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QGP - is a state of matter which exists at extremely high temperature and/or density.

Quark-Gluon Plasma

This state is thought to consist of asymptotically free strong-interacting quarks and
gluons, which are ordinarily confined inside atomic nuclei or other hadrons.
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Hadronization of the QGP
medium at the Chemical

freezeout temperature

» Transition from a deconfined medium
composed of quarks, antiquarks and
gluons to color-neutral hadronic matter

» The partonic degrees of freedom of the
deconfined phase convert into hadrons,
in which partons are confined

No first-principle description

of hadron formation
» Non-perturbative problem, not calculable
with QCD



JL Motivation (1/3)

POLYTECH

v' Measurments of light meson (¢, K*, 1, n, Ks, w) production.
Study the QGP properties depending on the number and flavor of quarks.
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@ Motivation (2/3) PHENIX

POLYTECH
v Baryon Puzzle - Anomalous large ratio of protons (3 quarks) to T-mesons
(2 quarks) yields in Au+Au collisions at /s,y = 200 GeV discovered by
PHENIX
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Baryon puzzle in asymmetric Cu+Au system?

Motivation (3/3)
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m Hadronization

POLYTECH
Recombination
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Phase space at the hadronization is filled with partons

» Single parton description may not be valid anymore

» No need to create gq pairs via splitting/string breaking

» Partons that are “close” to each other in phase space
(position and momentum) can simply recombine into
hadrons

Recombination vs. fragmentation:

» Competing mechanisms

» Recombination naturally enhances baryon/meson ratios at
Intermediate pr
Greco et al., PRL 90 (2003) 202302

Fries et al., PRL 90 (2003) 202303
Hwa, Yang, PRC 67 (2003) 034902
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fragmenting parfon
ph =z'p, with z<1

recomilng rt
Pm= Pg1tPq2
Pe = pq1+pq2":pq3A
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Detectors in the central
spectrometer arms (|n| < 0. 35)

Charged Particle Tracking &

Momentum measurements:
» Drift-Chambers (DC)

|dentification of charged hadrons:
» Tine-of-Flight (TOF) with start signal
from the Beam-Counters (BBC)
Centrality identification:

»BBC detectors (beam-beam
counters)
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Centrality PH CENIX

POLYTECH

Measurements of charged particles Spectators
multiplicity with the BBC (3.0 < |n| < 3.9)

» Centrality characterized by
N, .- Number of nucleons
which suffered at least one
Inelastic nucleon-nucleon
collision
N, Number of inelastic
nucleon-nucleon collisions

Participants » Npgre @and Niop; from

Glauber calculations
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Particle identification

POLYTECH
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 N,, Is the number of events in a
given centrality and p,

- ¢, Is the efficiency of the protons
identification

* N, is the protons raw yield measured
in the given centrality and p;
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» Results at same N, are in quite
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JL p/p ratio in Cu+Au, +/Syy = 200 GeV PHTENIX

POLYTECH

» Results at same N, seem to be in a good
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Light hadron R, in PHENIX
POLYTECH Cu+Au’ '\/SNN — 200 Gev

m rr r [ rrr[1 1 rr 1111 rrr1 1] ; : : .
= 22F CusAu, |y|<0.35, |S,, = 200 GeV ; Observed patterns might indicate:
2F v 7% 0-90% A m,0-90% ¢ ¢,080% 1 ) Baryon Puzzle
1.8F + K3 090% 4+ o, 0-90% A T 0-80%
I 4 K'0-80% m (p+P)/2,0-80% = KO-80% 1 Riz<Rip ,m, =~ m,
1.6 :

This strongly suggests a baryon vs. meson

—~ dynamic, as opposed to a simple mass
1.2 PH <ENIX
"I preliminary dependence
1 M TR ] il """""""""""""""""""""""""""""""""""""""" - *
ml - A K ~ K
0.8 A % k. >RAB ~ Ryp

7%, n published.in PRC98, 0549
Scaling uncertainty from p+p - 9.7%
L L I L L L I L L L I L L L I L L L I L L L I L L
2 4 6 8 10 12
pT(GeV/c)
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» Strangeness enhancement
» Jet quenching

i Mgﬁ E%H ﬁ > Rlp ~ Rz ~ R}
o3 Tt




TT Light hadron R, in PH ENIX
POLYTECH Cu+Au’ \/SNN — 200 Gev

m rr r [ rrr[1 1 rr 1111 rrr1 1] ; : : .
= 22F CusAu, |y|<0.35, |S,, = 200 GeV ; Observed patterns might indicate:
2F v 7% 0-90% A m,0-90% ¢ 9,080% 1 > Baryon Puzzle
1.8F + K3 090% 4+ o, 0-90% A T, 0-80%
I 4 K0-80% = (p+P)/2,0-80% = K0-80% 1 Rip<Rlp ,m, = m,
1.6 :

