
V.I. Kolesnikov 

Joint Institute for Nuclear Research, Dubna 

XXII Baldin ISHEPP 

September 15-20, 2014 

  Study of (anti)deuteron 

 production at SPS energies 



                                                 OUTLINE 

 

  Motivation 

 

  NA49 Experiment 

 

  Data analysis 

 

  Results: 

     - pT-spectra and rapidity distributions of (anti)nuclei 

     - centrality dependence of the cluster yields 

     - combined analysis of anti-p and anti-d (coalescence) 

 

  Summary 
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 Anti-matter is produced in the course collision 

     (no contribution from spectators) 

 

 Enhanced antimatter production  in A+A (relative to p+p) was 

predicted as a signature of  QGP 

 

 Provide information on collision dynamics (namely): 

     space-time evolution of  the created fireball , 

     effective participant source volume, 

     freeze-out nucleon density distribution, 

     momentum-space correlations, 

     effects of  annihilation and break up in the dense matter.  

Motivation 
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     The NA49 Apparatus 

Large acceptance:  

             full forward 

             hemisphere  

     Tracking: 4 TPC, 

        dp/p2 = 3 10-5 (GeV/c) -1 

Centrality selection: ZDC 

dE/dx : sE/E @ 4% 

TOF: s @ 60 ps 

Particle ID: 

4 



0-5%   5-12% 12-23%                     

Centrality determination in NA49 

158 GeV min.bias Pb+Pb  Centrality (in %) = strig/stotal  

  Off-line selection by 

     windows in the measured 

     ZDC spectrum 

 For a given bin, all the 

relevant  numbers 

     (i.e. Nwound Npart, b) 

     are derived from models  
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Pb+Pb (central) at 158A GeV: 

~ 2000 charged particles  
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Particle ID in NA49 (dE/dx + TOF) 
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PID:  dE/dx from TPCs+TOF 

          in (p-pT) bins 

Dbars: dE/dx +  track quality cuts applied 

.  

-1.2<y<-0.6 

0<pT<0.3 GeV/c 

0.3<pT<0.45 GeV/c 

0.45<pT<0.6 GeV/c 

dE/dx < dE/dxBB(d) + kσ(d) 
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The invariant differential yield for each bin in (y,pt) evaluated as:  

Raw particle spectra are also corrected for losses due to applied cuts and 

contamination of decay products of hyperons and resonances (L, S, K0) 
Corrections:  

             - Overall efficiency (including quality cuts) > 60%,, 

              - feeddown corrections for (anti)protons (20-30%) 

Systematic errors (clusters): 

       Spectra   ~20% (dbar) and 10^ (d) 

       Coalescence – 20-30% 

 Details: Phys. Rev. C69, 024902 (2004); Phys. Rev. C73, 044910 (2006); 
             Phys. Rev. C77, 024903 (2008); Phys. Rev. C85, 04 4913(2012) 
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Analysis: yeilds 



Results 



 

 Data for (from top to bottom) 

     0-12.5%, 12-23^, 0-23% central 

 

 Thermal fit function used 

 

 Spectra of clusters (Td ~ 400 MeV)  

     are harder than  those of nucleons 

     (Tp ~ 300 MeV) resulting from 

     strong collective transverse flow 

Results: pT-spectra of (anti)d and (anti)p 
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Teff = Tthermal +  m<v> 



 No difference in the shapes of 

   the spectra  between d and dbar 

     up to pT=0.9 GeV/c 

 

 No Indication of extra reduction 

   of the dbar yield due to annihilation  

dbar/d = (2.2 +/- .2) x 10-3  (y=2.0)   

Results: comparing spectra of d and dbar 

 Microscopic transport model predict modification of  the anti-baryon spectra 

    in dense matter due to annihilation (M.Bleicher et al, J. Phys G 25, 1859 (1999)) 

 The (predicted) effect is larger at mid-rapidity and low-pT  

 NA49 data: modifications were not observed in (anti)p and (anti)L at the top SPS 

C. Alt et al (NA49 Coll.) Phys. Rev. C 73, 044910 (2006) 

C. Anticic et al (NA49 Coll.) Phys. Rev. C 80, 034906 (2009) 
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In the thermal model (TM): 

                     dbar/d ~ exp(-4mB/T) 

         At SPS mB~250 MeV, Tch ~ 160 MeV 

 

So, dbar/d ~ 1.9 x 10-3   agrees to the NA49 

       measurements 



•  The yield (normalized to Nw) 

   drops with centrality 

 

• dbars reproduce the trend of 

   pbars in mid-central Pb+Pb 

Pb+Pb 

pbars:  NA49, PRC 73, 044910 (2006) 

Results: centrality dependence of yields 
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 Distinct shapes  of the rapidity spectra 

    for d and dbar: can be traced back to 

    those of constituents 

 

  Shapes are motivated by a coalescence 

approach 

 

 Estimates for total yields agreed 

     within 40% to the predictions 

     of the hadron gas modes  

Results: (anti)d yields versus rapidity 

 4p yields (fits): d - 3.5 +/- 0.4 (1.75 +/- .18),  dbar: 2.4 x 10-3  

 Hadron Gas Model predicts:  2.5 (d) and 4.6 × 10−3 in the 5% central Pb+Pb 

 The agreement is within 40% (after a proper scaling for centrality) 
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 Weak centrality dependence for 

     (anti)d in Pb+Pb at 158A GeV 

 

 May indicate a some degree of 

    saturation in density distribution 

    for (anti)nucleons at the top SPS 

Results: centrality dependence of (anti)d yields 

               Data for min.bias Pb+Pb:  

C. Anticic et al (NA49 Coll.) Phys. Rev. C 69, 024902 (2004) 
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 Cluster yields are related to those 

 of nucleons through the BA coefficient 

which depends on details of formation 

 mechanism and reaction dynamics 

 

 B2 parameters for d and dbar agree 

    within errors  coalescence volumes 

   are similar for cluters and anticlusters 

 

 Strong centrality dependence 

    indicates increase of the source size 

    in more central collisions 

Results: Coalescence 
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B2 is related to the size of the 

 particle emission source: 

B2 @ 1/Veff 

 No substantial decrease of  the 

     coalescence parameter for anti-d 

     from SPS to RHIC 

 

 The transverse size of  the 

emitting  source at kinetic freeze-

out  depends only weakly on the 

collisions energy in this domain 

Results: Coalescence (2) 
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 Measurements of (anti)deuterons in 23% central at 158A GeV 

are presented 

 

  Shapes of pT-distributions for d and dbar are similar up to 

     pT = 0.9 GeV/c. dbar/d ratio agrees to thermal model 

      predictions and weakly depends on centrality 

 

  Freezeout (coalescence) volumes for (anti)clusters change 

gradually from SPS to RHIC 

             SUMMARY  
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The NA49 collaboration 



Thank you 

 for your attention! 


