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1) Quaikuina

2) Heavy Quarks

1) Theoretical expectations
2) SPS/RHIC results

3) ...waiting for LHC results!



Quarkonium: introduction

‘ Quarkonium suppression is considered since a long time as one of the
most striking signatures for the QGP formation in AA collisions

L{fm) 10 ” N

17 GeV/c —— 200 GeV/c — 2.76 TeV/c —

years — 1986 ——— 1990 —— ~2000 — 2010 —

) ...but, as for the other hard probes, in order to understand
quarkonium behaviour in the hot matter (AA collisions), its
interactions with the cold nuclear matter should be under control
(pA/dAu collisions)



Quarkonium

» At T=0, the binding of the ¢ and g quarks can be expressed using

the Cornell potential:
o
V(I/') =——+hkr . .

Coulombian contribution, induced Confinement term
by a g exchange between g and g

» What happens to a gg pair placed in the QGP? . .
The QGP consists of deconfined colour charges ' .
-~ the binding of a qq pair is subject to the -
effects of colour screening

The high color density induces a screening
of the coulombian term of the potential
4 7 4

V(r):—g+kr —_— V(,/):_ﬁ



Debye screening

The screening radius Ay(T) (i.e. the maximum distance which allows
the formation of a bound gq pair) decreases with the temperature T

vacuum Temperature T<T$ Temperature T>T$
J ® o
/v
/vy C,
| | 1 @ @
— < <
r r r
_ if resonance radius < if resonance radius >
At a given T: Ap(T) > resonance can  Ap(T)
be formed - NO resonance can be
formed



Charmonium suppression
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ABSTRACT

If high energy heavy ion collisions lead to the formation of a hot quark-
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temperature dependence of the screening radins, as obtained from lattice
QCD, with the J/1 radius calculated in charmonium models. The feasibil-
ity to detect this effect clearly in the dilepton mass spectrum is examined.
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This is the idea behind
the suggestion (by
Matsui and Satz) of the
J/v as a signature of
QGP formation (25
years ago!)

=) Very famous paper, cited
~ 1400 times!



Sequential screening

The quarkonium states can be characterized by

the binding energy
radius

state Jv  x.  w(2S) =) More bound states have smaller size

VESY (R IR XK ™) Dcbye screening condition ry > Ap will

_--- occur at different T

r,(fm) 0.25 0.36 0.45 -

000

THEAT

state Y(1s) Y@2s) Y(3s)
Mass(GeV) 9.46 10.0 10.36

r,(fm) 0.28 056 0.78

Sequential suppression thermometer for the
of the resonances temperature reached
in the HI collisions 7



Quarkonium production and decay

J/v production

Quarkonium production can proceed:
* directly in the interaction of the initial partons

* via the decay of heavier hadrons (feed-down) 4 g(')';?:t
For J/yv (LHC energies) the contributing mechanisms are: Y
» | = Direct production ,,
= Eos| i toom pata
O | ™ Feed-down from higher I DO 1
~ charmonium states: S e e=7Tev M@ |

~ 8% from y(2S), ~25% from . A A }@ .
D & ! |
i(t)J ‘ B decay “-1_f @!;‘i‘i’“!giﬁ‘ = CDF V5=196TeV |y|<0.6
Q contribution is p; dependent 1 onemen
a ~10% at p;~1.5GeV/c 2o s s e v

J/y can be studied through its decays:

/vy 2> ptp J/y > ete- (~6% branching ratio) q




How to measure p pairs?

NA50, PHENIX and ALICE (forward region)
muon trigger and tracking

AR

hadron absorb
— Other

TR EE==

L 1 11 i j

hadron absorb




Quarkonium production in pp

» J/wv is produced in two steps that can be factorized:

* Production of the Q@ pair > perturbative
* Evolution of @@ pair into a bound state - non perturbative

=) Different descriptions of this evolution are behind the various theoretical
models

- Color singlet model
- Color evaporation model
- NRQCD

10

LO CSM: J/w-lrcc SRR
LO CSM: J/y+g 1

=) CDF results on J/y direct production
revealed a striking discrepancy wrt LO CSM

O
., 0
», ‘e,
D

The agreement improves in NRQCD
approach

...but situation still puzzling, because J/y
polarization is not described!

do /dPT||T]|<0.6 x Br (nb/GeV)

