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Il HayuHo-uctpakxuBauku pe3yiaratu (mpuior 1 u 2 npaBUIHUKA):

1. Monorpaduje, MoHOrpadcCke cTynuje, TeMaTcKu 300pHUIIN, JIEKCUKOTpadceke u
kaprorpadcke mybnukaiije melhynapoaHor 3Havaja (y3 1oHomeme Ha yBua) (M10):

0poj BPEIHOCT  YKYITHO
M1l =
M12 =
M13 =
M14 =
M15 =
M16 =
M17 =
MI18 =



2. PamoBu 00jaBibeHN Y HAYYHUM Yacomucuma MehyHapoaHor 3Hadaja (M20):

0poj BPEIHOCT  YKYITHO
M21a= 11 10 110
M21 = 14 8 112
M22 = 11 5 55
M23 = 1 3 3
M24 =
M25 =
M26 =
M27 =
M28 =
3. 306opHuim ca MmehyHapoaHux HayqHux ckyrnosa (M30):

0poj BPEIHOCT  YKYITHO

M31 = 4 3.5 14
M32 = 18 1.5 27
M33 = 15 1 15
M34 = 20 0.5 10
M35 =
M36 =

1l KBaguTaTuBHA OLleHA HAYYHOT J0NpHHOCca (MpUJIor 1 npaBUIIHUKA):

1. KBaauTer Hay4yHHX pe3yJiTara
1.1. Hayynu HUBO ¥ 3Ha4yaj pe3yJrara

During the last fifteen years Dr. Pasi Huovinen has published 37 scientific papers in peer-
reviewed international journals. Of these papers 11 belong to category M21a, 14 to M21, 11
to M22 and one to category M23. The total impact factor of these works is 127.857. In
addition, in that period, Dr. Huovinen has been one of the authors in 57 talks in international
workshops and conferences. 22 of these were by invitation.
In chronological order, the five most significant works of Dr. Huovinen during the last fifteen
years are:
1. Pasi Huovinen and Denes Molnar,
“The Applicability of causal dissipative hydrodynamics to relativistic heavy ion
collisions,"
Phys. Rev. C79, 014906 (2009); doi:10.1103/PhysRevC.79.014906
(IF 2009: 3.477, SNIP: 1.88, 106/110/107 citations)
2. Pasi Huovinen and Peter Petreczky,
“"QCD Equation of State and Hadron Resonance Gas,"
Nucl. Phys. A 837, 26-53 (2010); doi:10.1016/j.nuclphysa.2010.02.015
(IF 2010: 1.986, SNIP: 0.83, 357/352/334 citations)
3. Harri Niemi, Gabriel S. Denicol, Pasi Huovinen, Etele Molnar and Dirk H. Rishcke,
““Influence of the shear viscosity of the quark-gluon plasma on elliptic flow in
ultrarelativistic heavy-ion collisions,”



Phys. Rev. Lett. 106, 212302 (2011); doi:10.1103/PhysRevLett.106.212302
(IF 2010: 7.622, SNIP: 2.89, 179/178/150 citations)

4. Harri Niemi, Gabriel S. Denicol, Hannu Holopainen and Pasi Huovinen,
“"Event-by-event distributions of azimuthal asymmetries in ultrarelativistic heavy-ion
collisions,”

Phys. Rev. C87, 054901 (2013); doi:10.1103/PhysRevC.87.054901
(IF 2013: 3.881, SNIP: 1.89, 141/144/133 citations)

5. Jussi Auvinen, Kari J. Eskola, Pasi Huovinen, Harri Niemi, Risto Paatelainen and Peter
Petreczky,

““Temperature dependence of eta/s of strongly interacting matter: effects of the
equation of state and the parametric form of (eta/s)(T),"

Phys. Rev. C102, 044911 (2020); doi:10.1103/PhysRevC.102.044911

(IF 2017: 3.304, SNIP: 1.26, O citations)

