpointson the optical lattice. In particularlocalization of theatominhibits
electron shelvingbut canberecoveredin thepresenceof anaxial magnetic field. We alsofound
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Fig. 1. The Zeemansublevels of � He andthe relevant Clebsch-Gordancoefficients. Sincethe �����
	��
transitionis forbidden,all atomsarepumpedinto 	� and 	�� after few flourescencecycles. Thesetwo
levelsarecoupled only to � � , anda closedthree-level � configurationis realized.

that themagnetic field significantlybroadensthenarrow peakspectrum.A similar broadening
effect in resonance fluorescence spectrum dueto magneticfield wasobserved experimentally
in Rubidium atomsin an optical Molasses[14]. In this paperas an extension to our earlier
work, we studythe intensitycorrelationfunction ����������� , waiting time distribution ����������� and
therateconstantswhich determine thestatisticaldistribution for thedarkandbright periods in
the fluorescent emissionas a function of atomicmotion and the strengthof the appliedaxial
magnetic field. We applya generalformalismdevelopedby Nienhuis[10] for theseparationof
rapidandslow time scalesin linearevolution equations to threestateatomswith a strongand
a weakradiative transition. The startingpoint for the above studywould be the optical Bloch
equations(OBE).

2 The optical Bloch equations

Fig. 1 shows a
�

atomicsystemdrivenby two counterpropagating orthogonal plane-polarized
laserfieldswith thesamefrequency ��� . For theexperimentswith

�
He, �! arethetwo Zeeman

sublevels "$#&% 1 of the 2' S( stateand e) is the "$#+* Zeemansublevel of 2' P( . The
light shiftsof theZeemansublevelsarepositiondependent,sincethecouplings(C.G.couplings)
varywith polarization.Thesuperpositionof thetwo counterpropagatingorthogonally-polarized
planewavesgivesrise to a standingwave for which the polarization is spacedependent.The
polarizationis alternatively circular ,.- in /0#1* , linearin /0#32 /8, circular ,54 in /0#32 /4 etc.,
with a spatialperiodicity 2 /2. This polarizationgradient leadsto a periodicspatialmodulation
of the degenerateground stateZeemansublevels, which actsasa potential for the motion of
theatomiccentreof mass.An axial magneticfield providesthenecessarycoupling betweenthe
two degenerategroundstatesevenfor atomswith a nonzeromomentum.TheSisyphus cooling
mechanismof Fig. 2 trapsthe atom in the laser induced optical potential well only for blue
detuning. For reddetuning theatomgetsheatedandis expelledoutof theopticalpotential.The
timeevolution of theatomicdensitymatrix 6 , in theSchrodingerpicture,obeys7 67 � #98

:;<>=�?@BA 6DCFEG� 7 67 � �IH�JLK (1)

Herethetotal HamiltonianH consistsof anatomicHamiltonianH M , a laser– atominterac-
tion HamiltonianH �LM = 8ONPRQ NS , where NP is theelectricdipole moment operator, andthepositive
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Fig. 2. One-dimensional optical potentialinduced by interferencebetweenoppositely travelling blue de-
tunedorthogonally polarizedplanewaves.

frequency partof theelectricfield NS propagatingalongthez-axisisTS 4 ��U A ���V# SW X TY 4�Z\[L] ��^_UD�5E TY -`]�acb ��^dUD� (2)

with
TYfe #hg�� T i�j % : T iDk ��l W X , where

T Y 4 and
TY - arethepolarization unit vectors,a term

@nm
corresponding to theshift in theenergy dueto anappliedaxial magneticfield o , and �qpsrput �IH�J is
thedamping termby spontaneousemissionprocesses.@ m #v�!w m o���x � 4 y�z � 4 x!8Gx � - y{z � - x�� A (3)

� is thegyromagnetic ratio for the2 ' S( state,w�| is theBohrmagneton = - 9.2741 } 10 -D~ � J/T.
(d6 /dt) ��� is thedampingdueto spontaneousemission.Thetime evolution of theatomicdensity
matrix 6��c��������# z ,��c�5����� y (where ,��c����*F��#�x : y�z�� x ) is governedby thequantum Bloch equations
arisingfrom Eq. (1). The fastoscillationswith the optical frequency ��� canbe eliminatedby
taking�

