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Mi isaz a kvark-gluon plazma ?

A Reészecskefizika Standard M odellj e szerint:
Erds kh. + Elektrogyenge kh. [SU(3) x SU(2) x U(1)]

A\

Kvarkok 6 izzel —u,d,s,c,b,t

Gluonok kozvetitik a kdlcsonhatast

SU(3) Yang-Millstérelméet (1973)

futd csatolas allando
aszimptotikus szabadsag

22, 2.~

QGP: Nagy ener giagir#isegen (magas hdmér sékleten)
kOzel szabad (kisintenzitassal kolcsonhato)

kvarkok, antikvarkok és gluonok
alkotta anyag.

Egykori eléfordulasa: az Univerzum korai szakaszaban
(a psec idoskalan)



51qiss0d

Inflation

b=y
W >{1ep

3!

{93¢

-4
2
—

fe)

[

Ke)/: W, Z bosons IV\, photon

qc meson
q quark star

g gluon @ ® baryon :
€ electron &8 ion K galaxy

Mhuon ttau o black
N neutrino atom N
hole

Particle Data Group, LBNL, © 2000. Supported by DOE and NSF




Hol éshogyan keressiink kvark-gluon plazmat napjainkban?

1. Asztrofizikal objektumokban:
Nagytomeg neutroncsillagok kvarkanyag maggal,

2. 2.~

ahol elegendden nagy lesz a SIriség.
--- pulzarok ms-osforgas idével
--- y-Kitorések, mint a csillagmér etd
kvar kanyag/hadronanyag atalakulasjelei

2. Laboratoriumi kortlmeények kdzott a Foldon.

Nehézionok nagy energiaval valo UtkOztetése.
- Berkeley,  1970-85 HILAC + BEVATRON 2A GeV

--- Brookhaven, 1986-1996 AGS 12 A GeV
2000-2012 RHIC 200 A GeV
--- CERN/Genf, 1986-2000 SPS 20 A GeV

2010-.... LHC 5500 A GeV



Relativisztikus nehézion Utk 6zések: 1980-2000

BEVALAC E(lab) =1 GeV/A

8
CERN SPS E(lab) = 158 GeV/A

Q: Osszedirithetd-e a maganyag?
L étrejon-e extrém allapot?

o=s A Erédsmegallas jelenséeg!!!
e Sok-sok Uj részecske keletkezik!
g
Termikus egyensulyra utalo
r észecsk eel 0szl asok
5 Termodinamikai,
hidrodinamikai
|eir asok sikere

Nagy kerdés. Kimosodik-e minden informacio
a kvark-gluon plazmérdl (ha egyaltalan keletkezik),
vagy tudjuk azonositani a QGP megjelenését ?
Valasz: A QGP » hadronanyag atalakulas mikroszkopikus leir asa

Kvark-koaleszcencia modellek.



A nehézion Utkozesek egyensulyi és nem-egyensulyi leirasa
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Csizmadia Péter legfontosabb nehézionfizikai munkai:

A QGP kemiai kifagyasa utani hadroneloszlasok:

temperature T [MeV]
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MICOR

A termikus kifagyashoz elérkez hadronok eloszldsa: GROMIT



Csizmadia Péter (1972) = SPS fizika (1994-1999)

1994;
1995 Nov:

1996 Jun.:

1996 Szept.:

1997 Jan.:
1998 Jul.:
1998 :

1999 :

1999 Szept.:

Elsé taldlkozds a nehézionfizikdval (I11.éves)
ELTE TTK TDK dolgozat:
“Koaleszcencia kvarkanyagban”
ELTE TTK Fizikus Diploma (Msc):
“A kvarkanyag hadronizdcidja”
MTA KFKI RMKI Elméleti Fizikai Foosztdly
MTA Ifju kutatéi dllds
Elso angol nyelvii eloadds — XXV. Hirschegg Int. Worksh.
Elso utja az USA-ba — RHIC'98 Summer School, BNL
Elso referdlt cikk — hidrodinamika, egzakt megolddsok
Cs.P., Csorgo T., Lukdcs B., PLB443, 21
Cikkek kvark-koaleszcencia témakorben
CS.P, L.P., Vance, Biro, Gyulassy, Zimdnyi, JPG25,321
CS.P, L.P, Phys. Rev. C61, 031903 — MICOR model
Tudomdnyos munkatdrsi kinevezés az RMKI-ban



Az els6 publikdlt kvark-koaleszcencia eredmények:

