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6 Quarkonia
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Quarkonia

® Quarkonia are heavy quark antiquark bound states, i.e. ccbar and bbar

B Since masses of charm and beauty quarks are high as compared to
QCD scale parameter /\QcD ~ 200 MeV non-relativistic Schrodinger

equation can be used to find bound states

V2 I
(mo7zy TV L) = BY)

with quark-quark potential of the form

4@3 327—‘-0{8 g]_ '§2
W) = (o — =2
(r) = kr 357 9 mg

5(F) + ...

confinement spin-spin int. tensor, spin-orbit, higher
color Coulomb int. order rel. corr.

m With kK~ 0.9 GeV/fm, as(mQ) ~0.35 and 0.20 for m =1.5 GeV and

m, = 4.6 GeV obtain spectrum of quarkonia
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Charmonium States
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Debye Screening and Effective Heavy-Quark Potential
in the QGP ()

Non-perturbative Vacuum . ‘ . .

-
Po 0]l o o | ole®
N\ ® o ©

Perturbative Vacuum Color Screening

Perturbative Vacuum

Effect of medium with finite temp. (i.e. QGP) on heavy-quark potential:
—kr for T'—0

7\

4 ) 4 . e B ™~
Vir) = —g% +kr — Veg(r,T) = —ga?e r/ro(T) 4 krp(T) (1 —e T/TD(T))
H ;- 1 g? (T) 2472
r ~— — = S
where  rp(T) ~ “r % = 4 g (33 — 2n¢) In(T/A)

In the QGP the heavy-quark interaction is strongly screened for distances
above the Debye screening length r_
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Debye Screening and Effective Heavy-Quark Potential
in the QGP (Il)

4053 —r/r
%ﬁ(T,T)—>—§7e /D

“Yukawa potentia

III

Unlike Coulomb potential, Yukawa
potential does not always have
bound states

—> Dissociation of quarkonia if r,

is sufficiently small, i.e., no bound
states for hadrons with “Bohr”
radius r > r,
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J/W¥ Suppression as a QGP Signal

® Charmonium will dissociate/cannot form in a QGP

" J/Y suppression was proposed in 1986 by Matsui and Satz as a
QGP signature (Phys. Lett. B 178 (1986) 416)

If high energy heavy ion collisions lead to the formation of a hot
qguark-gluon plasma, then colour screening prevents cc binding
in the deconfined interior of the interaction region .../... It is
concluded that J/W suppression in nuclear collisions should
provide an unambiguous signature of quark-gluon plasma
formation
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Different Dissociation Temperatures for Different ccbar
and bbar States: A “QGP Thermometer”

1 2 3 4 TIT,
Vol [xe ] X |71
state s | 28 | 1p | 1s | 2s
mass(GeV)| 3.1 | 3.7 | 3.5 | 9.4 [10.0
r (fm) 0.45]0.88/0.70]0.23|0.51
Tp/T: 1.17) 1.0 | 1.0 |2.62|1.12
€D 1.92/1.12]1.12|43.3|1.65

(GeV /fm?)
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Exact values very model dependent,
but basic feature: J/W, W', X, Y' not

bound at or little above TC, Y survives

much longer



Hadronization of Charm Quarks

All charm quarks have to appear in charmed hadrons at hadronization of
the QGP. J/Y's can form again from deconfined quarks in particular, if
number of cc pairs is large (colliders) - NW o NCC2

(P. Braun-Munzinger and J. Stachel,Phys. Lett. B490 (2000) 196)

a Development of
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Production of Charm and Beauty
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Number of heavy-quark pairs per
central PbPb or AuAu collision

from these cross sections:

N(qq) per central AA (b=0)

SPS RHIC LHC
charm 0.2 10 130
bottom -— 0.05 5

J/W is only a small fraction of order of 1%

of these 6% detected via I'l’ decay

Advanced Topics in Particle Physics: LHC Physics — Heavy-lon Physics




Measurement of Quarkonia

BR(J /1 — hadrons) ~~ (.88
BR(J/v — ete™) ~ 0.06
BR(J/¢ — pu* ™) ~ 0.06

R(y)" — hadrons) ~ 0.98
of these BR(v)' — J/v) ~ 0.60

BR(v — ptp™) ~ 0.008

oy

JW, W and Y via et+e- or g+p-
X, very difficult, usually done via

Xc — /Y +7

Of measured J/W typically:

~ 60% directly produced
~ 10% from )’ — J/9
~ 30% from x. — J/1

BR(Y — hadrons) = 0.90
BR(T — eTe™) =~ 0.025
BR(Y — utp™) ~ 0.025
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J/W¥ production in PbPb collisions at SPS energy
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In central PbPb collisions about 40% less J/W than expected from pA systematics
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J/W Suppression at RHIC

PRL 98 (2007) 232301

< ® At mid-rapidity suppression

¥ I Nuclear modification factor oo
e o PHENIX, AuAu, [yle[1.22.2], + T% syst. at RHIC very similar to SPS
i {: O NASD, Poebl, Gyt o 1% oyst even though energy
i s S et densities are larger
o.s} #ﬂ% 5 ® Suppression at
- - % forward/backward rapidity
0.4 : % 3 @ 3 " stronger than at midrapidity!
0.2 : ] i ® These general features are in
bRt 08 (2007) 252301 agreement with J/W
% 50 mé' '1'56' 500250300 350400 formation from deconfined
Npar charm quarks

(“recombination”)
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Quarkonium Production at RHIC and LHC
in the Statistical Hadronization Model

A. Andronic, P. Braun-Munzinger, K. Redlich, J. Stachel Phys. Lett. B652 (2007) 259

2 ® RHIC data = da_ /dy (mb) 128

v /dy) / (_‘_chc /dy)
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Note: Stat. model does not make any prediction about ccbar production
cross section, this is input; depending on ccbar cross section in nuclear
collisions at LHC there can be J/W enhancement
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First ALICE Data on J/¥ RAA in Pb+Pb at the LHC

< = Contribution from B
o 1.4 _: m ALICE (Pb-Pby s, = 2.76 TeV), 2.5<y<4, pT:-D (preliminary) feed-down small:
| o PHENIX (Au-Au\ s, = 0.2 TeV), 1.2<|y|<2.2, p >0 (arXiv:1103.6269) ~10% from p-p
2 measurement
B 5L I (LHCb, arXiv:1103.0423)
0.8

0.6/—
i E ﬂ @ m
0.4f— Lh! by
2 & &
- {,}ALlclE <Npm:- if weightedlby N, | I | |
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‘:Npan*}

ALI-PREL-5534

J/W R, in central collisions is larger at LHC in 2.5<y<4 than at RHIC in

1.2<|y|<2.2. And shadowing at LHC estimated to be large.

Conclusion: the R, for J/W is large! Could point to charm quark recombination.
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First information on Upsilon States in Pb+Pb at LHC

Final data: Phys.Rev.Lett. 107 (2011) 052302

: o | I .-I- | = — LI DN LA LN L L L L L N B L L
L 80F « dama CMS Preliminary L [ s dats CMS Preliminary
Juk] [ — = n = -1
& 7o PpNs=276TeV - B %L — popoit | PbPb \sy=2.76 TeV -
= F 00<lyl <24 = % [ - ppshape [| 0-100%,00<|y| <24
F . - E
Eﬁu;pTrdGeVIc 0<p_<20GeVic = E,Eﬂl:_P:?"rGEV-'E 0<p, <20 Gevic
2 o L= 2251 nb" - ~ L, =728ub"
CEN o]o - . E 5 “°r E
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- - 30} ] s 3
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m,, (GeVic?)

Y(2S +38)/Y(AS)|, = 0787313 £0.02 Y (285 +38)/Y(1S)| pymy = 0.247575 £0.02

-0.12 —
Y(25+38)/Y(1S)| oy
Y(2S +35)/Y(15)],

=0.317,1. £0.03

Consistent with expectation that more loosely bound 2S and 3S states are more
strongly suppressed
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7 Thermal Photons

Advanced Topics in Particle Physics: LHC Physics — Heavy-lon Physics

18



Motivation for Measuring Direct Photons

in Heavy-lon Collisions

High p; (> 6 GeV/c):

= High-p, direct photons -
produced in initial hard
parton-parton scatterings

" Photons leave the
subsequently produced 0
medium (quark-gluon
plasma !?) unaltered

" Test hard scattering O
predictions

® Measure rate of hard
processes
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Low / Intermediate p;:

Low p,; thermal direct

photons expected to reflect
the initial temperature of the
thermalized fireball

Temperatures above T_

indicate quark-gluon plasma
phase

Search for evidence for jet-
plasma interactions?
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Known and Expected Photon Sources

Photons in A+A

7~ N

Direct Photons Decay Photons
hard Preequilibrium thermal Jet-medium interaction
VAN / \ /7 \\
direct bremsstrahlung QG Hadron gas jet-y- medium induced
fragmentation conv. Yy bremsstr.

