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1. 1. IntroductionIntroduction

FAIR FAIR energiesenergies areare well well suitedsuited to to studystudy
densedense and hot and hot nuclearnuclear mattermatter ––

a a phasephase transitiontransition to QGP ,to QGP ,
chiralchiral symmetrysymmetry restorationrestoration, , 
inin--mediummedium effectseffects

((cfcf. . talktalk byby J. J. RandrupRandrup))

Way to Way to studystudy::
Experimental Experimental energyenergy scanscan of different of different 
observablesobservables in order to find an in order to find an ‚‚anomalousanomalous‘‘
behaviorbehavior byby comparingcomparing withwith theorytheory



2. 2. ExcitationExcitation functionfunction of of particleparticle yieldsyields and and 
ratiosratios
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2. 2. ExcitationExcitation functionfunction of of particleparticle yieldsyields and and ratiosratios
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Transport Transport modelsmodels: : 
HSD, HSD, UrQMDUrQMD, , GiBUUGiBUU

Exp. Exp. datadata areare notnot well well reproducedreproduced
withinwithin thethe hadronhadron--stringstring picturepicture => => 
evidenceevidence forfor nonhadronicnonhadronic degreesdegrees of of 
freedomfreedom



3. 3. TransverseTransverse massmass spectraspectra

Transport Transport modelsmodels: : 
•• HSD 2.0 (+ Cronin HSD 2.0 (+ Cronin effecteffect))
•• UrQMDUrQMD 2.0 2.0 

UrQMDUrQMD 2.2 (2.2 (effectiveeffective heavyheavy resonancesresonances withwith
massesmasses 2 < M < 32 < M < 3 GeVGeV and and isotropicisotropic decaydecay))
•• GiBUUGiBUU

All All transporttransport modelsmodels failfail to to reproducereproduce thethe TT--
slopeslope withoutwithout introducingintroducing specialspecial „„trickstricks““
whichwhich areare, , howeverhowever,  ,  inconsistentinconsistent withwith otherother
observablesobservables!!
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3D3D--fluid fluid hydrodynamicalhydrodynamical modelmodel
givesgives thethe right right slopeslope!!
IsIs thethe matter a matter a partonparton liquid?liquid?



4. Collective flow: general considerations4. 4. CollectiveCollective flowflow: : generalgeneral considerationsconsiderations
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-- directeddirected flowflow

-- ellipticelliptic flowflow

VV2 2 > 0 > 0 indicatesindicates inin--planeplane emissionemission of of particlesparticles

VV2 2 < 0 < 0 correspondscorresponds to a to a squeezesqueeze--outout perpendicularperpendicular
to to thethe reactionreaction plane (plane (outout--ofof--planeplane emissionemission))

x

zNon central Au+Au collisions :
interaction between constituents leads to a
pressure gradient => spatial asymmetry is converted 
to an asymmetry in momentum space => 
collective flow

Y



4. 4. CollectiveCollective flowflow: v: v22 excitationexcitation functionfunction

Proton vProton v22 at at lowlow energyenergy showsshows sensitivitysensitivity to to thethe nucleonnucleon potentialpotential..
CascadeCascade codescodes failfail to to describedescribe thethe expexp. . datadata..
AGSAGS energiesenergies: : transitiontransition fromfrom squeezesqueeze--outout to to inin--planeplane ellipticelliptic flowflow
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4. 4. CollectiveCollective flowflow: v: v22 excitationexcitation functionsfunctions

vv2 2 excitationexcitation functionsfunctions fromfrom stringstring--hadronichadronic transporttransport modelsmodels
–– UrQMDUrQMD: : 



4. 4. CollectiveCollective flowflow: v: v11 excitationexcitation functionsfunctions

2+1 2+1 fluidfluid HydroHydro (Frankfurt) (Frankfurt) predictspredicts
„„antiflowantiflow““ of of protonsprotons –– ifif thethe matter matter undergoesundergoes a a 
1st order 1st order phasephase transitiontransition to to thethe QGPQGP

WarningWarning: : otherother HydroHydro modelsmodels dondon‘‘tt showshow such such 
„„antiflowantiflow““ => => HydroHydro resultsresults areare veryvery sensitive to sensitive to 
thethe initialinitial and and „„freezefreeze--outout““ conditionsconditions! ! 