I Phys. G Mocl Pan. Piovs. 250159499 321-330 Prinisd in the UK P Sy~ 3 e oo -

Strange hyperon and antihyperon production from quark and
string-rope matter

P Csizmadiat, P Lewaiti, 8 E Vances, T 8 Birot, M Gyulassy? and

1 Fimanyit

1 KFEI Research Insticois bor PFanicle and Nuclear Physics, FO Box 49, Budapese, 1525, Hungary
+ Depanmert af Fhysics, Columivia Universicy, Mew York. WY, 10027, USA

Hecelved 11 Nowemhber 15915

AlElroo.  Hyperan ond by peron procuciion is mesiigaisd usig, ooo nems copical models:
(1) the fasi hacronization of qoark matier as given by the ALCOR model; (2) sirfing formation
and fragmenmion a5 in the HUTSCYE model. We leolae tie paick: numbers ox momerum
distributians lor Fh + P collisions al CHERN 5PS ensrglies in order 1o compane the teo models wiih
zach other amdd with mallable sxperimerial dam. e show i thess iwo theaneical spproaches

give similor yiekds for the hypemns, boi sirongly differ for andbyperons.

1. Imbrosdoetion

The quesl 1o produce quark-gluon plasma (QOF) ot the CERM 3PS has reached its final stage
with the Pb+ Pb run at £, = 158 A GeV. Since stangeness enhancement in hoavy ion
collisicns relative to pp collision has been predicied as a QOP signal [, 2], the measurement
of strange and antisirange particles, especially hyperons and anlihyperons, has received much
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c¢h, L1, and p produoction from deconfined matter in relativistic heavy ion collisions

Peter Csizmadia' and Péter Lévai ™
IRMKT Research institute for Particle ard Nwelear Phisics, P.OLE. 49, Budagest, 1525, Hungary
*Physics Department, Columbia University, 538 West 1200k Street, New Yok, New York, 10027
(Reosived 1 Ocbober 1898, published 1 Febmary 2000)

Wi investigate the production of the @ meson and the £ baryon which inberact relatively weakly with hot
hadromic maiter, their specim thus reflecting the carly stage of the heavy jon collisions. Our analysis shoas that
the hadmenization temperature, Ty, . and the ransverse o, |'§'.. al’ the inilial deconfined phase are strangly
cornelaled: ¥ 4 i.T'Ir.II;Iz 025 Ge¥, where = 037 Ge'Voin the Ph+Ph collision al 1584 GeVic, When
chorsing appropriabe initial values of T, and rJ?, from the lemperatore region Ty~ 1755 15 MeV, the
measuped g meson specta was repreduced surprisingly well by the MICOR model. We have Tound weak
influenee of final stabe hadronic inlkemclions on the immsverse hadron spectm al sep— w2003 GeV.
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The MICOR hadronization model with final state
interactions

Péter Crirmedia and Féter Léwvai

AT KFK KENIEL H-152% Budepest 114, POE 49, Homgary

Recebved 3 January 20002
Putlished 19 June 200C
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Ahstrac

Final stabe inkeractions on the hadron specira obained from the Mlzroscopic
Clalesconce Rehadronizatian (MICOR) model are investigoled.  MICOR
eorerale: baryon and meson reecnarces in ou-of-zgquilibriom didribotion.
directly frem quack matier. Al the pext slep. resonances are decayed inko

atokle hadrens |.'|_".' the JETEED cvemt Exmarubar, Then linal simis hieneilom ors



Csizmadia Péter - RHIC fizika (2000-2005) és LHC fizika (2003 - )

2000 Jan: Columbia Univ. New York (2 honap) — Gyulassy M., S. Vance,
Pion-szél problémdja (GCP)
Uj hadron-kaszkdd modell fejlesztése (PSYCHE)

2001 : RHIC Transport Theory Collaboration — S. Pratt, Y. Nara
Sikeres publikdlds (PRC, PLB)
2002 : PhD dolgozat benyujtdasa az ELTE TTK-ra (7 ref. pub.):

“Nagy energiasiriiségi dllapotok kialakuldsdnak
elméleti vizsgdlata nehézion iitkozésekben”
2003 : Sikeres PhD védés az ELTE TTK-n.

2003 - : Szdamoldasok CERN LHC energidkon (ALICE-tanulmadnyok)
Middleware feladatok az ALICE GRID-ben

2005 -: Numerikus relativitdaselméleti kutatdasok — Rdcz 1.