/’ﬂ ,f/ v eg.ig+geer ~ gt
L"rﬂ »
y T gluon jet

. Tjet(q)—~(p) X (¢ — D)
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Schematic Photon Spectrum in A+A

Central Au+Au at RHIC
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Thermal photons expected to be

significant contribution below p, ~

3 GeV/c

Hard photons dominant direct
photon source for
p,>"~6GeV/c

Jet-photon conversion might be

significant contribution below p, ~

6 GeV/c
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Calculation: Sources of Direct Photons
in Au+Au Collisions at Vs =200 GeV

10" ——er—————————————rr—r
o 0 Central Au+Au (s'°=200AGeV)
'> 10 [
8 10" |
| S 10_2 !
o 1
-
Z 10_4 r
O 10° = Hadron Gas
LL] | —— QGP (T=370MeV)

10° } initial pQCD (pp)

sum
_
p; [GeV]

Turbide, Rapp, Gale, Phys. Rev. C 69 (014902), 2004

Window for thermal photons from QGP in this calculation: p, =1 - 3 GeV/c
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Direct Photons in A+A Collisions: Measurements

® So far (January 2012) only two measurements

+ Central Pb+Pb collisions at Vs  =17.3 GeV (WA98)

¢ Central Au+Au collisions at Vs =200 GeV (PHENIX)

After an photon excess has been established experimentally, one needs to figure
out whether there is a contribution from thermal direct photons. This needs
theoretical guidance.

® Methods:

¢ Measure photons with electromagnetic calorimeter (WA98, PHENIX)

® Measure virtual photons (y* = e'e),

and assume Tdirect _ _direct (PHENIX)

. . *
TVinclusive Yinclusive Mee <30 MeV
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Direct Photon Measurement by WA98

1.8 '_ . . . .
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Internal Conversion Methods: Results

L 1 4
B T _ s~10
L (a) p+p | (b) Au+Au (Min. Bias) L 3]

=
]
T
|
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|

= 10°

0.15

r=direct y/inclusive y

dd
o <

0.05|

4 AuAu Min. Blas x10*
*  AuAu 0-20% x10?

u AuAu 20-40% x10

v pdp

------------- Turblde et al. PRC69

I T : 107
. S i . SRR 102
=  Enhancement in Au+Au above p+p 10°
described by an exponential S10+
(as expected for a thermal source) 4
_ w1
YAu—I—Au — Ncoll ) Yp—l—p + A-e pr/T
10°
" Slope parameter (0-20%): | | | | | |
— -7 [N [N N N N s (N A O O |
P, (GeV/c)
" Initial temp. from hydro:  Expected to be a lower limit
TI_ =300 ... 600 MeV for the initial temperature T!
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Direct Photon v, (PHENIX)

PHENIX, arXiv:1105.4126 (— link)

o, [ Au+tAu@200 GeV 0.25

T minimum bias

E
N 0.2
> C
g - E:: > 0.2
O '

dir.
Y V2

0.15

01— :_
0.05 0.1
- inclusive photon v, B
0:_ .......................................................................................................................... u-ﬂs__
0.05— E
] | | boa byl | ] u_
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pT[GeWc] .
-0.05

I|IIII|IIII|IIII|IIII|IIII|I | I|I

incl. decay. vy 1 2 3 4 5 6 7 8

dir.vy R’Y " Ug — Uy )

U2 = R, —1 P, [GeVic

Large direct photon v_ is a challenge to theory because most thermal photons are
expected to be created early (when the temp. is largest and) when v, has not fully
built up
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http://arxiv.org/abs/1105.4126

	Ultrarelativistische Schwerionenphysik −   Quarks, Gluonen und Quark-Gluon-Plasma  2. Kinematische Variablen
	Folie 2
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9
	Folie 10
	Folie 11
	Folie 12
	Folie 13
	Folie 14
	Folie 15
	Folie 16
	Folie 17
	Folie 18
	Folie 19
	Folie 20
	Folie 21
	Folie 22
	Folie 23
	Folie 24
	Folie 25
	Folie 26