2+1 2+1 fluidfluid HydroHydro

PT PT –– phasephase transitiontransition
MPM MPM –– mixedmixed phasephase EoSEoS
1F,2F,3F 1F,2F,3F ––1,2,3 1,2,3 fluidfluid hydrohydro
((IvanovIvanov et al.)et al.)



Directed flow v1   &  elliptic flow v2 for Pb+Pb at 40 A GeVDirectedDirected flowflow vv1   1   &  &  ellipticelliptic flowflow vv2 2 forfor Pb+PbPb+Pb at 40 A at 40 A GeVGeV

••Small Small wigglewiggle in vin v11 at at 
midrapiditymidrapidity notnot describeddescribed
byby HSD, HSD, UrQMDUrQMD and 3and 3--
fluid fluid hydrohydro

••TooToo large large ellipticelliptic flowflow vv22
at at midrapiditymidrapidity fromfrom HSD, HSD, 
UrQMDUrQMD and 3and 3--fluid fluid hydrohydro
forfor all all centralitiescentralities !!

ExperimentallyExperimentally: : 
breakdownbreakdown of of vv22 atat
midrapiditymidrapidity !!

SignatureSignature forfor a a firstfirst
order order phasephase transitiontransition ??
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4. 4. CollectiveCollective flowflow: : ellipticelliptic flowflow at 25 A at 25 A GeVGeV
–– predictionspredictions forfor CBMCBM
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Charged particles

Transport Transport modelsmodels
•• HSD  HSD  
•• UrQMDUrQMD
•• GiBUUGiBUU
•• QGSM (v. QGSM (v. DubnaDubna;;

v. v. OsloOslo--TuebingenTuebingen))
••AMPT AMPT withoutwithout stringstring meltingmelting

predictpredict similarsimilar vv22 forfor chargedcharged
particlesparticles!!

AMPT AMPT withwith stringstring meltingmelting showsshows
muchmuch strongerstronger vv2 2 forfor chargescharges
particlesparticles !!



4. 4. CollectiveCollective flowflow: : ellipticelliptic flowflow at 25 A at 25 A GeVGeV
–– predictionspredictions forfor CBMCBM
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AMPT AMPT withwith stringstring meltingmelting showsshows vv2  2  similarsimilar forfor all all particlesparticles !!



5. 5. DileptonsDileptons

DileptonsDileptons areare an an ideal probeideal probe forfor vectorvector mesonmeson spectroscopyspectroscopy in in 
thethe nuclearnuclear mediummedium and and forfor thethe nuclearnuclear dynamicsdynamics !!

••StudyStudy of of inin--mediummedium effectseffects withwith dileptondilepton experimentsexperiments::
„„HistoricalHistorical““ overviewoverview –– DLS, SPS (CERES, HELIOS)DLS, SPS (CERES, HELIOS)
NovelNovel experimentsexperiments –– HADES, NA50, CERES, PHENIXHADES, NA50, CERES, PHENIX
Future Future –– CBMCBM

•• ExcitationExcitation functionfunction forfor dileptondilepton yieldsyields
•• PredictionsPredictions forfor CBM  (CBM  (e+ee+e-- and and µµ++µµ--))

•• DirectDirect photonsphotons as a as a possiblepossible observableobservable forfor CBM ?!CBM ?!



5. 5. DileptonsDileptons

High High precisionprecision NA60 NA60 datadata allowallow to to distinguishdistinguish amongamong inin--
mediummedium modelsmodels!!
ClearClear evidenceevidence forfor a a broadeningbroadening of of thethe ρ ρ spectralspectral functionfunction!!



