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Student: Jakub Sterba
Opponent: Dr. Marlene Nahrgang, Subatech, France

The diploma thesis treats dynamics of heavy-ion collisions in the energy range of the Beam Energy

Scan at RHIC/BNL. A tension between the experimental results and the theoretical description at sqrt-

s=27GeV for flow and pT spectra in different centralities is the motivation to look at the impact of a pre-

equilibrium transverse expansion. For this goal, Jakub applies the vHLLE hybrid package, which contains

the possibility to combine a fluid dynamical evolution with an initial state and a final state interaction.

The report has a detailed structure with 9 chapters. The first 6 are an overview of the state of the art. It

nicely proves that Jakub has gained a broad understanding of the physics that he investigates - which is

not always the case for diploma/master students. This structure could have been slightly optimized in

order to avoid some redundancies. Chapter 7 gives a motivation for the work performed by Jakub: the

inclusion  of  initial  transverse  expansion.  The implementation of  this  addition to  the  initial  state  is

described in chapter 8 and the results are shown in chapter 9. These results are solid, coherent and

interesting. Some of them would have deserved a longer discussion. The text, although well readable in

most parts, would have benefitted from an additional revision, thus eliminating some typos, unclear

formulations,  and  incorrect  referencing  of  Eqs.  There  are  also  a  couple  of  figures  which  are  not

referenced (nor described in the text) or the order of referencing is wrong. I would have appreciated a

more widespread use of citations, just as one example for the section 3.1.3.2 on the cumulant method

for measuring elliptic flow.

There a couple of statements, that need some clarification:

• P. 20, “It can be seen that for small values of momentum transfer the alpha_s eventually rises up

to values close to unity.” How can this be seen? And why should unity be somewhat the limiting

value at large distances?

• P. 20, “That is why the precision of some of the results includes rather considerable errors, as the

lattice has to be chosen smaller, i.e. the gaps between the cells of the lattice are larger.” - What

results are we talking about? In Fig. 1.1 the only lattice QCD result seems to have small errors

compared to most other points. I also do not understand what it means that the “lattice has to

be chosen smaller” and why therefore the “gaps of the lattice are larger”...

• P. 21, the “critical temperature” here is probably the pseudo-critical temperature at muB=0.

• P. 33, Fig. 3.1.: I assume this is a result produced by Jakub. How is the flow tuned here? As in the

final chapters in the work?

• P. 36 “However, the effect of jets can also be seen in the figure, for pT = 3-6 GeV, which are less

suppressed in the shorter direction of the fireball.” I am not seeing this effect of jets…?

• P. 47, there is no definition of what a flux F is.

• Fig. 9.1 There is talk about a black and an orange line that I do not see on the figure.

Questions for the defense:
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• On p. 39 Jakub writes “Generally, basic assumption for fluid computations are that the system is

composed of many volume elements which contain large number of particles and every volume

element has a different density and collective velocity.”. Given the grid spacing in the hydro

simulations performed in this work, is this “basic assumption” fulfilled? Please elaborate.

• In  Section  5.1  or  earlier  in  the  description  of  the  Glauber  model  or  later  when  IMAGO  is

described, I would have liked an expression on how the initial energy density in the transverse

plane is actually obtained. Is it a smearing of the initial collision points by Eq. (8.6)? What is the

overall strength? Eq. (8.6) is just a normalized Gauss, what sets the amplitude? Is it the same for

all collision points? Does the RDS play a role here, because the discussion in Section 5.1 gives

this impression “This energy deposited might vary from source to source and in order to be able

to observe these fluctuations the relative deposited strength (RDS) is introduced.” Please clarify.

• At LHC and highest RHIC energies the description of flow harmonics seems to work well for a

number of different initial state models. What are the challenges of modeling an initial state of a

heavy-ion collision at lower beam energies? How could the inclusion of initial pT kicks help with

these issues and does one expect a change as a function of the beam energy?

• Is the output of IMAGO mapped to the ideal stress-energy tensor or the viscous one?

• For the results as obtained in Chapter 9, what is the equation of state and what is the shear

viscosity? The result in Fig. 9.1 for the v2 including bulk viscosity looks like a calculation without

shear viscosity. Typically the impact of adding bulk viscosity to an already existing shear viscous

contribution does not affect the v2 a lot. Please explain.

• Please elaborate on this statement “The initial pt kicks rather lead to “hot-spots” which tend to

expand  in  all  directions,  as  seen  in  Fig.8.14.  The  effect  on  the  elliptic  flow  is  then  more

pronounced for less central collisions, as the system is smaller.” Naively one would expect from

this picture that initial flow defined via the pT kicks would lead to a faster dilution of initial state

inhomogeneities thus acting like an additional shear viscosity and thus reducing the v2. How do

the time evolution of the spatial and the momentum eccentricity look like in such a scenario?

The presented research is of very high quality (A), the overall understanding of the subject in broader
terms is also excellent (A). The presentation and the final discussion are between good and very good
(B). I suggest we weigh the first two aspects higher and propose the final mark to be A.
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