» Open questions, to be investigated at LHC! 10



Quarkonium production in pA

To understand quarkonium behaviour in the hot medium, it’s
important to know its behaviour in the cold nuclear matter.
— this information can be achieved studying pA collisions

‘ allow the understanding the J/y behaviour in the cold nuclear medium
- complicate issue, because of many competing mechanisms:

Initial state Final state

shadowing, cc dissociation
parton energy loss, in the medium,
intrinsic charm final energy loss

‘ provide a reference for the study of charmonia dissociation in a hot
medium
- approach followed at SPS and similarly at RHIC (with dAu data)

11



Cold Nuclear Matter effects

In pA collisions, no QGP formation is expected

- in principle, no J/y suppression
- however a reduction of the yield per nucleon-nucleon

collisions is observed

» These effects can be quantified, in pA collisions, in two ways:

B 06(JAy)/A (nb)

8
7+

6 N

NA50, pA 450 GeV

1

10

10

2|||||

#JPA :Jpp/@

o = 1 =2 no nuclear effects
a <1 - nuclear effects

-0, e o
=»oc,~0,Ae

* The larger o, the more important
are the nuclear effects

° L is the length of nuclear matter
seen by the resonance

L]

Effective quantities which include 12
all initial and final state effects



Nuclear effects vs X

» Collection of results from many fixed target pA experiments
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‘ Because of the a dependence on x; and energy
the reference for the AA suppression must be obtained under the
same kinematic/energy domain as the AA data



Nuclear effects

=)

- Size of shadowing effects may be
large - to be taken into account
comparing results at different Vs

~1.69 GeV?)

(2.Q°

P
i

R.

Interpretation of results not easy
- many competing effects affect J/y production/propagation in nuclei

anti-shadowing (with large uncertainties on gluon densities!)

final state absorption...
- need to disentangle the different contributions

[ — EPEOGLE ].4
= == B NOF
- 1.0
0.8
0.6
0.4
0.2
0.0
S [ R | R () R

m) Clear tendency towards
stronger absorption at low Vs

= 12
E EKS98 O NA3
g Iy % NA50-400
n 10| |E, =158 Gev
g 7 “0.28<y<0.78 ¥ NA50-450
> ] ® ES66
28 87 NAGO O HERA-B
" ®
K j
] E,,, = 400 GeV PHENIX
6— -0.17<y<0.33 ly|<0.35
4; power-law
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C. Lourenco, R. Vogt and H.Woehri, JHEP 0902:014,2009
F. Arleo and Vi-Nham Tram Eur.Phys.].C55:449-461,2008, 1 4
arXiv:0907.0043



Why CNM are important?

» The cold nuclear matter effects present in pA collisions are
of course present also in AA and can mask genuine QGP effects

Measured/Expected

»
»

[Ty

Anomalous suppression!

GJ/\V/NCOII
——
——
G3/y/ Neon/NUCH Qbs

»
»

L L

m) It is very important to measure cold nuclear matter effects before
any claim of an “anomalous” suppression in AA collisions

v

m) CNM, evaluated in pA, are extrapolated to AA, in order to build a
reference for the J/y behaviour in hadronic matter

15



J/w in AA collisions @ SPS

A long heavy-ion program has been carried out at SPS and several
experiments (NA38, NA50, NA60) were focused on charmonia study

=) PbPb collisions @ 158 GeV
=) Number of collected J/y ~ 100000
=) J/y width ~ 100 MeV/c?

Based on the NA50 apparatus improved with a pixel vertex detector in
the target region

m) High quality data, thanks to the improved experimental apparatus
®* ~30000 J/y

* J/y width ~70MeV
= Lighter colliding system: InIn @ 158GeV

to get further insight in the J/y suppression comparing lighter and
heavier systems at the same energy

116




J/y results @ SPS

=)

=
2]

In-In 158 GeV (NA60)
Pb-Pb 158 GeV (NA50)

-y
}

After correction for EKS98 shadowing

=
N

Measured / Expected J/y yield

0.7

o
T

'D-E-""I""I""I""I""I""I""I""I""

0 50 100 150 200 250 300 350 400 450
B. Alessandro et al., EPJC39 (2005) 335 Npart
R. Arnaldi et al., Nucl. Phys. A (2009) 345

