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Important variables in heavy-ion coll.

Rapidity:

Pseudorapidity:

Beam rapidity:
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From y- to eta-space
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Main focus: the fragmentation region
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Limiting fragmentation at RHIC

RHIC data: 
B. Alver et al., Phys. Rev. C, 83, 024913 (2011)

Au-Au collisions
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Limiting fragmentation at RHIC
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Three sources of particle production
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Resulting rapidity distributions
Lorentz-invariant cross-section (exp. observable):

Rapidity distributions for each source:

Total rapidity distribution:
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Underlying PDE

Boltzmann-Gibbs statistics: 
     Maxwell-Jüttner for 

Time evolution via Fokker-Planck equation:

drift diffusion

const. diffusion + drift linear in y = Uhlenbeck-Ornstein process
(equilibrium distr. are Gaussians at midrapidity)
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Need for sinh-drift

Problem: 
Linear drift does not reproduce Maxwell-Jüttner

Solution:

From FDT:

Drift force of the fragmentation sources 
depends on position in y-space (initial conditions).
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Need for sinh-drift

Testing: 
Determine      from peak positions 
and compute      .

Result:
The value will be too small for actual data. 
The formula for      only accounts for 
the diffusive processes and takes not into 
account the collective expansion of the sources.

Therefore we fit the drift coefficient to the data.
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Equilibrium

Equilibrium distribution:

with                    (net baryons for stopping).

All this can now be compared to data!
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Stopping

● Net-proton distributions are 
measured

● No midrapidity source in stopping,
since protons and antiprotons are
produced in equal amounts there

● We use dimensionless FPE:
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How well do the different models work?

BRAHMS stopping data
I. G. Bearden et al., Phys. Rev. Lett., 93, 102301 (2004)

symmetrized

AuAu collission at
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How well do the different models work?

Theoretical value for drift parameter, time like fit
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How well do the different models work?

Theoretical value for drift parameter, time         



2019-07-03 Benjamin Kellers 20

How well do the different models work?

Maxwell-Jüttner distribution
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How well do the different models work?

Equilibrium solution of linear-drift model (analytical)
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How well do the different models work?

Relativistic diffusion model, parameter fitted to data
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Analytical model, linear drift-term
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ALICE data: E. Abbas et al., Phys. Lett. B, 726, 610 (2013)

RHIC data: B. Alver et al., Phys. Rev. C, 83, 024913 (2011)
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Analytical model, linear drift-term
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Can the sinh-model reproduce data?
ALICE data: 
E. Abbas et al., Phys. Lett. B, 726, 610 (2013)

RHIC data: 
B. Alver et al., Phys. Rev. C, 83, 024913 (2011)

ALICE data: 
J. Adam et al., Phys. Lett. B, 772, 567 (2017)

RHIC data: 
loc. cit.

Same data on the next slide.
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Comparison to linear model

Data sources: loc. cit.
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Sinh-model with RHIC-data

RHIC data: 
B. Alver et al., Phys. Rev. C, 83, 024913 (2011)
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Sinh-model with RHIC-data



2019-07-03 Benjamin Kellers 30

Outline

1  Nature of limiting fragmentation

2  Phenomenological three-source model

3  Fragmentation sources in stopping

4  Particle production & limiting fragmentation

5  Conclusion



2019-07-03 Benjamin Kellers 31

Conclusion

● The RDM is compatible with LF from RHIC- to LHC-
energies (spanning a factor of ~260 in energy)

● Linear-drift model works well up until 2.76 TeV, after that 
the modification to sinh-drift becomes necessary to arrive 
at suitable fits

● The fragmentation sources play an essential role in 
heavy-ion collisions, especially for LF

● Thermal model is not suitable to describe LF

● Question is probably only solvable through experiment, but 
that would require a detector upgrade
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