6���������������#16_������������� A
�
6d���F���������V#R6d������������� A

�
6d��������������#v6d�����{���c��� A�

6 � � � �q� tc� �����V#R6d������ `������\�D����8 : � � ��� A
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� b_ �6����F���¡E
�
6��������¢E

�
6d��������#0£K

TheopticalBlochequations are:¤�6 � � � � �����¥# :§¦ X = Z�[§] ��^dUD���
�
6d�������¢8

�
6������\���f8 ]�acb ��^_UD���

�
6d�������V8

�
6�����������C

8 X ��¨ � � � �BEB¨ � � � ���
�
6 � � � � A¤�6 ������� �����¥# : ¦ X Z�[§] �©^dUD���

�
6 � � � ��8

�
6 � � � ���5E X ¨ � � � �

�
6 � � � � A¤�6 � � � � �����¥# :§¦ X ]{aªb �©^dUD���

�
6_�{�F����8

�
6d�����{����E X ¨«���F�{�

�
6d������� A¤�6 ������� �����¥# :§¦ X = ]{aªb �©^dUD�

�
6 � � � ��8 Z\[L] ��^_U��

�
6 � � � �5C�8 X :�¬

�
6 � � � � A¤�6 � � � � �����¥# : ��®E¯�V°¡E ¬ �

�
6d���©���BE :§¦ X = Z�[L] �©^dUD���

�
6d�������V8

�
6��������.�58 ]�acb ��^dUD�

�
6d���F���5C

8 ¨ � � � �
�
6 � � � � A¤�6 ���F��� �����¥# 8 : ��>E¯� ° 8 ¬ �

�
6 � � � ��8 : ¦ X = ]�acb ��^_U����

�
6 � � � ��8

�
6 � � � ���f8 Z�[L] �©^dUD�

�
6 � � � �5C

8 ¨ � � � �
�
6 � � � � A (4)

where¦ is theRabifrequency,  is thedetuning, �`°±# ;< ^L~!l X " is therecoil frequency shift and¬ #²��^³�ls"+E¢��o´w | /
;<
) is theDoppler shift associatedwith thevelocity ³Flu" in absenceof the

axialmagnetic field. When
¬¶µ#·* theenergiesof x � - y and x � 4 y differ by 2

¬
.

3 Separation of time scalesand photon ststistics

Thesetof Bloch equations maybeviewedasthesingleevolution equation purput #¶¸�6������ with an
evolution operature ¸ that is definedby the right-handsideof equations (4). This operature ¸
is time independent. We needto find anapproximateevolution equationby usingthe fact that
thetransition x i�¹ y�º»z � 4 x is very weak,which means that Z\[L] ~���^_UD�V¼ ]�acb ~ ��^_UD� and̈q½ 4 ½ 4 ¼¨�½ - ½ - . This conditionmakesthe , - polarizedfield, which drivesthe x i§¹ y¾º¿z � 4 x transition
weakascomparedto the , 4 polarizedfield, which drivesthe x i§¹ y�ºÀz � - x transition. Hencex i�¹ y�ºÁz � 4 x becomesthemetastabletransitionandduringthis time theatomis predominantly
in themetastablestate(electronshelving). Darkperiods (absenceof resonancefluorescence)is a
signatureof electronshelving. ThisoccursatpointsnearU¾#vÂV2 /4, i.e.,wherethepolarizationis
either ,_4 or ,�- sincehereonly oneof thetransitionis morefavoured. FromexperimentalviewUÃ#ÄÂ.2Fl\Å arethepointscorresponding to bottomof thepotential well wheretheatomstendto
accumulateoncetheirkineticenergy is sufficiently small.Henceit is natural to treat]{aªb ~ ��^_UD� as
beinglinearin somesmallexpansionparameter, andto assumë ½ 4 ½ 4 is of secondorderin this
parameteŗ . Therefore,we formally write

