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Quark-Gluon Plasma

QGP - is a state of matter which exists at extremely high temperature and/or density. This
state is thought to consist of asymptotically free strong-interacting quarks and gluons, which
are ordinarily confined inside atomic nucleons or other hadrons.
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Collision Systems

1.

Reference collisions:

pP+p

Small collsion systems:

p+Al, d+Au, 3He+Au
Cold Nuclear Matter effects
QGP effects

Large collision systems:
Cu+Au, Au+Au, U+U
Cold Nuclear Matter effects
QGP effects
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Measurements of charged particles : i
multiplicity with the BBC (3.0 < [n| < 3.9) » Centrality characterized by

: Number of nucleons
which suffered at least one
inelastic nucleon-nucleon
collision

: Number of inelastic
nucleon-nucleon collisions

Spectators

» Npgre @and Ny from
Glauber calculations

Participants
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(Pioneering High Energy Nuclear Interaction eXperiment)

Central

Detectors in the central spectrometer PC3
arms (|n| < 0. 35) PC2

|
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Charged Particle Tracking &

Momentum measurements:

> Drift-Chambers (DC) and first layer of
pad chambers (PC1)

w6 L

Identification of charged hadrons:
> Tine-of-Flight (TOF) with start signal
from the Beam-Counters (BBC)

Centrality identification:
> BBC detectors (beam-beam counters)

Aecrogel

West Beam View East 4
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Invariant spectra
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Nuclear modification factors

To measure the modification of the spectrum of produced
particles in heavy-ion collisions relative to the spectrum in

p+p collisions, nuclear modification factors (R,p ) are
employed:

1 d*Nyp(pr)/dydpr
Ncoll dszp/dyde

Rap(pr) =



POLYTECH

Peter the Great
St Petershurg Polytachnic
University

Light hadron R,g in p+Al, d+Al and SHe+Au
p+Al d+Au SHe+Au
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Light hadron R,z In p+Al, d+Al
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and SHe+Au
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Baryon enhancement
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Baryon Puzzle - Anomalous large ratio of protons (3 quarks) to ~ 14F P E
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Strong centrality dependence of p/m ratio
Recombination model of QGP hadronization 11
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QGP Hadronization
Recombination Fragmentation
By = Og £SO o

Phase space at the hadronization is filled with partons e —
» Single parton description may not be valid anymore '

> No need to create gq pairs via splitting/string breaking '% fragmenting parfon

> Partons that are “close” to each other in phase space S S g
(position and momentum) can simply recombine into & N\ p.“ Pq |
hadrons S | " |

Recombination vs. fragmentation: Z recombining parton

> Competing mechanisms = ;pM Pq1*Pq2

> Recombination naturally enhances baryon/meson ratios at Pe= Pat*Pe*Ps N
intermediate p; 2 ? p-.-(G:V) ° °

Baryon puzzle was successfully explained in the frame of recombination models, so
baryon enhancement can be used as tool for exploring small systems 12
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The ratio of p/=
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The ratio of K/

Au+Au
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Strangeness enhancement

Unifversity

Cu + Au
g22._"'|""|""|""|'"'|""|""|""|""|""
e <4 Cu+Au, |y|<0.35, |s,, =200GeV ]
2C v 7°0-20% 4 m,0-20% ¢ 9,020%
1.8F * Ky 020% + o,0-20% A T, 0-20%
“b A4 KE0-20% = (p+p)/2,0-20% &= K0-20% ]
1.6F .

[ TSN
1.4F PH “ENIX
[ preliminary
1.2F

o.sz—
0.6F A
A

0.4 4
; 1%, eta published in PR

= - -

- - LYy
0'2: Scallng uncertalnty from p+p 9 7% ]
Ca oo 1o oo o Ve oy Vs s by sl el sl oyl lassag ]

05 115 2 25T s 45 s
p.(GeV/c)

16



]
o

AB

1.6

1.2

0.8
0.6
0.4
0.2

1.6
14
1.2
1
0.8
0.6
0.4
0.2

t T T T T T T T
T, [yl<0.35, (S =200GeV b ENIX
E preliminary
g E1
L Al $
igh § u
L _as L | I ﬁ
L
o .ﬁl“
a"'
E I!=’!
< = p+Al, 0-20%

F + d+Au, 0-20%(PRCB8, 024906)
+ He+Au, 0-20%
Norrn uncertainty Imm pep-9.7%
1

1
05 1 15 2 25

3 35 4
pT(GeWc]

UM BUEL S B B LRI B LRI B
L T, |y|<0.35, II"SNN =200 GeV PHENIX
E preliminary
E £ ﬁ
‘I!! +
E - .00".
we