2009 : Tud. fomunkatdrsi kinevezés



The effect of finite-range interactions in classical transport theory

Sen Cheng and Seott Praie
Department of Physics and National Sopercondocting Cyelobron Lakboratory
Michigan State University
Fast Lansing Michigan, 48324

RMEI Research |r..-ui|j::rr§?:f::ii:: and Nuclear Physics / P. hys. Rev. C65 (2002 ) 024901

PO Box 49, Budapest, 1525, Hungary

Yasushi Nara
Riken BNL Research Center, Brookhaven National Laboratory, Uptan, MY 11073

Demes Malnir and Mikles Gyulassy

Department of Physice, Columbia University
Phys. Lett. B531 (2002) 209.

Stephen E. Vance
Physics Department, Breokhaven National Laboratory, Uptan, NY 11973

Bin Zhang
Department of Chemistry and Physics, Arkansas State University
PO P 418, State University, Arkansas 72467-0419
(Febroary 4, 2008)

‘I'he effect of scattering with non-zero impact parameters between comsituents in relativistic heavy jon collisions is investigated.
In salving the rdativistic Boltzmann squation, the characteristic range of the collision kernel & varied from approximately one
M 1o mero whik leaving the mean-free path unchanged. Modifving this range is shown to significantly affect spectra and fow
observables. The dinite rmange is shown to provide effective viscosities, shear, bulk viscosity and heat conduoctivity, with the
viseaus coeflicients heng proportional to the square of the interaction range.

A Study of Parton Energy Loss in Aut-Au Collisions at RHIC using Iransport Theory

Y. Nara
RIKEN-BNL flesearch Cender, Brookhapen Noftonal Letomiory, Uplon, NY

5E. Vance
Plsics Department, Broobboven Notionod Laberafory, Upton, &Y

P. Catzmadia
RMET Researcly Instihie for Porbicle and Nucleor Physics, Badopes), Hengory

Partcm energy los m AotAu collisions at RHIC enecgies is studied by owmerically solving the
refativistic Bolbzmann equation for the partons including 2~ 2 and 2 — 2 + final stale radiation
collision processes. Final particle specbm are obtained vsing fwo hadnomizabion models the Land
string Fragmentation and independent fragmentation meedsls, Reeent, preliminary 7 fransverse
monenturn distritbutoms fram central Ao Au oollisions at RHIC are reproduced using glacm-gloom
scatbering cross secbioms of 5 — 12 mb, depending wpon the hadronization medd, Comparisons with
the HITING jet quenching algorithm are made,



Pionok RHIC és LHC energidn: ALCOR/MICOR +pQCD modell

PQCD + Quark Coalescence at RHIC for pion
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PQCD + Quark Coalescence at LHC for pion
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Egy Pb+Pb Utk6zés
az ALICE ,, mikroszkopban”
(szamitogépes szimulacio)

VHM PID modulok helye




A magyar ALICE-csoport misszigja —MTA KFKI RMKI
Nagy-pT fizika kisérleti vizsgalata, r észvétel az alabbi feladatokban:

--- nagy impulzusl r észecsk €k azonositasa;
--- nagy impulzust hadronok ener giavesztése;
--- jet-rekonstrukcios analizisek;

--- kvark- és gluon-jetek szétvalogatasa;

--- jet-alak (pp és PbPb) analizisek;

--- hadron-hadron korrelaciok analizise;

Kozvetlen részvétel az LHC AL I CE-ben:

--- HMPID detektor mi#kddtetése, adatgylijtés;

--- VHMPID detektor kifelesztése (2012), megépitése (2014)

--- DAQ Uzemeltetése éstovabbfejlesztese

--- ALICE GRID allomas lizemeltetése az RM K |-ban
Csizmadia P. (>»>» Nagy MF)



LHC-GRID terem aKFKI RMKI-ban

ALICE-GRID egység Budapesten --- 1 %
104 CPU [3GHz, 2 GB RAM/CPU]

+ 34 TB HD tarolo kapacitas

Adatok analizise (ALIROOT, ALIEN,...)

Folyamatos szoftver kovetes, rendszerfelesztés
»>» CszmadiaP. »>» Nagy MF.



A magyar ALICE-csoport tagjai: Lévai P. csoportvezeto (2005)

AgocsA.G.* Hamar G.* Pochybova S*

Palla G., Fodor Z., Tolyhi T.*,
Lipusz Cs,, Berényi D.*, Nagy M .F.* Bencze Gy. VargaD.



Csizmadia Péter tudomdnyos munkdssdga nehézionfizikdban:
- 10 év intenziv kutatds
- 22 tudomdnyos kozlemény
- kb. 100 fiiggetlen hivatkozds
- 10 kiilfoldi eloadds nehézionfizikai témakorben
- MICOR, PSYCHE, GROMIT, ...
- GRID

Mindannyiunk szamadra nagyon hianyzik Péter.



Gyulassy M., L.P.,, Cs. P., 2001 — Long Island Beach