As typical of the candidate‘s works, the first paper is a collaboration of specialists of two
different subfields, Prof. Molnar being a specialist in kinetic theory. In this paper the
candidate and his collaborator compared dissipative fluid dynamics and transport theory in
detail, and showed that if shear viscosity coefficient over entropy density ratio, n/s, is very
low, fluid dynamics is an applicable description of heavy-ion collisions. The reports of the
quark-gluon plasma formed in these collisions being the most perfect fluid ever observed
were just emerging at that time, and the candidate‘s results were essential in confirming that
these reports were reliable, and not results of using fluid dynamics outside of its realm of
applicability.
In the second paper the candicate teamed up with Dr. Petreczky, a specialist in lattice QCD
calculations. At the time of writing of that paper, the lattice QCD calculations of the equation
of state of strongly interacting matter were hampered by large discretization errors, and
inability to carry out calculations using physical quark masses. Thus the lattice QCD equation
of state was reliable only at large temperatures. The unphysically large quark masses lead to
too heavy pions, and the authros showed that if one evaluates so-called Hadron Resonance
Gas equation of state using these unphysically large pion masses, the result agreed with the
lattice QCD results. Thus they postulated that a reasonable approximation of the physical
equation of state can be obtained using Hadron Resonance Gas model (with physical particle
properties) at low temperatures, lattice QCD result at large temperatures, and connecting
these regions smoothly. Later lattice QCD calculations showed that this postulate had been
correct. The authors provided a set of parametrised equations of state to be used in fluid
dynamical calculations, which became immensely popular. As a result, the focus of fluid
dynamical modeling of heavy-ion collisions shifted from studying the equation of state of
strongly interacting matter to attempts to constrain its transport properties.
Unlike of the first two papers, the authors of the third and fourth paper are all specialists in
fluid dynamics, who all had their appointments at the Goethe University in Frankfurt at that
time. After it had became established that quark-gluon plasma has very low specific shear
viscosity n/s, a question arose how it depends on temperature. In the third paper the authors
found that in collisions at RHIC, the viscosity of hadron gas actually dominates over
viscosity in plasma, which hardly affects any final observable. Only at the full LHC energy
does the viscosity of plasma dominate. This means that extracting the temperature
dependence of w/s is very complicated, but on the other hand, collisions at different energies
clearly probe the properties of strongly interacting matter at different temperatures.



In the fourth paper the authors found that if scaled by their average values, the event-by-
event distributions of the observed momentum anisotropies of the final state particles, and
the event-by-event distributions of the anisotropies of the initial state, are identical, no matter
what the properties of the fluid (equation of state, transport properties). This was a seminal
discovery, since one of the problems of fluid dynamical modeling is that the initial state of
the fluid dynamical expansion is unknown. There are various models to evaluate it, but their
valdity had to be tested by carrying out the whole fluid dynamical calculation, and comparing
to the data. Furthermore, when applied to the calculations, they all lead to slightly different
transport properties of the fluid. The result of this paper provided a strong new constraint to
the initial state models — it is sufficient to evaluate the event-by-event distribution of
anisotropies given by an initial state model, compare to the event-by-event anisotropy data,
and proceed only if they agree. This has helped to significantly constrain the state-of-the-art
models for calculating the initial state, and therefore reduced the uncertainty in the extracted
transport properties of quark-gluon plasma.

In the fifth paper the candidate and his collaborators returned to the topics of parametrised
lattice QCD equation of state, and temperature dependence of n/s. The authors carried out a
sophisticated Bayesian analysis of the data and the results of fluid dynamical modeling. The
advantage of such modeling is that it provides not only favoured values of parameters, but
also statistically meaningful credibility ranges to those values. The authors provided new
parametrisations of the equation of state and showed that even if the favoured values of /s
depend on the equation of state, the difference is smaller than the inherent uncertainty of
those results. Thus all the works in the literature based on by now outdated lattice results are
still valid. Furthermore the authors explored how the assumed parametric form affects the
temperature dependence of /s, and found that their parametrisation lead to slightly larger
minimum value of n/s than in previous Bayesian analyses (with overlapping credibility
ranges). This emphasised the statistical nature of the Bayesian analysis and importance of
the credibility ranges.

1.2 Tlo3uTHBHA HUUTHPAHOCT HAYYHHUX PAJ0BAa KAHAUAATA

According to the Web of Science database, the candiate‘s works written since November
2005 have been cited 2229 times, according to the Scopus database 2235 times excluding
author‘s own citations, and 1967 times if the self-citations by all authors have been excluded.
This is a significant number demonstrating the candidate‘s contribution to the field, and his
recognition among his peers. According to the same databases, the candidate‘s h-index for
these publications is 23/23/22 (Web of Scienece/Scopus excludind autocitations/Scopus
excluding autocitations by all authors). His h-index for his entire career is 31/30/30.

He is included in the World's Top 2% Scientists by Stanford University study.
1.3. [TapameTpH ¥ KBAJIMTET YaCOMMCA

During the last 15 years the candidate has published 37 papers in international journals. Of
these, 11 in category M21a, 14 in category M21, 11 in M22 and one in category M23 (invited
review). All the journals are highly esteemed in the field of ultrarelativistic heavy-ion
physics. The total impact factor of these works is 127.857.