= p+Al, 40-72%
- 4 d+Au, 60-88%(PRCES, 024906) -
+ He+Au, 60-88%
Norrn uncertainty lrom psp-9.7%
1

1
05 1 15 2 25

335 4
pT(GeWc]

0.8
0.6
0.4

0.2

K* |y|<0.35, \Syy = 200 GeV PH ENIX
preliminary

o = psAl, 0-20%
4 d+Au, 0-20%(PRCAS8, 024908) 4
+ He+Au, 0-20%
3 Norm. uncertainty from psp - 9.7%

PP PR PRI N S ——

1.5

2 2.5
pT(GeWc)

K |y|<0.35, \s,, =200 GeV pH T ENIX
preliminary

.ll.ll',.-!¢‘**

R PR e

. = paAl, 40-72%
4 d+Au, B0-88%(PRCE8, 024906)
+ He+Au, 60-88%

Norm. uncertainty from psp - 9.7%
L 1 L

0.5 1 1.5

2 2.5
pT(GeWc)

<

R&B

2.2f

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

2.2

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

POLYTECH

Peter the Great
5t.Petersburg Polytachnic
University
T T T T T T T" T T T 3
ly|<0.35, |y, =200 Ge\.r‘ ;
PHENIX B E
preliminary t g !l ]
I
P00
1"!1 'ﬁﬁh"“gm 3
& popeAL020% ;
[} 4 (p+p)2, d+Au, 0-20%(PRCES, 024905}_
- ¢ (p+p)/2, HesAu, 0-20%
INorm.luncer,.mmy Ilrom psp- G.?’% . . | 3
05 1 15 2 25 3 35 4 45 5
pT(GeWc)
T T T I T T T T T 3
|y|<0.35, "5"" =200 GeV E
=0, p+Al, 40-72% 3
4 (p+p)2, d+Au, 60-88%(PRCES, 024906) 3
+(p+p)2, He+Au, 60-88% 3
il B b 3
hd = — -
58 = &n 4 i - i
steattete s L0 3
o
W ]
L] Py 3
PH ENIX
preliminary 3
Norlrl Iuncer‘alnly !rum pop 9?’% .
l] 5 1 15 2 25 3 3 5 4 4 5
X (GeWc)

17



PHENIX T [ i

Conclusion
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> R,g values for ¥ and K* in p+Al, 3He+Au and d+Au collisions are
consistent within uncertainties.

> K*/mT in p+Al, 3He+Au and d+Au are consistent within uncertainties.

. .. @, Kt K* nt,m0
> No strangeness enhancement in small system collisions: R, ~ Rz’
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Conclusion

> RZB ~ 1 in p+Al collisions in all centralities in the intermediate p;
range.

» Smaller slope of R’j’g(pT) in p+Al collisions than in SHe+Au and d+Au.

No baryon enhancement in p+Al collisions: all measured light hadron
R,z Vvalues are consistent in all centralities of p+Al collisions. No
enhancement of p R,p values over meson R,p values in p+Al collisions
was observed.

> In central collisions p/m~ in p+Al is smaller than in SHe+Au and d+Au,
but this difference disappears in peripheral collisions.

Y

Light hadron dominant production mechanism in p+Al collisions differs from light
hadron dominant production mechanism in d+Au and 3He+Au
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Conclusion

Light hadron dominant production mechanism in p+Al collisions differs from light
hadron dominant production mechanism in d+Au and 3He+Au

That might indicate that:
1. condition in p+Al collisions are not sufficient for QGP formation
or

2. the system is too small for recombination to cause a noticeable increase in
proton production

Further study is needed
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Conclusion

Light hadron dominant production mechanism in p+Al collisions differs from light
hadron dominant production mechanism in d+Au and 3He+Au

That might indicate that:
1. condition in p+Al collisions are not sufficient for QGP formation
or

2. the system is too small for recombination to cause a noticeable increase in
proton production

Further study is needed

Thank you for attention! .



	Measurement of charged hadron production in relativistic ion collision systems�
	Quark-Gluon Plasma
	Collision Systems
	Centrality
	PHENIX
	Invariant spectra
	Nuclear modification factors
	Light hadron RAB in p+Al, d+Al and 3He+Au
	Light hadron RAB in p+Al, d+Al and 3He+Au
	Light hadron RAB in small and large systems
	Light hadron RAB in small and large systems
	Baryon enhancement
	QGP Hadronization
	The ratio of 𝒑/ 𝝅    
	The ratio of 𝑲/ 𝝅    
	Strangeness enhancement
	Strangeness enhancement
	Comparison of hadron  𝑹 𝑨𝑩  in light systems
	Conclusion
	Conclusion
	Conclusion
	Conclusion