This strongly suggests a baryon vs. meson

PHCENIX dynamic, as opposed to a simple mass
1.2 |3 preli/?\ninary dependence
- R R N .ﬁ. ------------------------------------------------------ : K* _ oK
0.8 N 1 P Rup = Ryp

7%, n published.in PRC98, 0549
Scaling uncertainty from p+p - 9.7%
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pT(GeV/c)
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» Strangeness enhancement
» Jet quenching

i Mgﬁ E%H ﬁ > Rlp ~ Rz ~ R}
o3 Tt




Light hadron R, in PHENIX
POLYTECH Cu+Au’ '\/SNN — 200 Gev

m rr r [ rrr[1 1 rr 1111 rrr1 1] ; : : .
= 22F CusAu, |y|<0.35, |S,, = 200 GeV ; Observed patterns might indicate:
2F v 7% 0-90% A m,0-90% ¢ ¢,080% 1 ) Baryon Puzzle
1.8F + K3 090% 4+ o, 0-90% A T 0-80%
I 4 K'0-80% m (p+P)/2,0-80% = KO-80% 1 Riz<Rip ,m, =~ m,
1.6 :

This strongly suggests a baryon vs. meson

—~ dynamic, as opposed to a simple mass
1.2 PH <ENIX
.t I preliminary dependence
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1 L ] K ~ K
0.8 i '%' 1 »Rap = Rpp

7%, n published.in PRC98, 0549
Scaling uncertainty from p+p - 9.7%
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» Strangeness enhancement
» Jet quenching

i Mgﬁ E%H ﬁ > Rlp ~ Rz ~ R}
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Light hadron R, in PHENIX
POLYTECH Cu+Au’ '\/SNN — 200 Gev

m rr r [ rrr[1 1 rr 1111 rrr1 1] ; : : .
= 22F CusAu, |y|<0.35, |S,, = 200 GeV ; Observed patterns might indicate:
2F v 7% 0-90% A m,0-90% ¢ ¢,080% 1 ) Baryon Puzzle
1.8F + K3 090% 4+ o, 0-90% A T, 0-80%
I 4 K0-80% = (p+P)/2,0-80% = K0-80% 1 Riz<Rip ,m, =~ m,
1.6 :

This strongly suggests a baryon vs. meson

—~ dynamic, as opposed to a simple mass
1.2 PH?;\%E_le
.t I preliminary dependence
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| PN ] K* .. pK
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» Strangeness enhancement
» Jet quenching

i Mgﬁ E%H ﬁ > Rlp ~ Rz ~ R},
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Light hadron R, in PHENIX
POLYTECH Cu+Au’ '\/SNN — 200 Gev

m rr r [ rrr[1 1 rr 1111 rrr1 1] ; : : .
= 22F CusAu, |y|<0.35, |S,, = 200 GeV ; Observed patterns might indicate:
2F v 7% 0-90% A m,0-90% ¢ ¢,080% 1 ) Baryon Puzzle
1.8F + K3 090% 4+ o, 0-90% A T, 0-80%
I 4 K0-80% = (p+P)/2,0-80% = K0-80% 1 Riz<Rip ,m, =~ m,
1.6 :

This strongly suggests a baryon vs. meson
—~— dynamic, as opposed to a simple mass

PH <ENIX 4 PP P

preliminary dependence

K* _ pK
h >RAB"’RAB

g o ] 2161
" " % i » Strangeness enhancement
1 » Jet quenching

8 !
7%, n published.in PRC98, 0549
Scaling uncertainty from p+p - 9.7%
1 1 I 1 1 I L 1 L I 1 1 1 I L 1

2 4 6 g8 10 12
pT(GeV/c)
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JT Light hadron R,y in PH ENIX
POLYTECH Cu+Au’ \/SNN — 200 Gev

T ] > Strangeness enhancement

m Tt [ttt rrrrrrrrrrrrr
o 22f  Cu+Au, |y|<0.35, \'s,, = 200 GeV

2F v n° 0-90% 4 m,0-90% 4 0,0-80% 7
1.8F + K3 090% 4+ o, 0-90% A T 0-80%

I 4 K'0-80% = (p+P)/2,0-80% == K 0-80%
1.6 _
1.4 .
1.2 PH “ENIX

L preliminary
0.8 -
04 " ol st "'ha‘ ji: M E% T
0.2F 7% 1 published/in PRC98, 054903

Scaling uncertainty from p+p - 9.7%
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Light hadron R,z In

