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Usemachinelearningtoidentifytheequation
ofstateofquarkＧgluonplasma

WiththesupportinpartfromtheNationalNaturalScienceFoundationofChina,Prof．WangXinNian
(王新年)fromtheCentralChinaNormalUniversity(CCNU),Dr．PangLongGang(庞龙刚),aformer
postdoctoralfellowatCCNUandnowpostdoctoralfellowattheUniversityofCaliforniaBerkeley,and
theircollaboratorshaverecentlyappliedthemachinelearningtechniquetothefieldofrelativisticheavyＧion
physicsandsucceededinidentifyingthetypeofequationofstate (EOS)ofthequarkＧgluonplasmas
encodedinthefinalhadronspectrafromviscousrelativistichydrodynamicssimulations．Theirpioneering
work,“AnequationＧofＧstateＧmeterofquantum chromodynamicstransitionfrom deeplearning”,was
publishedinthe２０１８January１５thissueofNatureCommunications (https://www．nature．com/articles/
s４１４６７Ｇ０１７Ｇ０２７２６Ｇ３)

OneofthefundamentalproblemsinmodernphysicsisthephasetransitionfromquarkＧgluonplasmato
hadronicgasinstronginteractionandthephysicalpropertiesofquarkＧgluonplasmainhighＧenergyheavyＧ
ioncollisions．Thisproblemiscloselyrelatedtotheequationofstateofmatterintheearlyuniverseshortly
aftertheBigBang．DeterminationofEoSisthereforetheHolyGrailinhighＧenergyheavyＧionphysics．So
farthereisnodirectwayto measureEoSexperimental．ItisalsochallengingtoextractEoSfrom
comparingexperimentaldataandtheoreticalsimulationssincethefinalhadronspectraarealsoinfluenced
bytheinitialconditionandmediumtransportproperties．

Prof．Wang,Dr．Pangandtheircollaboratorshavedevelopedadeepconvolutionalneutralnetworkto
identifytheEoSthatisencodedinthefinalhadronspectra．Muchlikeusingdeepmachinelearningfor
imagerecognition,theyfeedthefinalhadron spectraas２Ｇdimentionalimagesfrom hydrodynamic
simulationswithknownEoStothecomputertotraintheneutralnetwork．Thenetworkthenistested
againstanothersetofeventsfromhydrodynamicsimulationsforEoSidentification．Theyfoundthatafter
learningthecharacteristicsfrom２２０００events (images),thenetworkcanidentifytheEoSinthetest
eventswith９５％successfulrate．Theyalsofoundtheregionofphasespacethatisthemostsensitiveto
EoS(Figure)．TheirnextstageofstudyistoapplythedeepmachinelearningtechniquetoextractEoS
fromrealexperimentaldata．

Figure　ThedistributionofsensitivityofthetrainednetworktoEoSinthetransversemomentumandazimuthalangle．


