Heavy quark(onium) at LHC: the statistical hadronization case
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e [he statistical hadronization model: assumptions and inputs

e Charmonium: the LHC case in light of the SPS and RHIC data
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e Quarkonium in elementary (e"e™, pp, pA) vs. AA collisions

e Summary and outlook
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Statistical hadronization: assumptions

P.Braun-Munzinger, J.Stachel, PLB 490 (2000) 196

e all charm quarks are produced in primary hard collisions (¢ ~ 1/2m. ~ 0.1 fm/c)
e survive and thermalize in QGP (thermal, but not chemical equilibrium)

e charmed hadrons are formed at chemical freeze-out together with all hadrons
statistical laws, quantum nr. conservation
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Statistical hadronization: method and inputs

e Thermal model calculation (grand canonical) 7', 3: — nt)?

' 1
o NI = YooV (St 4 nfh) + g2V (;mth + nth)

e N,z << 1 —Canonical (J.Cleymans, K.Redlich, E.Suhonen, Z. Phys. C51 (1991) 137):

. th
NCCZéLT _ %g Nthll (geNSE)

2atth -
Noc T, (4N h) + g:Nl? — ge (charm fugacity)

Inputs: T', up,  Vay=1(= (de}fp/dy)/nz%), N (bQCD or exp.)

Minimal volume for QGP: v&%:mo fm?
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Thermal parameters: from fits to data (central collisions)
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One more ingredient: corona
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N9 from pQCD calculations (or measurements)
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R.Vogt, IJMP E12 (2003) 211
[hep-ph/0111271]

Cacciari, Nason, Vogt

PRL 95 (2005) 122001

pQCD is not parameter-free
(PDF, me, pR, p1p)

uncertainty: ~ 2X
PHENIX, PRL 96, 032001 (2006)

thermal initial production of charm
at LHC?

A.Andronic@GSl.de



Canonical suppression and charm fugacity (core)
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J/v production relative to charm
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J /1 at SPS
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Another powerful charmonium: 1)’ (SPS)
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Ny /Ny # 0!

contradicts screening model

(LQCD: ' melted at T¢)

strong indication of ¢’ prod. via
statistical hadronization
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J /1y at RHIC: rapidity dependence, R 44

9—0-8,“\ I I L L

it 07| AutAU0-20% (N,,=280) 1 AutAu20-40% (N ,,=140) |
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evidence for statistical hadronization of charmonium (enhanced at y=0)
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J/¢ in dAu (RHIC)

PHENIX, PRC 77 (2008) 024912, arXiv:0711.3917
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J /1y at RHIC: effect of shadowing
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J/¢y at LHC

solid expectations for LHC
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Overall charm chemistry

(dN/dy) / (dN__/dy)
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yields per initial charm pair

e \. prod. favored at large p
...it's a must at FAIR (CBM)

® isospin Is important
1 e /1) relative yield:
1 3% in QGP, 13% in pp

decreases at low energies

A /SNN:7—1O GeV:
1T'=151-161 MeV

e charmed hadrons can signal the

| 10° | onset of QGP
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Heavy quarks in e"e™ collisions

e open flavor hadrons strongly
5_91 Gev R underpredicted in a pure
- -@&r . thermal model (no flavor)
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Open charm in pp(A) collisions
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Charmonium in pp(A) collisions
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Charmonium in pp(A) collisions 2
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Bottomonium in pp collisions
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J/1y: the big difference LHC could make
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Summary and outlook

statistical hadronization of heavy quarks
(produced exclusively in hard collisions, survive and thermalize in QGP)

most input parameters are well constrained by experimental observables

e Good agreement with J/v data at SPS and RHIC

... further tests (incl. phase space distr.) to come soon, in particular at LHC

Open questions

e main uncertainty from charm cross section ... experiments will provide more
precise measurements

e survival of J/v¢ in QGP at SPS (and RHIC?) ...(need better LQCD guidance)

...will be to a good extent clarified at LHC ...and further at FAIR trace onset

A. Andronic - ReteQuarkonii workshop, Nantes, Oct. 2010



Spare slides




Timescales for charm(onium) production

Karsch & Petronzio, PLB 193 (1987) 105, Blaizot & Ollitrault, PRD 39 (1989) 232

e QGP formation time, toap
— SPS (FA|R)' tQGP ~ 1 fm/c ~ tj/¢

survival of initially-produced J/1 at SPS/FAIR energies? (1,; ~ T¢)

e collision time, t,.,;; = 2R /vem

—SPS (FAIR): t.o1 2 tj/¢

cold nuclear suppression (breakup) important at SPS/FAIR energies?
shadowing is yet another (cold nuclear) effect - important at LHC (RHIC?)

NB: the only way to distinguish: measure oz in pA and AA
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