POLYTECH S
Cu+Au, /Syy = 200 GeV
o —r 1 [ 1 rr 1 rrr1rrrr1rrrr1rrrr1 "] " " " .
= 22F CusAu, |y|<0.35, |S,, = 200 GeV ; Observed patterns might indicate:
2F v 7% 0-90% A m,0-90% ¢ 9080% 1 J» Baryon Puzzle
1.8F + K3 0:90% 4+ ©,0-90% A T 0-80%
A K0-80% = (p+P)/2,0-80% o KO-80% ] Riz<Rip ,m, =~ m,
16 This strongly suggests a baryon vs. meson
1.4 ~— ] dynamic, as opposed to a simple mass
1.2 PH: <ENIX
preliminary dependence

Scallng uncertalnty from p+p 9 7%

> "% g8 10 12
pT(GeV/c)
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> Rﬁ ~ Rpp

> Rip ~ Rip ~ Rl ~ Rifp

» Strangeness enhancement
» Jet quenching
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Light hadron R,z In

POLYTECH

g 22 L L L e L '_.
o < Cu+Au, |y|<0.35, \s,, =200 GeV ]
2F v n%0-90% 4 m,0-90% ¢ 9,080%

1.8F * K 090% + o,0-90% 4 m, 0-80%
A K'0-80% = (p+p)/2,0-80% == K0-80% |
1.6 ]
1.4 B
1.2 PH “ENIX
) preliminary

Scallng uncertalnty from p+p 9 7%

> "% g8 10 12
pT(GeV/c)
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Cu+Au, /syy =200 GeV

» Jet quenching

PP A+A
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POLYTECH

Light hadron R,z In

Cu+Au, /syy =200 GeV

m T T
m:: 2.2

2F
1.8F

0.2p
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» This differences gradually
disappear with decreasing
centrality.
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» Scales with N,
» No dependence on collision geometry

17.10.2020 Nucleus - 2020 26

R Rap . R



1T K™ /m™ ratios in Cu+Au,

POLYTECH m — 200 GeV

o |EI'+"+'I""I""I'"‘I""l
= 0.9} K*/r*, |y|<0.35, |sy, =200 GeV ]
@ 0.8Fs Cu+Au0-80% (N =57.0) 3
0.75¢ Au+Au 40-60% (nfpaﬂ=s1 .6), PRC88, 024906 -
0.6}
0.5;—
0.4f
0.3F
0.2 PH ENIX ]
0.1 preliminary 4
Gil....1....|....|.A.A|A.A.r
0.5 1 1.5 2 2.5 3
pT(GeV/c)
.2 1E|'+‘"I""l""l""l""lv
= 0.90 K/, [y|<0.35, (S, =200 GeV
O 0.8F. cu+Au 40-60% (N,,=34.9) :
0.7F# Au+Au 60-92% (N =14.7), PRCBS, 024906 -
0.6;—
0.5F
0.4F
0.35—
0.2 PH ENIX |
0.1 preliminary
Gil....|....|....|.‘.‘u‘.‘.r
0.5 1 1.5 2 2.5 3
pT(GeV/c)

17.10.2020

B I B B L L L BN
- K/, ly|<0.35, |sy, =200 GeV ]
E4 CustAu 0-20% (N =154.8) .
0.70¢ AusAu 20-40% (ﬁ’; =141.5), PRC88, 024906

I T H

0.65-
0.5¢
0.4F
0.3}
0.2¢ PHENIX ]
0.1F preliminary 3
G:I' s by by 1y B
0.5 1.5 2 25 3
pT(GeV/c)
1 T

L NN B
E K%, |y|<0.35, |sy, =200 GeV -
E4 Cu+Au 60-80% (N =11.5) :
0.7 4 Au+Au 60-92% (Npm=14.7), PRC88, 024906

0.6F

0.5F

0.4F

0.3

0.2 PHENIX |

0.1 preliminary 3

I R TR R TR
pT(GeV/c)

Nucleus - 2020

FrerTrrryrrrT T T T T T T T
9 K*/n*, |y|<0.35, {sy, =200 GeV -

Fo Cu+Au 20-40% (N, =80.4) 3
L0 AusAu 40-60% (N, '=61.6), PRCSS, 024906

T~ -
PH-“ENIX
preliminary
o e b s 1 o f
0.5 1 1.5 2 2.5 3
pT(GeWc)

» Strong p;dependence

» Weak centrality dependence

» In agreement with Au+Au
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POLYTECH

» Production and suppression of the (p + p)/2 seems to scale with the average
size of the nuclear overlap region and do not depend on the details of its shape,;

» For the most central Cu+Au collisions proton yields are enhanced (R,; > 1) at
2 GeV/c < pr < 5 GeV/c, while °-mesons yields are suppressed and ¢ —meson
R,z values are around 1. Observed difference in R, values for protons, ¢ and
%-mesons disappears from central to peripheral collisions.

» The observation of these patterns in many collision systems can provide further
constraints to quark recombination models.
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