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Charm and Charmonium in
A+A Collisions at CERN SPS

Mark |. Gorenstein, (BITP, Kiev and FIAS, Frankfurt)

J/psi suppression in nucleus-nucleus collisions.
Statistical model for J/pi production.

Statistical coalescence model.

Estimates for open charm production at the SPS.
Transverse momentum spectra.

Open charm enhancement as a signal of deconfinement.



I. J/Psi suppression

Matsui and Satz, Phys. Lett. B (1986)
2621 citation

Announcement in 2000:
J/Psi suppression by the QGP — the main signature of the QGP discovered
in Pb+Pb collisions at the CERN SPS.
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II. Statistical Production
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i Statistical production: <J/w > o« <h > o« VN,

<Jlwy>
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Gazdzicki and MIG, Phys. Rev. Lett. (1999)
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| ITI. Statistical Coalescence Model

N:'E" — %ycNo + 7/C2NH Braun-Munzinger and Stachel, Phys Lett. B (2000)
N(‘j‘ér IS assumed to be fixed by hard parton collisions (not measured)
N, Is thermal multiplicity of open charm hadrons

7. additional parameter because of incomplete charm equilibration
(similar to y, for strangeness)

N,, Is hidden charm multiplicity

m.T

3/2
m.
Nog = Z N, = Z djVL ) ) expL— ?Jj

j cO(H) j cO(H) 2

1). NI =0.17 in central Pb+Pb collisions (N, =400) was assumed
2). Vg (T, 15) = N,

3). 7.

4). <Jly>= 7/(:2 NJ/://



Statistical Coalescence Model with Exact Charm Conservation

MIG, Kostyuk, Stoecker, Greiner, Phys. Lett. B (2000)
1 (7. No)

N = Z¢ N + 2N
ce 27/0 0] Io(ycNo) 7/c H
| N ] i
Factor 1(7:No) is due to the exact charm consevation
Io(7/cNo)

<J/W> = 7/c2 Nﬁty/ = 7(:2[NJ/1// + Br(w I)Nt//' + Br(ll)NZl + Br(ZZ)sz]

Br(y')=0.54, Br(y)=0.27, Br(y,)=0.14

- .2 tot 2 dir
Ve NJ/://|therm — Ve — NCE

exp

<Jy>

chg —3.10™ was the estimate for NN collisions at v/s =17.3 GeV

Assuming a linear dependence on N, one finds N =0.06
for most central Pb+Pb collisions with N, =400
But for hard parton collisions with N;"* one obtains N =0.35



Pb+Pb at /s, =17.3 GeV

A: T =168 MeV, , =266 MeV

Table 1
(Jju) 10" | N 100 | No | % N
N, | NA50 data | Eq.(7) Thermal | Poisson
Compil. [3] | Set A | Set A | Eq.(6) | Eq.(5) | Eq.(9)
100 | 2.2402 0.56 0.26 2.0 0.066 0.064
200 | 3.940.2 1.1 0.52 1.9 0.21 0.20
dir 300 | 6.440.6 1.7 0.79 2.0 0.46 0.41
1) N, =06 360 | 6.94+0.7 2.0 094 | 1.9 | 057 | 051
for central Pb+Pb B T =175 MeV, 1, =240 MeV,
dir a i
2) NCC ~ NP’ Table 2
a=16-1.7 (Jjw) 10" | N% 100 No | o Ndir
N, | NA50 data | Eq.(7) Thermal | Poisson
Compil. [3] Set B | Set B | Eq.(6) | Eq.(5) | Eq.(9)
100 | 2.2402 1.1 0.39 1.4 0.072 0.070
200 | 3.940.2 2.2 0.77 1.3 0.23 0.22
300 | 6.440.6 3.3 1.17 1.4 0.50 0.45
360 | 6.940.7 4.0 1.40 1.3 0.62 0.55




IV. Open Charm Estimates

Perturbative QCD:
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Statistical model of the early stage

Strangeness/Entropy Charm/Entropy
m 0.06 - . - . - . . 0.006 . . ; . .
0.04 . 0.004 +
0.02} 1 0.002f
0% 5 20 9% 5 10 15 20
Vs, [GeV] Vs, [GeV]
ow =14, 9,=12 0w =10, g;,=12

m,, =500 MeV, m;=200 MeV m,, =1800 MeV, m;=1300 MeV

Poberezhnyuk, Gazdzicki, MIG (in preparation)



K'/®" (y=0)

0.2

0.1

Pb+Pb AutAu

A AGS

B SPS(NA49)

M RHIC

@ LHC(ALICE)

107

10*

\/San (GeV)

D

-+

|7

-+



<N >

10

10'E

10°F

10 F

102

mg =1.3 GeV

10 15 20
Vs, [GeV]

=N >

mg =1.5 GeV

10 C
10"} #///,f”’fffﬁfﬁg
g =50/,

10 9. =10

10% 5 10 15 20

s, [GeV]



200}

150}

10

0.1

Vs, = 17.3 GeV

-
-
-
=

~—-m =13 GeV
—m"=15GeV




T [MeV]
)
o
o

200

150

-\"S—NN =17.3 GeV

<N =

100

10

0.1

VS = 17.3 GeV

F__m " =1.3GeV
—m " =1.5GeV




V. Transverse Momentum Spectra
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Pb + Pb at 158 A GeV
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| VI. Open Charm Enhancement as a Signal of Deconfinement

Nch = I\Icoll NCII:‘IN’ N - Nsls

N =0.15+0.3 In central Pb+Pb collisions at 158 A GeV
Statistical Coalescence Model:

<Jy>— N2 =05+0.6,

N ~ Ny,  a=l7

coll
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Summary

. Model estimates for open charm yields in Pb+Pb collisions
at the SPS energy region vary by almost two order of magnitude.

. J/psi multiplicity can be strongly connected with open charm yield.
. Collision energy and centrality dependence of the open charm yield

can be very sensitive to the creation of the deconfined matter just
at the SPS energy.



