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NonＧequilibriumthermodynamicequality
worksatthesingleＧspinlevel

WiththesupportbytheNationalNaturalScienceFoundationofChinaandincollaborationwiththe
researchersfromShanghaiJiaotongUniversityandOxfordUniversity,theresearchgroupledbyProf．
FengMang (冯芒)from WuhanInstituteofPhysicsand Mathematics,ChineseAcademyofSciences
demonstratesexperimentallythatathermodynamicequalityworksatthesingleＧspinleveleveninanonＧ
equilibriumdynamicprocess,whichwaspublishedinPhysicalReviewLetters (２０１８,１２０:０１０６０１)and
selectedasEditorsSuggestion．

ThermodynamicsconventionallyappliestomacroscopicsystemsandthenonＧequilibriumdynamicprocess
isubiquitousinthermodynamicevolutions．In general,the nonＧequilibrium dynamicsisextremely
complicated,whichcanbedescribedonlybyinequalities．However,asimpleandgeneralrelationnamed
“Jarzynskiequality”wasproposedin１９９７toconnectthephysicalquantitiesinthenonＧequilibriumprocess
tothefreeＧenergychangeofthesystem．Thisequalitywasfurthergeneralizedin２０１２asan“informationＧ
theoreticequality”forthechangeofinformationbetweentwodifferentmeasurementsduringthetime
evolution．Thenewequality,whichismoresuitableforquantumdomain,canbereducedtotheJarzynski
equalitywhenthesystemisinitiallyinaGibbsstate．

TheyhaveverifiedexperimentallythisinformationＧtheoreticequalitybyemployingasingleultracold
trapped４０Ca＋ ionconfinedinanelectromagneticfield．ThesingleＧqubitimplementationincludestwo
projectivemeasurementswithacompletelypositivetracepreservingmapinbetween(SeeFigurebelow)．
Sincetheioniscooleddowntothevibrationalgroundstate,theexperimentwascarriedoutatthelevelof
０．７％errorofsingleＧspinoperationsundertheinfluenceofquantumandclassicalnoises．Thisisthefirst
experimentaldemonstrationofnonＧequilibriumthermodynamicsofinformationatasingleＧspinlevel,which
showedclearlythattheinformationＧtheoreticequality,includingtheJarzynskiequality,worksnearly
perfectlyatthefundamentallevelofasinglespin．

Thisworkwouldbehelpfulforunderstandingthethermodynamicbehaviorinthequantumregimeand
alsoforfurtherexploringtheinterplaybetween nonＧequilibrium phenomenaandinformationatthe
nanoscale．

Figure　Schematicdiagramoftheexperiment:Acompletelypositivetracepreservingmapsandwichedbytwomeasurementson
thespinlevelsina４０Ca＋ion．


