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¥ Several physical effects are density driven , e.g.

¥ the broadening of  vector meson spectral functions

¥ the chiral phase transition

¥ the phase transition to the quark gluon plasma

¥ Quarkyonic matter (?)

¥ ...

Motivation



¥ Before including those density-driven effects into theoretical 
models one should check: 

¥ the maximum density which is reached in heavy ion 
collisions

¥ the behaviour of  the system without  any medium effects

¥ from what stage is the information one can gather 
experimentally  from?

Motivation



The model - UrQMD

¥ Ultra Relativistic Quantum
   Molecular Dynamics.

¥ Non equilibrium transport model.

¥ All hadrons and resonances up to 
   2.2 GeV included.

¥ Particle production via string 
   excitation and -fragmentation.

¥ Cross sections are fitted to 
   available experimental data or calculated via detailed 
   balance or the additive quark model.

¥ Does account for canonical suppression.

Bratkovskaya, Bleicher et al., Phys.Rev.C69:054907,2004 

No explicit implementation of  in-medium modifications!



Dilepton sources in UrQMD

¥ Dalitz decays

¥ ! 0, ! , ! Õ, " , #  

¥  Direct decays

¥ $, " , %

Dalitz decay (vector meson)             (pseudoscalar meson)

Dalitz decay ( # )                               Direct decay
L.G. Landsberg,  Phys.Rept.128:301-376,1985 
P. Koch, Z. Phys. C57:283-304, 1993
K. Schmidt, E.Santini, S. Vogel, C. Sturm, M. Bleicher, H. Stšcker, submitted, arXiv:0811.4073
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Gain/Loss terms

¥ Resonances can stem from two processes

¥ Collisions   (e.g.                   )

¥ Decays  of  heavier resonances   (e.g.                                   )

¥ Resonances can be destroyed by two processes

¥ Decays   (e.g.                       )

¥ Absorption   (e.g.                                 )

!! ! "

N !
1520 → N + !

ρ ! e+ e!

N + ! → N !
1520



Gain/Loss rates of      mesons
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ρ
SiS energies: Most gain from decay
AGS and FAIR energies: More gain from collisions
In the early stage - loss by absorption dominant
Decays set in in the late stage



Integral values
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Consistency check: Sum of  gain and collision agree
Difference gives the number of  resonances in the 
system



Density distribution
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Resonance decays do not reach out 
very high in density, most resonances 
are being absorbed at high density



Dilepton approaches

1) Shining

¥ Evaluate lifetime of  the resonance, weight accordingly

2) Full weight only when resonance decays - ignore
   absorbed resonances

¥ Weight decayed resonance with vacuum width / BR

3) Full weight when absorbed/decayed

¥ Weight all decayed/absorbed resonances with vacuum width / BR
(most optimistic approach)



Dileptons

Even in the most optimistic approach dileptons
only reach out to 2-3 $0

Shining approach only reaches out to 1-2 $0 



Summary

¥ Experimentally reconstructable resonances might not be very 
sensitive to the high density region. ( rescattering )

¥ This is even the case for dileptonic decay channels. ( small 
weight due to fast re-absorption )

¥ The analysis of  dileptons is dependent on the theoretical 
approach one chooses, but even in the most optimistic 
approach one is not very sensitive to the high density region. 
(might be a feature of  the transport code, comparison of  
different models with same dilepton routine?)



Outlook

¥ Explore what fraction of  reconstructable resonances originate 
from the high density region.

¥ How can we increase that fraction?

¥ Check for in-medium effects, e.g. altering the vector meson 
spectral functions.  
Does it change the reach into higher density?



Outlook

¥ Explore what fraction of  reconstructable resonances originate 
from the high density region.

¥ How can we increase that fraction?

¥ Check for in-medium effects, e.g. altering the vector meson 
spectral functions.  
Does it change the reach into higher density?

Thanks!



Backup

BACKUP SLIDES



Dilepton via shining

Heinz and Lee, Nucl.Phys.A544:503-508,1992 
Ko and Li, Nucl.Phys.A582:731-748,1995

¥ Dileptons are emitted throughout the whole resonance 
evolution (Òtime-integration method Ó or Òshining Ó)

¥       Resonances do not have to decay to emit dileptons!

Pictures from: 
http://www.th.physik.uni-frankfurt.de/! brat/hsd.html

http://www.th.physik.uni-frankfurt.de
http://www.th.physik.uni-frankfurt.de


Density calculation

¥ Local baryon density is the zeroth component of  the 
baryon four-current                              when the baryon is at 
rest

¥ UrQMD calculates in the Computational Frame (CF), which 
is usually the CMS (due to symmetry)

¥                                           can be calculated as a sum over 
Gaussians 
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Density calculation

¥ Lorentz-transform the CF density to the frame where the 
three-current vanishes (Eckart frame)

¥ The zero-component of  the transformed four-current is the 
relevant density
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Rescattering

¥ Since hadronic decay products interact with the surrounding medium, experiments cannot reconstruct 
all resonances (in hadronic decay channels).