5. 5. DileptonsDileptons
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•• DileptonDilepton yieldyield increasesincreases withwith energyenergy duedue to a to a higherhigher productionproduction of of mesonsmesons
•• ρρ meltsmelts at at practicallypractically all all energiesenergies; ; ωω and and φ φ showshow clearclear peakspeaks on an on an approxapprox. . 
exponential exponential backgroundbackground in in massmass!!



5. 5. DileptonsDileptons –– predictionprediction forfor CBMCBM

InIn--mediummedium modificationsmodifications of  of  e+ee+e-- and and µµ++µµ-- spectraspectra areare veryvery similarsimilar!!
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6. 6. Open and Open and hiddenhidden charmcharm
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HiddenHidden charmcharm: J/: J/ΨΨ , , ΨΨ‘ ‘ 

AnomalousAnomalous J/J/ΨΨ suppressionsuppression in A+A in A+A 
(NA38/NA50)(NA38/NA50)

ComoverComover dissociationdissociation in in thethe transporttransport
approachesapproaches –– HSD HSD && UrQMDUrQMD
NA50 NA50 datadata areare consistentconsistent withwith
comovercomover absorptionabsorption modelsmodels

Heavy Heavy flavorflavor sectorsector reflectsreflects thethe actualactual dynamicsdynamics
sincesince heavyheavy hadronshadrons cancan onlyonly bebe formedformed in in thethe veryvery
earlyearly phasephase of of heavyheavy--ionion collisionscollisions at FAIR/SPS!at FAIR/SPS!



6. 6. Open and Open and hiddenhidden charmcharm

SatzSatz, , DigalDigal, Fortuna to (percolation), Fortuna to (percolation)
Rapp, Rapp, GrandchampGrandchamp, Brown (, Brown (dissdiss. and . and recombrecomb.).)
CapellaCapella, , FerreiroFerreiro ((comoverscomovers))

New NA60 New NA60 datadata forfor In+InIn+In at 16at 160 A 0 A GeVGeV: : no no consistentconsistent descriptiondescription has has 
beenbeen foundfound so far so far withwith Glauber Glauber typetype comovercomover absorptionabsorption modelsmodels
Note:Note: no final no final transporttransport calculationscalculations yetyet forfor In+InIn+In! ! ((workwork in in progressprogress!)!)



6. 6. Open and Open and hiddenhidden charmcharm
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•• DroppingDropping DD--mesonmeson massesmasses withwith increasingincreasing light light quarkquark densitydensity
mightmight givegive a a large large enhancementenhancement of of thethe openopen charmcharm yieldyield at 25 A at 25 A GeVGeV ! ! 

Open Open charmcharm: : DD--mesonsmesons

HSDHSD



6. 6. Open and Open and hiddenhidden charmcharm

InIn--mediummedium reductionreduction of D/of D/DbarDbar
massesmasses mightmight havehave a a strongstrong
influenceinfluence on  on  ΨΨ‘ ‘ suppressionsuppression duedue to to 
thethe openingopening of of thethe ΨΨ‘‘-->D >D DbarDbar
decaydecay channelchannel [Rapp, Brown et al.][Rapp, Brown et al.]
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TheThe ΨΨ‘/J/‘/J/ΨΨ ratioratio givesgives informationinformation aboutabout thethe approachapproach to to chemicalchemical
equilibrationequilibration: : charmcharm chemicalchemical equilibrationequilibration isis notnot achievedachieved in HSD in HSD 
sincesince thethe ΨΨ‘ ‘ mesonsmesons areare moremore suppressedsuppressed relative to J/relative to J/ΨΨ
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6. 6. Open and Open and hiddenhidden charmcharm --
predictionspredictions forfor CBMCBM

Open Open charmcharm:  :  
withoutwithout mediummedium effectseffects: : suppressionsuppression of of DD--mesonmeson spectraspectra byby factorfactor ~ 10 ~ 10 

relative to relative to thethe global global mmTT--scalingscaling
withwith mediummedium effectseffects:: restorationrestoration of of thethe global global mmTT--scalingscaling forfor thethe mesonsmesons