[Tomanu o nogaTHIM OMOTMOMETPH)CKUM MapaMeTprMa pasioBa cy natu y cienehoj radenu:

M21, M22, M23 Nod M CHUIT
YKyIHO 127.857 280 54.73
YcepenameHo 1Mo WIaHKy 3.456 7.568 1.50
YcpeameHo 1o ayropy 43.576 95.570 18.47

1.4. Ctenen caMoCTaJHOCTH M cTemeH ydemha y peanu3anmju pajaoBa y Hay4YHUM
LHEeHTPHUMA Yy 3eM/bU U HHOCTPAHCTBY

In large collaborations like many of the candidate‘s works, it is difficult to pinpoint the main
author, and thus it is commonplace for authors to sign in alphabetical order. For example his
latest publication was initiated by the candidate, the lattice QCD results were provided by
Dr. Petreczky, parametrised by the candidate, the initial state calculation was by Prof. Eskola
and Dr. Paatelainen, the fluid-dynamical calculations were carried out by Dr. Niemi, the
Bayesian analysis by Dr. Auvinen, and the final paper was largely written by the candidate.
In a similar fashion the canddtate has provided crucial inputs to all of his works.

In his scientific work Dr. Huovinen has concentrated on fluid dynamical description of
heavy-ion collsions, and he is consired to be one of the leading experts in the field. His works
have a reputation of being thoughtful, original, and devoid of hype. His reputation is
manifested in the large number of citations of his works, many collaborators and invitations
to talk. In addition, thanks to his expertise in fluid dynamical modeling of heavy-ion
collisions, the candidate was hired by Dr. Magdalena Djordjevic for a project funded by a
prestigious ERC grant.

2. AHraxosaHocT y GpopMHpamy HAYYHHUX KAapOBa

As a principal investigator in Wroctaw, the candidate was responsible for hiring two graduate
students and supervising their work related to the project. However, the candidate could not
be their formal supervisor due to the rules of the University of Wroctaw.

The candidate has given several well received introductory lectures to fluid dynamical
modeling of heavy-ion collisions in various winter and summer schools. During the last
decade these average almost one lecture per year.

The candidate has also been engaged in popularising science through well received popular
lectures at science festifals in Poland.

3. Hopmupame 6poja KoayTOPCKHX paoBa, aTeHATA H TEXHUYKHX pelleha

The candidate‘s publications are based on numerical simulations, and are often results of
collaborations. Of the 37 publications 33 have five authors or fewer, so they enter with full
weight. Two publications have six authors, one seven, and one publication has eight authors.
Taking into account the rules on standardising the number of co-authored works, the
candidate has achieved a total of 337.43 points (346 without standardisation), of which 272.6
points (280 without standardisation) from the M20 categories. These values are way above
the minimum quantitative requirements for election to a Principal research Investigator,
which prescribe a total of 140 points, and 70 from the M20 category.



4. PykoBoheme npojekTuMa, NOTHPOjeKTUMA U MPOjeKTHUM 3a]auMa

During his appointment at the University of Wroctaw, the candidate was the Principal
Investigator of the project ,,Dissipative properties of strongly interacting matter formed in
heavy-ion collisions* funded by National Science Center (NCN), Poland, with Polonez grant
2015/19/P/ST2. As pricipal investigator, the candidate managed the whole project.

5. AKTMBHOCT Y HAYYHUM M HAYYHO-CTPYYHHMM JPYLITBHMA

The candidate has participated in organising four workshops in heavy-ion physics, two in
Germany, and two in Italy, and he was the main organiser of one of them.

He is a referee for several international journals, and has received both the APS outstanding
referee award, and the Physics Letters B ,,Outstanding Contribution in Reviewing* award.
He is also a frequent reviewer of project proposals for three funding agencies.

6. YTnnaj Hayuynux pesyJjarara

The impact of the candidate‘s scientific results was discussed in Section 1 through analysis
of the significance of the papers, their impact factors and the citation count.

7. KoHkpeTaH AONPUHOC KAHAUAATA Y peaiu3alMju PaJoBa Y HAYYHUM LEHTPUMA Y
3eMJbH M HHOCTPAHCTBY

Dr. Pasi Huovinen has contributed significantly to every work in which he has participated,
and due to his expertise in fluid dynamical modeling in general and equations of state in
particular, these works would not have been completed without him. In the context of fluid
dynamical modeling of heavy-ion collisions he has provided important insights in the validity
of fluid dynamics, appropriate equation of state, temperature and chemical potential
dependencies of shear viscosity coefficient, and technical details of so-called freeze out (or
particlization).