¸·#Æ¸qÇ�E·¸ ( E·¸ ~ A (5)

where ¸ ~ is defined by thetermson theright-handsideof Eqs.(4) with ¨ ½ 4 ½ 4 , whereaş́ ( is
defined by thetermswith cos~���^_UD� . Theremaining terms,i.e., ¨ ½ - ½ - , sin~���^_U�� , ��sÈ�% ¬ ) define
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thezerothorder operator ¸ Ç . In usingthis separation of theevolution operator in rapidandslow
partsto derivesimplifiedexpressionsfor ‘ ������� ’ and‘ ������� ’, we follow Nienhuis [10]. Theinitial
state ���É#h*F� of the atomis assumedto be x � - y . Sincethe time scalesdefinedby ¸ Ç arevery
shortcomparedwith thetime scalesof ¸Ê( and ¸ ~ , therapidevolution defined by ¸ Ç drives the
atomto a steadystatew.r.t ¸ Ç , before ¸®( andL ~ have a chanceto contributeappreciably to the
evolution. Consequently, the steadystatedensitymatrix

;6 for �BËÌ¨ - (� � � � is simply a matrix
within thetwo-dimensionsubspacespannedby x � - y and x i\¹ y . This means thattheexcitedstate
population is the steadystatedensitymatrix of a driven two-level atom,with matrix element
determinedby.;6 � ~ ��\�Í�\� # Î��£´E X Î �

A
(6)

with

Î # ¦ ~ ]�acb ~ �©^dUD�Å = ��ÏdÐ � Ð �~ � ~ EG�� È 8 ¬ � ~ C K
On a time scalelongcomparedto ¨Ê- (� � � � , theevolutionoperators ¸`( , ¸ ~ andtheparameter¬

startto contribute to theevolution of theatomby causinga slow transferof probability from
brightnessto darknessandvice versa. This canbe represented by the following two coupled
linearevolutionequation for theparameters Â®Ñ������ andÂ�Ò������7 Â�Ó������7 � #3Ô - Â p �c���58±Ô 4 Â Ó ������#98

7 Â p �����7 � A
(7)

whereÂqÑ is theprobability for theatomto bein thebright period,andÂÊÒ to bein thedarkperiod
then Â�ÑÉEvÂ�Ò±#Õ£ , whereÂqÑÄ#h6 �©Ös�©Ö ER6 � � � � and Â�Ò±#h6 � � � � . With the initial conditionsÂ Ñ ��*F�×#Ø£ and Â Ò ��*F�¾#Ù* , the two parametersÂ Ñ ����� and Â Ò ����� determine the densitymatrix
for �nÚÛ¨®- (�����{� . For a finite

¬
andfor �nÜÛ¨`- (���F��� , the elementsof the densitymatrix arethe

populationsappropriateto a threelevel
�

systemwith theconditions Z\[L] ~ ��^_UD��¼ ]�acb ~ ��^_U�� and¨�½ 4 ½ 4 ¼Ý¨�½ - ½ - . Theexpressionfor thesteadyexcitedstateof thethreelevel atomis:

;6 � ' �� � � � # £uÞ ¬ ~ ¦ ~ ]{aªb ~ ��^_U��¦ � 8Ä£uÞ ¬ �� È 8 ¬ � ¦ ~ Z\[L] ~ ��^dUD�5EBß X ¬ ~ � ¦ ~ ]{aªb ~ ��^_U��fE X ¨ ~ ������� E X �� È 8 ¬ � ~ � K (8)

Theaboverateequation is atwo valuedMarkov process,or therandom telegraph signal.The
coefficient Ô - is theswitchingratefromastateof theatomwith nofluorescence,to thestatewith
thefluorescenceswitchedon, and Ô 4 theswitchingratefor the reverseprocess. Thequantum
jumpapproachallows oneto calculatethemeanlengthof thedarkandbrightperiod. Thesetwo
quantities completely determine the statisticalpropertiesof the light emittedby a singleatom.
The averagedurationof the dark period is à p #Ý£�lLÔ - andaccording to the rateEq. (7), the
averagedurationof thebright period is à Ó #�£�lLÔ 4 . We find for a cold