HiddenHidden charmcharm: : 
J/J/Ψ Ψ suppressionsuppression duedue to to comovercomover absorptionabsorption at FAIR at FAIR isis lowerlower as at SPSas at SPS
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7. 7. FluctuationsFluctuations and and correlationscorrelations
FluctuationFluctuation and and correlationcorrelation measurementsmeasurements provideprovide
informationinformation onon susceptibilitiessusceptibilities of matter:of matter: rapid rapid 
changeschanges reflectreflect thethe order of order of thethe phasephase transitiontransition

MultiplicityMultiplicity fluctuationsfluctuations ωω of of negativelynegatively, , positivelypositively and all and all chargedcharged
particlesparticles as a as a functionfunction of of thethe numbernumber of of projectileprojectile participantsparticipants NNpartpart

projproj ::

N

NN

N
Var(N)

22 −
==ω

ωω=1  =1  -- PoissonianPoissonian multiplicitymultiplicity
distributiondistribution withwith no no 
dynamicaldynamical correlationscorrelations

HSD and HSD and UrQMDUrQMD showshow strongstrong multiplicitymultiplicity fluctuationsfluctuations in 4in 4ππ ‚‚fullfull‘‘ acceptanceacceptance, , 
howeverhowever, , thethe observedobserved ((byby NA49) NA49) nonnon--trivialtrivial systemsystem sizesize dependencedependence of of 
multiplicitymultiplicity fluctuationsfluctuations isis notnot reproducedreproduced byby HSD and HSD and UrQMDUrQMD !!



7. 7. FluctuationsFluctuations and and correlationscorrelations

PredictionsPredictions:: ExcitationExcitation functionfunction of of thethe correlationcorrelation coefficientcoefficient CCBSBS forfor
centralcentral Pb+PbPb+Pb and and minimumminimum biasbias p+pp+p collisionscollisions calculatedcalculated withinwithin UrQMDUrQMD::
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BB(n(n)) , , SS(n(n)) –– baryonbaryon numbernumber and and 
strangenessstrangeness in a in a givengiven eventevent (n)(n)

EnergyEnergy dependencedependence of of eventevent--
byby--eventevent fluctuationsfluctuations of of thethe ratiosratios
(K(K+++K+K--)/()/(ππ++++ππ--) and ) and 
((p+pbarp+pbar)/()/(ππ++++ππ--)  )  withinwithin thethe
UrQMDUrQMD modelmodel::



Summary

•• FAIRFAIR isis anan excellentexcellent facilityfacility toto
studystudy thethe propertiesproperties of of sQGPsQGP
((stronglystrongly interactinginteracting ‚‚colorcolor liquidliquid‘‘)   )   
as well as as well as hadronichadronic matter matter 

•• Transport Transport theorytheory isis thethe
generalgeneral basisbasis forfor an an 
understandingunderstanding of of nuclearnuclear
dynamicsdynamics on a on a microscopicmicroscopic levellevel

HowHow to to modelmodel a a phasephase transitiontransition
fromfrom hadronichadronic to to partonicpartonic matter?matter?UrQMDUrQMD: U+U,  25 A : U+U,  25 A GeVGeV


	Status Physics Book: Observables and Predictions
	Content of the Chapter: Observables and Predictions
	1. Introduction
	2. Excitation function of particle yields and ratios
	2. Excitation function of particle yields and ratios
	3. Transverse mass spectra
	4. Collective flow: general considerations
	4. Collective flow: v2 excitation function
	4. Collective flow: v2 excitation functions
	4. Collective flow: v1 excitation functions
	Directed  flow v1   &  elliptic flow v2 for Pb+Pb at 40 A GeV
	4. Collective flow: elliptic flow at 25 A GeV – predictions for CBM
	4. Collective flow: elliptic flow at 25 A GeV – predictions for CBM
	5. Dileptons
	5. Dileptons
	5. Dileptons
	5. Dileptons – prediction for CBM
	6. Open and hidden charm
	6. Open and hidden charm
	6. Open and hidden charm
	6. Open and hidden charm
	6. Open and hidden charm -predictions for CBM
	7. Fluctuations and correlations
	7. Fluctuations and correlations
	Summary


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


