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Coherenceplaysacrucialrolefor theexistenceof persistentcurrent.It hasbeenshownexperimentally
andtheoreticallythatdecoherenceintroducedby eitherfinite temperatureor disordersuppressesthe
persistentcurrent[1].

Exchangeof particleswith an externalreservoir representsanothersourceof decoherencefor a
mesoscopicsystem.In thiswork westudyhow thatkind of decoherenceaffectsthepersistentcurrent
in anidealmesoscopicring.

The theoreticalmodelconsistsof an ideal ring coupledto the fermionic reservoir by tunneling.
The tunnelingoperatordoesnot conserve the angularquantumnumber. Within the adoptedmodel
boththestrengthof couplingandthenumberof ring statescoupledto thereservoir canbevaried.We
foundthatthepersistentcurrentis ratherrobustagainstthedecoherencedueto theparticleexchange
with the reservoir. A similar systemhasbeeninvestigatedpreviously in the frameof thescattering
matrix approach[2]. However, the effectspredictedin the presentpaperhave not beendiscussed
there.

As onevariesthestrengthof thecouplingto thereservoir, therearetwo regimeswith qualitatively
differentbehavior of the persistentcurrent. In the weakcouplingregime, wherethe broadeningof
eachring stateis lessthantheinterlevel distance,thepersistentcurrentgetssuppressedwith growing
coupling(seeFig. 3).

In contrast,in thestrongcouplingregime,wherethebroadeningof a singlelevel exceedsthein-
terlevel distance,themixing of statesby thecouplingto thereservoir leadsto aqualitatively different
behavior of thepersistentcurrent. In this regime,long-living statesdevelopthatarelocalizedin the
ring. Thesestatesshow upassharppeaksin thedensityof states(DoS)(seeFigs.1,2).Thesimplified
model,which only considersthecouplingof two ring statesto thereservoir couldbesolvedanalyt-
ically by diagonalizingthe effective Hamiltonian. In the strongcoupling limit onestatedecouples
completelyfrom the reservoir, thusproducinga nonvanishingpersistentcurrenteven if the tunnel
couplingis muchstrongerthanthe interlevel distance(Fig. 1, 3a). The formationof a long-living
stateat strongtunnelcouplingto thereservoir is analogousto thewell-known Dicke-effect in optics.
Recently, similar effectshavebeenpredictedin context of resonantscatteringandresonanttunneling
in solid statesystems[3]. For afinite numberof levelscoupledto thereservoir, thepersistentcurrent
saturatesat anonzerovalueasthecouplingbecomesverystrong.Only if all thelevelsin thering are
coupledto thereservoir, thecompletesuppressionof thepersistentcurrentis achieved(Figs.2, 3b).
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L.P. Lévy, G. Dolan, J. Dunsmuir, andH. Bouchiat,Phys.Rev. Lett. 64, 2074(1990); H.-F.
Cheung,Y. Gefen,E.K. Riedel,andW.H. Shih,Phys.Rev B 37, 6050(1998).
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Fig. 1: Currentdensity(full line) anddensityof states(DoS)(dashedlines) for couplingof thetwo
lowestlying ring states.Gridlinesshow theenergiesof statesin theisolatedring. (a) Weakcoupling
regime: CurrentdensityandDoSarebroadenedaroundtheeigenenergiesof theisolatedring states.
(b) Strongcouplingregime: Two hybridizedstatesdevelop. Onestatedecouplesfrom thereservoir
(sharpmaximumin DoS).The otherstatehybridizesstronglywith the reservoir andforms a broad
backgroundin DoS.
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Fig. 2: Currentdensity(full line) andDoS(dashedline) for couplingof all ring states.Gridlinesshow
theenergiesof isolatedring states.(a) Weakcoupling: Thesamebehavior asin Fig. 1a. (b) Strong
coupling: DoSshows sharppeaksanda broadbackground.Thecurrentdensityhasanasymmetric
form aroundtheenergy of eachdecoupledstateandchangesits signabruptly.
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Fig. 3: Dependenceof persistentcurrenton themagneticflux throughthe ring. (a) Two ring states
coupleto thereservoir. For weakcouplingthecurrentgetssmoothedanddecreaseswith increasing
coupling. In the strongcoupling regime the currentsaturates.The sawtooth form of the current
is restored. (b) All ring statescoupleto the reservoir. The persistentcurrent is suppressedwith
increasingcouplinganddisappearsin thestrongcouplingregime.