�
He atomin anoptical

latticetheexpressions for Ô 4 and Ô - as

Ô - # ß X ¬ ~�¨ � � � � ¦ ~ Z�[§] ~D��^_U��ÞLÅ ¬ ~ ¨ ~ � � � � EG� ¦ ~ ]�acb ~ ��^_UD�fE¡á ¬ �© È E ¬ ��� ~
A

(9)
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Ô 4 # ¦ � ]�acb � �©^dUD�ß X ¬ ~ � ¦ ~ ]�acb ~ ��^dUD�fE X �� È 8 ¬ � ~ E X ¨ ~ � � � � � Ô - K (10)

Thebasicquantity which monitors thecorrelation betweentwo photonsemittedby anatom
with a time separation“ � ” is the intensitycorrelationfunction ������� . Fromthebehavior of �5�����
both for short and long time values onecanconclude the existenceof quantum jumpsof the
atoms,whichareobserved asintermittentdarkandbrightperiodsof fluorescence.An expression
for the intensitycorrelationfunction ���c��� easilyfollows from standardconsideration from the
theory of photon correlations in fluorescence.Thecondition of anearlieremissionat time zero
ensuresthattheatomwasin statex � - y thismoment, sothattheinitial densitymatrix 6 (0)wasthe
projector â Ç #R6 Ç #3x � - y�z � - x onthisstate.Theprobability densityfor anotherphotonemission
at time � is thenequal to ¨ � � � �f6 �©Ös�©Ö �c��� , which is the rateof spontaneousdecaymultiplied by
theprobability thattheatomis in theupper statex i Ç y .

�5������#±¨ � � � �fà´ãdâ ( �����q�©¸f����âFÇ A (11)

with â ( theprojectoronstatex i Ç y . Eq.(11) illustratesthat �5����� monitors theprobability thatthe
atomis in thestatex i Ç y at time � , whenit wasknow to bein statex � - y at time �Ê#Ä* . For times�ÃË�¨>- (� � � � , ¸ ( and ¸ ~ canbe ignored in the evolution of 6 andthe densitymatrix is just the
two statedensitymatrix thatapproachesthesteadystateeqn.(6) aftera few lifetimes ¨É- (� � � � . For
shorttimes,thecouplingto thestatex � 4 y hasnotyetbeeneffective. Consequently for this range
of smalltimescalestheintensitycorrelation is simplythatfor two stateatom.Onecanshow that
theexplicit expressionfor theintensitycorrelationfunctionvalid for arbitraryvaluesof thetime
t andfor

¬¶µ#·* is givenas:

�5������#9��Ç������58 ¨ � � � � ;6 � ' �� � � � Ô 4®ä £�8å�\��� = 8���Ô 4 E·Ô - ����C�æ��Ô 4 E·Ô - �
A

(12)

where � Ç ������#ç¨q���F�{� ;6 � ~ �� � � � ��£è8G��������8�¨������{�F��� is the intensitycorrelationfunction for a two
stateatom. �\ÇD�����Ê#¶* for �É#¶* , reflectstheantibunching propertyandthat it approachesthe

steadystatevalue ¨V���F�{� ;6 � ~ �� � � � in a few life times ¨®- (� � � � . Here( Ô 4 EGÔ - ) - ( is thecorrelation
time for the randomtelegraph process ������� which stimulatesthe light anddark periods. It is
this structurethatis observedin thespectrumof resonancefluorescenceasanadditional narrow
peak[12]. In theabsenceof thegroundstatecoherence(

¬
),
;6 � ' �������� in thesecondtermof Eq.(12)

is to bereplacedby
;6 � ~ �� � � � . This is becausein theabsenceof groundstatecoupling thepopulation

of state x � 4 y is not effectedby ¸�) andhence thepopulationof thestate x i ¹ y for ��Úé¨´- (� � � � is

thusequal to
;6 � ~ �� � � � Â Ñ ����� .

