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Coherencelaysacrucialrolefor theexistenceof persistenturrent.lt hasbeenshavn experimentally
andtheoreticallythatdecoherencentroducedby eitherfinite temperaturer disordersuppressethe
persistenturrent[1].

Exchangeof particleswith anexternalreserwir represent@anothersourceof decoherencéor a
mesoscopisystem.In this work we studyhow thatkind of decoherencaffectsthepersistenturrent
in anidealmesoscopicing.

The theoreticalmodel consistsof anideal ring coupledto the fermionic reserwir by tunneling.
The tunnelingoperatordoesnot consere the angularquantumnumber Within the adoptedmodel
boththe strengthof couplingandthe numberof ring statescoupledto thereserwir canbevaried.We
foundthatthe persistenturrentis ratherrobustagainsthe decoherencdueto the particleexchange
with thereserwir. A similar systemhasbeeninvestigatedpreviously in the frame of the scattering
matrix approach2]. However, the effects predictedin the presentpaperhave not beendiscussed
there.

As onevariesthestrengthof the couplingto thereserwir, therearetwo regimeswith qualitatively
differentbehaior of the persistencurrent. In the weak couplingregime, wherethe broadeningof
eachring stateis lessthantheinterlevel distancethe persistenturrentgetssuppressewith growing
coupling(seeFig. 3).

In contrast,jn the strongcouplingregime, wherethe broadeningf a singlelevel exceedghein-
terlevel distancethe mixing of statesy thecouplingto thereserwir leadsto a qualitatively different
behaior of the persistenturrent. In this regime, long-living statesdevelopthatarelocalizedin the
ring. Thesestatesshov up assharppeaksn thedensityof statefDoS)(seeFigs. 1,2). Thesimplified
model,which only considerghe couplingof two ring stateso the reserwir could be solved analyt-
ically by diagonalizingthe effective Hamiltonian. In the strongcouplinglimit one statedecouples
completelyfrom the reserwir, thus producinga norvanishingpersistenicurrenteven if the tunnel
couplingis muchstrongerthanthe interlevel distance(Fig. 1, 3a). The formationof a long-living
stateat strongtunnelcouplingto thereserwir is analogougo the well-known Dicke-efectin optics.
Recently similar effectshave beenpredictedn contect of resonanscatteringandresonantunneling
in solid statesystemg3]. For afinite numberof levelscoupledto thereserwir, the persistenturrent
saturatesit anonzerovalueasthe couplingbecomewery strong.Only if all thelevelsin thering are
coupledto thereserwir, the completesuppressionf the persistenturrentis achievzed (Figs. 2, 3b).
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Fig. 1: Currentdensity(full line) anddensityof state§DoS) (dashedines)for couplingof the two

lowestlying ring states.Gridlinesshow the enegiesof statesn theisolatedring. (a) Weakcoupling
regime: CurrentdensityandDoS arebroadene@roundthe eigenenagiesof theisolatedring states.
(b) Strongcouplingregime: Two hybridizedstatesdevelop. One statedecouplesrom the reseroir

(sharpmaximumin DoS). The otherstatehybridizesstrongly with the reserwir andformsa broad
backgroundn DoS.
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Fig. 2: Currentdensity(full line) andDoS (dashedine) for couplingof all ring states Gridlinesshowv
the enepiesof isolatedring states.(a) Weakcoupling: The samebehaior asin Fig. 1a. (b) Strong
coupling: DoS shaws sharppeaksanda broadbackground.The currentdensityhasan asymmetric
form aroundthe enegy of eachdecoupledstateandchangests signabruptly
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Fig. 3: Dependencef persistenturrenton the magneticflux throughthering. (a) 'IQWO ring states
coupleto the reserwir. For weakcouplingthe currentgetssmoothedanddecreasewith increasing
coupling. In the strongcoupling regime the currentsaturates. The savtooth form of the current
is restored. (b) All ring statescoupleto the reserwir. The persistentcurrentis suppressedvith
increasingcouplinganddisappears the strongcouplingregime.
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