The breadth of the candidate‘s international network of collaborators and connections is
demonstrated by the large number of co-authors of his papers extending all around the world.
He has ongoing projects with Dr. Petreczky (BNL, USA), Prof. Rischke (Frankfurt,
Germany), Profs. Redlich and Sasaki (Wroctaw, Poland), and Prof. Eskola and Dr. Niemi
(Jyvaskyla, Finland). He has been employed by several universities and research institutes,
and consequently his work has been carried out in many countries.

8. YBoaHa npenaBama Ha KOH(epPeHIHjaMa 1 IPyra npeiaBama mno no3usy.

In the period of last fifteen years the candidate has given 22 invited talks, i.e. more often than
once a year. Four of these talks were recorded as proceedings, and one of them was a plenary
talk at the second International Conference on Particle Physics and Astrophysics (ICPPA
2016). He is a regular invitee to the Exited QCD series of workshops, and has given several
talks at workshops organised at Brookhaven National Laboratory and at GSI, Darmstadt. All
of this demonstrates his significant international visibility.



IV Ouena 0 Hay4yHOM JONPHHOCY KAHIUIATA ca 00pa3I0KeHeM:

Pesyntatu ap Ilacm XyoBuHeHa cy 00jaBJbeHH Yy BEIMKOM OpOjy EMHHEHTHHX
MehyHapogHMX dYacomuca. Y HCTpaXHBamy OJUCKO TMpaTh pe3yiTare BeIMKHX
eKCIIepUMeHaTa, HheroBa TeOpHjcKa mpenBub)ama Cy BHUILECTPYKO MOTBpheHa, W pasoBu
UTHPAHH Y 3aBUIHOM OpoOjy. 3Ha4aj BEroBUX pe3ysiTaTa UCTHYE U YMEHCHUIIA J1a je BUIIC
myTa MO3WBAaH Ja MPEACTaBH CBOj paj Ha BojaehMM cBeTCKMM KoH(pepeHIujama, Kao u
noOujeHe Harpajae TOKOM HaydyHOHMCTpakMBauke kapujepe. JlomatHo, yBpiiheH je mehy
JIeCeT HAjIUTUpaHUjuX HaydyHuka y CpOuju Ha CBETCKO] paHT JUCTH HaydHuka CtaHdopn
YHHUBEP3UTETA.

Wmajyhu y Buay 3nauajan gonpunoc ap [lacu XyoBuHeHa obnactu GU3MKe TEUIKUX jOHA,
BEJIMKO MCKYCTBO M YIJIe[ y OBOj OOJNIacTH, Kao M OCTBAapeHy 3HadajHy MmehyHaponaHy
capajmby, MHUIUBCHA CMO Ja je KaHAWAAT JOCTHUrao BHCOKY HAydHY 3pelocT |
UCTpaXMBAa4YKy KoMIleTeHIjy. Ha ocHOBY moparaka W3 M3BelITaja MOXKE c€ BUJIETH Ja
BUIIECTPYKO 3a/I0BOJbaBa CBE KBAJUTATUBHE M KBAaHTHTATHUBHE YCIIOBE 3aKOHA O
Hay4YHOUCTpa)KuBaukoj fenatHocty Peny6nuke Cpouje 3a u300p y 3Bambe Hay4HU CAaBETHHK.
300r TOra HaM je M3y3€THO 3al0BOJHCTBO Ja npemyiokumo Hayunom Behy WucTtuTyTa 3a
¢usuky y beorpany na yrBpau npeasor aa ce np. [lacu XyoBunen usabepe y 3Bambe HaydHH
CaBETHHK.

HPEACEJHUK KOMUCHJE

ap Marnanaena Bophesuh
HAY4YHH caBeTHUK, MHcTHTYT 32 pusuky y beorpany

V¥ Beorpany, 29.12.2020. ronune



MHUHHUMAJIHU KBAHTUTATUBHU 3AXTEBU 3A CTULHAIBE
MNOJEJUHAYHUX HAYUYHUX 3BAIBA

3a npupoaAHO-MaTeMATHYKe H MeIMLIMHCKE CTPYKe

JudepeHnujamtu ycioB-
On mpBor m30opa y MPETXOJHO 3BambE JI0
n30opa y 3Bame.

MoTpeOHO je Ja KaHIuAaT UMa HajMame X X MOocHa,
Koju Tpeba ia mpumnajajy cienaehum kaTeropujama:

Heonxoauo
XX=

OctBapeHo

Buiu HAYYHHU CABE€ETHUK
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HOPMHPaH

0)
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