¥ All spectra one observes by reconstructing hadronic decay products are altered by the hadronic
   medium!

¥ Which is usually why one prefers dileptons (which do not seem that favourable either...).
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late stage all stages



nucleon ! " # $ %
N938 ! 1232 " 1116 # 1192 $1317 %1672

N1440 ! 1600 " 1405 # 1385 $1530

N1520 ! 1620 " 1520 # 1660 $1690

N1535 ! 1700 " 1600 # 1670 $1820

N1650 ! 1900 " 1670 # 1775 $1950

N1675 ! 1905 " 1690 # 1790 $2025

N1680 ! 1910 " 1800 # 1915

N1700 ! 1920 " 1810 # 1940

N1710 ! 1930 " 1820 # 2030

N1720 ! 1950 " 1830

N1900 " 1890

N1990 " 2100

N2080 " 2110

N2190

N2200

N2250

The model - UrQMD



0−+ 1−− 0++ 1++

! " a0 a1

K K∗ K∗
0 K∗

1
# $ f0 f1

#′ % f∗0 f ′1
1+ − 2++ (1−−)∗ (1−−)∗∗

b1 a2 " 1450 " 1700

K1 K∗
2 K∗

1410 K∗
1680

h1 f2 $1420 $1662

h′1 f ′2 %1680 %1900

The model - UrQMD
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Only resonances that decay at low density
are reconstructable
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Baryon resonances @ production
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Density evaluated at point of  production
At higher density resonances become 
more reconstructable again (p T effect?)
Roughly scales with lifetime of  the resonance



Baryon resonances @ production
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pT cut applied (p T > 2GeV)
ÒReconstructabilityÓ increases at higher density
Problem: High p T resonances might not be the 
most interesting to study
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At low energies (~2 AGeV) 
contributions from baryon 

resonance decays are dominant.

Especially the N* 1520  contributes 
via the decay chain

N*1520 &  N + $
 $ &  ! +! - or $ &  e+e- 

to the low mass part of  the $ 
meson mass spectrum. 

SV, M. Bleicher, Phys.Rev.C74:014902,2006
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Dilepton sources in UrQMD

Pseudoscalar mesons:

Vector mesons:
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Direct decays:

L.G. Landsberg,  Phys.Rept.128:301-376,1985 
P. Koch, Z. Phys. C57:283-304, 1993



dNe+ e−
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L.G. Landsberg,  Phys.Rept.128:301-376,1985 
P. Koch, Z. Phys. C57:283-304, 1993

Dilepton sources in UrQMD

#  baryon:



Dilepton spectra

Certainly not a perfect fit, yet 
doing better than the hadronic 

cocktail.

CERES Collaboration, Nucl. Phys A 774, 43, 2006
D. Schumacher, diploma thesis, 2006



Dilepton spectra

The comparison to the data gives 
a reasonable explaination of  the 

400-600 MeV region. 

Note: No explicit in-medium 
modifications have been 

implemented.

HADES collaboration, Phys. Rev. Lett.98, 052302, 2007
D. Schumacher, S.Vogel, M. Bleicher, in preparation



$ meson at higher energies
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At higher energies the 
contribution from baryonic 
resonance decays become 

less important.

Note: All curves 
normalized to the 

770 MeV point.



$ meson at higher energies

Due to the dependence 
on the baryon density the 

mass of  the $ meson is 
rapidity dependent.

The $ meson mass drops 
towards higher rapidity.



|M (m3, m4)|2 = A
1

(m4 ! m3)2(m4 + m3)2

N N ! N N ! , N ∆! , ∆∆, ∆N ! , ∆∆!

Cross sections 

! 1,2! 3,4(
!

s) " (2s3 + 1)(2s4 + 1)
< p3,4 >
< p1,2 >

1
!

s
|M (m3, m4)|2

Global fit with the same kind of  
matrix element for 5 channels

Data from elementary 
reactions are needed as an 
input into theory! (HADES?)



|M (m3, m4)|2 = A
1

(m4 ! m3)2(m4 + m3)2

N N ! N ! 1232, N N ! , N ! ! , ! 1232! 1232, ! 1232N ! , and ! 1232! !

Cross sections 

! 1,2! 3,4(
!

s) " (2s3 + 1)(2s4 + 1)
< p3,4 >
< p1,2 >

1
!

s
|M (m3, m4)|2

Global fit with the same kind 
of  matrix element of

Data from elementary 
reactions are needed as an 
input into theory! (HADES?)

N N ! N N ! , N ! ! , ! 1232! 1232, ! 1232N ! , and ! 1232! !

parametrized via 



m! = m! (1 ! 0.15
! B

! 0
)

$ meson at higher energies

The $ meson mass drops 
towards lower transverse 

momentum.
BR:
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Breit-Wigner

2-3 orders 
of  magnitude!

From pole to 2.2 GeV the Breit-Wigner provides a 
difference of  2-3 order of  magnitude!


