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Physics motivation. Why are lepton pairs an ideal probe?Physics motivation. Why are lepton pairs an ideal probe?

 Medium modifications of hadrons:
 In-medium mass shift
 In-medium broadening
 Or both

e-

π+

π-

γ*

ρ

e+

10 20 30
t  [fm/c]

≈ 10 fm/c

 Advantage:Advantage:
 Sufficiently short life time

  decay at least partially inside the hadronic medium
  Decay channel into lepton pairs

  no strong final state interaction
  reconstruction of in-medium properties possible
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Experimental challenge!Experimental challenge!
 Vector mesons are rare probe:
     1 VM per 1-10 Million reactions!
 Large background π0  γγ (BR 99%)
				π0  γe+e- (BR 1%)
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Overview of heavy-ion experimentsOverview of heavy-ion experiments
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DLS at the Bevalac:  eDLS at the Bevalac:  e++ee-- pairs pairs

DLS at the Bevalac  (1987-1995)
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DLS at the Bevalac:  eDLS at the Bevalac:  e++ee-- pairs pairs

DLS at the Bevalac  (1987-1995)

Calculation: E.LBratkovskaya et al.
          nucl-th/9809056v2

Calculation: Ernst et al.
PRC 58 (‘98) 447

1 AGeV

Calculation:  C. Fuchs et al. 
Phys. Rev. C68  (2003)  014904
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DLS at the Bevalac  (1987-1995)

Calculation: E.LBratkovskaya et al.
          nucl-th/9809056v2

Calculation: Ernst et al.
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1 AGeV

Calculation:  C. Fuchs et 
al. 
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  DLS puzzle! 
→ Are DLS data wrong ?
→ Or something important is missing in the theory ?
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The HADES spectrometerThe HADES spectrometer

Geometry
Six sectors form a hexagonal frustum:
•  2π in 2π in φφ  
•  181800 <  < θθ < 85 < 8500  
•  Pair acceptance ≈ 0.35  

Tracking
Superconducting toroid  magnet (6 coils)

• Bmax = 0.7 T
MDC (multiwire drift chamber)

Lepton Identification
RICH , TOF & PreSHOWER

Trigger  
LVL1: particle multiplicity > 3
LVL2: RICH - META correlation

Total statistics
650M  LVL1 events1 m

Querschnitt
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Completed RunsCompleted Runs

Upgrade RPC, DAQ2008/9

Status/CommentA + Ap, d, π - inducedPhysics 
Runs in…

Hades goes FAIR (8 AGeV)> 2011

Au + Au2011

π + N, A2010

PlannedNi + Ni2009

p + A  3.5 GeV2008

… online results!p + p 3.5 GeV

d + p 1.25 AGeV

2007

Analysis ongoingp + p 1.25 GeV2006

Analysis ongoingAr + KCl 1.75 AGeV2005

Analysis finishedp + p 2.2 GeV2004

Published!C + C 1 AGeV2004

Published!C + C 2 AGeV2002

Analysis ongoing
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Experimental dilepton spectrum before efficiency correctionExperimental dilepton spectrum before efficiency correction

~ 2300023000  Se+e-, full Mee range

~   20002000  Se+e-,  Mee > 0.15 GeV/c2

Combinatorial Background
 Mee<0.15GeV/c2: Same event like-sign

 Mee > 0.15GeV/c2 : Event mixing

Spectrum normalization:

to total number of events 
and to π0 multiplicity: Nπ0 = (Nπ+ + Nπ- ) / 2  
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mid-rapidity mid-rapidity

Direct Comparison of HADES with DLS DataDirect Comparison of HADES with DLS Data

 Different phase space coverage of HADES and DLS

 Projection of HADES data onto the DLS acceptance & extrapolated to the 
region  where HADES has no acceptance
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DLS Data: R.J. Porter et al.: 

Phys.Rev.Lett. 79 (1997) 1229 
J. Carroll – presentation
International Workshop on Soft Dilepton Production
August 20-22,1997, LBNL

Direct Comparison of HADES with DLS DataDirect Comparison of HADES with DLS Data

Direct Confirmation of DLS 
results
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Comparison of the data  with generated cocktail Comparison of the data  with generated cocktail 

•Cocktail A:    π0 + η + ω    
       “long lived components“

Event generator PLUTO : 
•Thermal source (T=80MeV)
∀π polar angle distribution from 

charged π analysis
•η taken from the published data 

(TAPS)
•ω   :   m⊥⊥ -scaling 

systematic errors:systematic errors:

11 % -  π0 normalization
10 % - combinatorial background
15 % - efficiency correction 
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Comparison of the data  with generated cocktail Comparison of the data  with generated cocktail 
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Event generator PLUTO : 
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∀π polar angle distribution from 

charged π analysis
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•Δ scales with π
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11 % -  π0 normalization
10 % - combinatorial background
15 % - efficiency correction 

Large 
Excess
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Comparison of the data  with generated cocktail Comparison of the data  with generated cocktail 

Quantify the pair excess 

 Determination of the excess
    above the known η-yield (TAPS)

Excess yield in the range of
0.15 < Mee < 0.55 GeV/c2  seams to be 
constant in case of both beam energy.  
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Energy dependence of the excess yieldEnergy dependence of the excess yield

HADESHADES

Photon data

R. Averbeck et al., TAPS Col., Z.Phys. A 359  (1997) 65
R. Holzmann et al., TAPS Col., Phys.Rev. C 56 (1997) R2920 

Excess: pair yield above known η-yield (TAPS)
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Energy dependence of the excess yieldEnergy dependence of the excess yield

HADESHADES

Excess: pair yield above known η-yield (TAPS)

Photon data

R. Averbeck et al., TAPS Col., Z.Phys. A 359  (1997) 65
R. Holzmann et al., TAPS Col., Phys.Rev. C 56 (1997) R2920 

Excess dilepton yield do not scale 
with Ebeam like eta production!



HQ08, Aspen Lodge, Colorado, USA  Małgorzata Sudoł

Energy dependence of the excess yieldEnergy dependence of the excess yield

HADESHADES

Excess dilepton yield seems to scale 
with Ebeam like pion production!

  hints at importance
       of pion dynamics!

Excess: pair yield above known η-yield (TAPS)

Photon data

R. Averbeck et al., TAPS Col., Z.Phys. A 359  (1997) 65
R. Holzmann et al., TAPS Col., Phys.Rev. C 56 (1997) R2920 

Radiation from baryonic resonances?  
    Need for a quantitative 
understanding of elementary processes
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Comparison with up-to-date Transport Calculations -HSDComparison with up-to-date Transport Calculations -HSD  

 Dominated by Δ-Dalitz decay and Bremsstrahlung
 Factor 2 difference at Mee ≈ 0.4 GeV/c2   additional contributions

DLS Data: R.J. Porter et al. 

Phys.Rev.Lett. 79 (1997) 1229DLSHADES
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Hades CC@1AGeV

IQMD: M. Thomère et al.

Phys.Rev.C75 064902 (2007) and private communication

HSD: E.L. Bratkovskaya and W. Cassing

arXiv:0712.0635v1 and private communication

Comparison of HADES and DLS data with IQMDComparison of HADES and DLS data with IQMD calculations calculations

Hades CC@2AGeV
M.Thomere et al., PRC 75 (2007) 064902
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Outline and ConclusionOutline and Conclusion
    ConclusionConclusion
  HADES + DLS:  enhancement scales with beam energy 

    as pion production
 HADES confirms the DLS results 

 DLS puzzle is solved experimentally  

  HADES will soon finalize set of the elementary data
     which will put boundary conditions for the theory.
  
A lot of theoretical effort is made up to now to explain
     HADES and the DLS data. 

  OutlineOutline
•Further systematic studies in progress (system size, centrality, beam energy)

•pA and heavy AA to investigate in-medium effects
•Elementary reactions

> 2011 Hades at FAIR (8 AGeV)
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Collaboration
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Extrapolation of Hades DataExtrapolation of Hades Data

2 2
0 1 2 1/ 21/ / exp( ( ) )t t tP d N dPdy c c P c y y€    Fit:

 Efficiency- and acceptance-corrected pairs (HADES exp. data)
 Fit 2d functions
 using resulting fits to extrapolate (extrapolation in excess region ≤ 25%)

Mee < 0.15 GeV/c²  0.15 GeV/c² ≤ Mee ≤ 0.55 GeV/c²
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Comparison C + C 2GeV to transport calculationsComparison C + C 2GeV to transport calculations

Calculation: IQMD
M.Thomere et al., PRC 75 (2007) 064902

Calculation: HSD
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E.Bratkovskaya, ECT Trento 2007