4 Resultsand discussion

Thebehaviour of Ô - and Ô 4 asa function of
¬

is shown in Fig. 3a. We find an initial steady
increasein Ô - andthenit approacheszeroslowly for highvaluesof thecoupling parameter. Ô 4
on theotherhanddecays rapidly to zerofor large

¬
. Theaveragerate £�l���à�ê0Eåà � � at which

weobservequantumjumps (i.e.,theonsetof darkperiods)is alsoshown in Fig. 3aasa function
of
¬

. We observe a initial increasein the quantum jump rate(QJR)andit reachesa maxima
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Fig. 3a. Theswitchingrate ë�� (solid line), ëÊ� (long dashedline) andQuantumjump rate(shortdashed
line) asa function of groundstatecoherence parameter(ì«í�î�ï � ï � ) for ð�ñÍí�îqï � ï �OòGó , ô.í�îqï � ï �Oò²õ�ó ,î ïÍ�5ïÍ� í�î ïI�fïI�åò·ö , ÷sø�ù�úsû©ü�ýDþ ò¯ó_ÿ õ , andù ��� úsû�ü�ýDþ ò¯ó_ÿ ö .
for thatvalueof

¬
for which the two rates Ô - and Ô 4 areequal. For highervaluesof

¬
QJR

steadilydecreases.Fig. 3bshowsasymmetric behaviour of Ô 4 , Ô - andQJRwith respectto the
detuning. A veryhigh valueof theseparameters is noticedfor reddetunedlaserascomparedto
that for bluedetuning. A transparentdescriptionof this problem canbereachedin thecoupledx���� y andnoncoupled x��
	�� y statebasis.Thisbasisis composedof thefollowing two orthogonal
linearcombinationsof x � - y� Â 7 x � 4 y

x�� � y # £W X ä Z\[L] ��^_U���x � 4 y E ]{aªb �©^dUD��x � - y æ A (13)

x���	�� y # £W X ä ]�acb ��^_UD��x � 4 y 8 Z�[L] �©^dUD��x � - y æ§K (14)

Thestatex���	�� y is alwaysdecoupled from thelaserfield for any valueof
¬

:z i ¹ x��×x�� 	�� y #1*dK (15)

On the otherhand,the atomicmotion and/orthe appliedweakaxial magnetic field inducesa
coupling betweenx�� � y and x�� 	�� y ,z ���´x @�m x���	�� y #38��!w m o�K (16)

Finally, thelaserfield couples x���� y to theexcitedstate,z iu¹ x��×x���� y # ;< ¦W X �\���q��8 : �.������K (17)
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Fig. 3b. Theswitchingrate ë � (solid line), ë � (long dashed line) andQuantumjump rate(shortdashed
line) asa functionof ð\ñIí�î ïI�5ïI� for ì«í�î ïI�5ïI�1òRó_ÿ ó�� , ôVí�î ïI�5ïI�·òOõ�ó , î ïÍ��ïÍ� í�î ïI��ïI�1òÆö , ÷sø�ù ú û�üuý�þ òó_ÿ õ , and ù ��� ú û©ü�ýDþ ò¯ó_ÿ ö .

So in the absenceof coupling (i.e.
¬ # * ) betweenthe x�� � y andthe x�� 	�� y states,Ô - is

zero(i.e. darkperiodsof infinite duration) andtheprobability of theatomto switchfrom theon
stateto theoff stateis high. If

¬
approacheszero,theupper level occupationprobability tends

to zerosothattheintensityof theresonancefluorescencevanishesin this limit. This is thewell
known Velocity selective coherentpopulation trapping(VSCPT)[ 16 ] andfindsits explanation
in thefact thattheuncoupledstateis stableagainst laserexcitation (oncetheatomis trappedin
theuncoupledstate,it is unavailablefor excitationto theexcitedstate)but canonly bepopulated
via spontaneousdecayfrom the upper level. For quantum jumps to occur(i.e for the atomto
switch betweenon andoff states),the atommustmake a transitionto the excited state. This
canhappen only for a finite value of the coupling parameter. Oncethe atomis in the excited
state,it hasa finite rate to jump either to the weakground state x � 4 y or the strongsate x � - y .
For larger valuesof

¬
larger thantheRabifrequenciesandthespontaneousemissionrateof the

excitedstate),theatomswitchingbetweenthe lower levels take placeat a very small but finite
occupationprobability of theupperlevel. This explains thepracticallyzeroquantumjump rate
for highvaluesof

¬
.

Thetime development of intensitycorrelationfunction ������� for differentthreedifferent val-
uesof

¬
is shown in Fig. 4a. For

¬ # * , the time development of �5����� is that for a two level
atomdecreasingto zerofor largetimes. Thedecreasein �5����� for long time valuesis anindica-
tion of theswitchingon of thedarkperiod. However for a finite

¬
theatomis transferredfrom

the x�� 	�� y to the x�� � y stateandthento theexcitedstateby thecoupling of the laserfield with
thecoupled state.This inducesthecorrelation functionto settledown to a finite nonzerovalue



Coherent control of quantumjumpsin anopticallattice 355

Fig. 4a. Time development of the correlationfunction for threedifferentvaluesof ìqí�î�ï � ï � = [0 (solid
line), 0.1(long dashed line), and0.5 (shortdashedline)]. Otherparametersaresameasthatfor Fig. 3a.

for large times. With an appliedmagnetic field greaterthana certainvalue(for which QJRis
maximum),theincoherentRamancontribution to thescatteringprocessincreasesandcausesthe
correlationsto decreasewith increasing

¬
. This is illustratedin Fig. 4b wherewe have plotted

thesteadystatevalueof the intensitycorrelation function asa function of
¬

. This decreasein
thedegreeof secondordercoherencewith increasingmagnetic field hasbeenobservedby Bali
et al. [14]. In orderto decideon theexistenceof darkperiodsanother relevant quantityis wait-
ing time distribution. Thedistribution of the time lapsesonehasto wait for until theemission
of thefirst next photon afteranearlieremissionis calledthewaiting time distribution function
w(t). It obeys thenormalizationcondition �Ç � �c��� 7 ��#0£ andw(t) approacheszerofor ����� .� ����� is a moreappropriatequantity than ���c��� for discussingquantum jumpsin three-level sys-
tems = £�� A £uá§C . We now write down theexpressionfor � ����� in our model,without goinginto the
detailedderivation:

� �c���.#v� Ç �c����E Ô 4 Ô - �\�D����8`Ô - ���¨ � � � � ;6 ��Ö{�©Ö A
(18)

where��ÇD����� is thewaiting time distribution for a two stateatom. For large time (��Úé¨�- (�{���{� )� ����� hasaweakbutfiniteslowly decaying tail. Thismeansthataftereachphoton emissiononthe
strongtransition, thereis a smallprobability thatthenext photontakesa long time of theorderÔ - (- to arrive. This correspondsto a darkperiod in thefluorescence. Naturallyas

¬
increasesÔ - increases,therefore the time periodonehasto wait to observe the next photon decreases.

The above analysisindicatesthat a coherent control of the QJRis possiblewith a weakaxial
magnetic field.
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Fig. 4b. Steadystatevalue of the correlationfunction as a function of ìqí�î ï � ï � for ð ñ í�î ï � ï � òÛó ,ô.í�îqï � ï �¡ò1õ�ó , îqï � ï � í�îqï � ï �Bò·ö , ÷sø�ù ú û�üuý�þ ò¯ó_ÿ õ , andù ��� ú û�üuýDþ ò ó_ÿ ö .
5 Conclusions

In conclusionwe haveshown thatcertainpoints on theopticallatticeinducesquantum jumpsin
metastableHelium atom.At thesespecialpointsif theatomis somehow localized, thestatistics
of the photons scatteredby the atom can be controlled coherently by a weak magneticfield
applied along the laseraxis. We find that the evolution of the atom on a long time scaleis
governed by theweakmagneticfield (whichalsocontrols thegroundstatecoherence)by causing
aslow transferof probability from brightnessto darknessandvice versa.
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