R.A., P. Cortese, E. Scomparin Phys. Rev. C 81, 014903

Let’'s compare NA50 and NA60O results. The measured J/y is compared
to the expected yield extrapolated from pA data:

To understand anomalous suppression, the reference determination is crucial
- reference now based on NA60 pA data @ 158GeV, the same AA energy

Anomalous suppression visible
in central PbPb collisions

[

Agreement between PbPb
and InIn in the common
Noart region

PbPb data not precise
enough to clarify the
details of the pattern! 17




J/w measurements @ RHIC

Similar strategy as the one adopted at SPS:

AuAu @ Vs=200GeV
CuCu @ Vs=200GeV < lighter system
pp @ Vs=200GeV < for reference

dAu @ Vs=200GeV < to determine cold nuclear matter effects

PHENIX J/y—ete |y|<0.35 & J/y—-»putu |yl €[1.2,2.2]
STAR J/y—ete |y|<1

=) Results based on a smaller

~ 15000 J/vy in the forward region
statistics wrt SPS

~ 1000 J/y at midrapidity
arXiv:1103.6269

» The J/y suppression is studied through the nuclear modification
Raa OF the R, factors

Recent comparison with dAu data, in order to account for cold
nuclear matter effects in AuAu

18



J/w @ RHIC: AA collisions

arxXiv: 05.6269

Comparison of results obtained ¢ [T
at different rapidities o 14

Mid-rapidity \ |
H

Forward-rapidity \z it
sl

Stronger (unexpected) 04
suppression at forward rapidities 02

=)

m 2004 Au+Au, |y[=0.35, global sys. =+ 12%

e 2007 Au+Au, 1.2=|y|=2.2, globalsys. =+ 9.2%

== '
==
|||||||||||||||||||||||||||||

mid

A,
— — —
b B @
TTTTTT

global sys. =+ 10.7%

Paa oy

300 350

it
TTTT

Ratio RI7*™/ R

= =3

(=)
TTT]TT

=) No satisfactory theoretical description

oo o
=

Bl b bl b b

50 {00150 3002

=

m) Suppression larger than CNM

"‘32 i

expectations
m) Comprehensive understanding of the numerous CNM effects not
yet available
- quantitative estimate of hot matter effects still missing! 19



Comparison of RHIC/SPS results

» Have SPS and RHIC results already provided a clear picture of J/y
behaviour in a hot matter?

14
4— EKS98 CNM baseline EKS98 CNM baseline
® PHENIX y=0 B ® PHENIX y=0
®  NABO In-In 1.2 — ® NAGO In-In

W 4 NASO Pb-Pb

—
I,—l—?l—l—| T [ T T T

& ||

———

=)

Z

L

. : 2
NAS50 Pb-Pb o

>
14

IM

|l—i|J.Ji_|

| Narrow boxes: correlated sys - Narrow boxes: correlated sys

0.4 wide boxes: CNM baseline sys 0.4~  Wide boxes: CNM baseline sys

0 100 200 300 400 500 600 700 800 50 100 150 200 250 300 350 400
N N
d Idn|n=0

part

ﬂ Results are shown as a function of ﬂ Comparison done also in terms
the multiplicity of charged particles of number of participants
(~energy density, assuming

Tsps ™ TRHIC) 20



Comparison RHIC/SPS

» R,, comparison between SPS and RHIC

CAVEAT: at SPS no pp data

2 L NA38, S-U, syst =+ 11% .
o 14" S Nago i, sysf o = 119% taking @ 158GeV - need to
v NASO, Pb-Pb, syst =+ 11% build the reference extrapolating
PHENIX, Au-Au y=0, syst =4 12% _
1.2 E PHENIX, Au-Au 1.2<|y|<2'2, syst ., =+ 9.2% PA data to A=1
1 | ®) The initial estimate of the pp

reference was obtained from pA
0.8 % data at higher energy, 450 GeV,
- (and rescaled to 158GeV)
0.6 E > All Ry, looked similar!
041 @‘@‘T'HH, E H.] m) ...but recently the pp reference
0k 78 g e %\r was obtained directly from NA60
“r 0 pA @ 158 GeV
oLl iy Lo L L - the comparison looks different!
50 100 150 200 250 300 350 400
part
pp reference is crucial to =) _ picture not yet clear!

correctly interpret the results! 21



Theoretical interpretations

o explain

everal theoretical models have been proposec
similar suppression at SPS and RHIC:

1) Only J/y from vy’ and y. decays are suppressed at SPS and RHIC

- same suppression is expected at SPS and RHIC
-~ reasonable if T, (3/y) ~ 2T,

2) Also direct J/y are suppressed at RHIC but cc multiplicity high
-~ J/y regeneration (o N..2) contributes to the J/y yield

— The 2 effects may balance: suppression similar to SPS

Unfortunately data do not allow to clearly assess if recombination

can play a role at RHIC
J/v elliptic flow

- J/vy should inherit the heavy quark flow

Recombination is J/v vy distribution

measured inan 7| 5 should be narrower wrt pp
indirect way o .
J/y py distribution

> should be softer (<p;2>{) wrt pp 22




What should we expect @ LHC?

...many questions still to be answered at LHC energy!

=) Role of the large charm quark multiplicity
occ (LHC) =10 X occ (RHIC)

= will J/y regeneration dominate the J/y picture?

S (14w

e *};ﬁg """"""""""""""""""""" Regeneration?

0.75 |-

.50 -
In—In, SPS + .
i Further suppression?

= Pbh—Ph, 5P5
w Au-Au, RHIC, |v| < 0.35
a ASu—2aAu, RHIC, [vl=[1.2.2.2] e (CeV/iim™

i

1 2 3 4

m) Role of other quarkonia states (in particular bottomonium)

still (almost) unexplored in HI collisions
(<100 Y(15+2S+3S) in AuAu@200GeV - STAR) 23



References for PbPb data

=) To quantify the J/y behaviour in AA, it is crucial to have a well defined
reference
Gy, IN proton-proton at Vs=2.76TeV as PbPb

Two possibilities:

* In March 2011 LHC has provided pp collisions at 2.76TeV
* Evaluate o;,, at 2.76 TeV, relying on the 7TeV measurement and
rescaling it via FONLL and CEM calculations (syst. error ~15%)

reference process

=) Further insight on quarkonia in a hot matter can be obtained comparing
the measured yield to a reference not affected by the medium

== at SPS, J/y was studied wrt Drell-Yan ...but low DY rate at LHC
=) several proposals: Z°, open charm, open beauty...
Best reference should:

-~ share the same production mechanism with quarkonium
-~ have initial/final state effects under control 24




Quarkonium @ LHC

J/y>ptu  2.5<y<4  Prcoverage

ALICE down to
l/y>ete  |y|<0.9  Pr~0
(up tp now only inclusive 1/y results)
pr,>3GeV,
ATLAS J/y2>ptu ly|<2.4 In,[<2.5 0
-2 prJ/y>6.5GeV/c B,
(separation between B and prompt J/vy) |
pr coverage
CMS y>pru lyl<2.4 depending on
the y region
(separation between B and prompt J/vy)
. pr coverage
LHCb J/y>ptns  2.5<y<4 down to p;~0

(separation between B and prompt J/vy)
(no heavy ion physics program)




First PbPb results!

» Preliminary comparison of ATLAS and PHENIX data
. dN ce‘ntral/(Nm”cmtral)

pertp neral)

RCP - dN penpnerat/(N
. . . I . . .

Rep(dip)

c:tIJH :

)5

— & ATLASPD:PD P >3 GaV In <23 /[40-80%)
M
- —e—— PHENXAUsAUD >0 GaV iy |<0.35 //40-83%)

] 1 1 1 ]
ﬂ-‘-lﬂ &0

P. Steinberg, LPCC HI@LHC, March

80

100

1-Centrality %

2011

— = Centrality dependence of 1/y

suppression seems invariant
with beam energy in spite of
different

* s (factor x14)

® initial energy density (~3)

® kinematic range (p>0 for
PHENIX, p+>6.5GeV ATLAS)

®* no B feed-down correction
(4% PHENIX, 20% ATLAS)

At a first glance...first LHC results do not seem to clarify all open
questions...but new results expected at QM! 26



What about the Y?

Bottomonium states should be a cleaner probe, accessible at LHC

® More robust theoretical
calculations
®* No b hadron feed-down

...but with a lower
production cross section

» A good resolution is crucial to
separate the 3 Y states, which
have different dissociation

1

uppression Factor
o o o
=~ » (@]

S
o
oMo

temperatures . Y(1S) more easily

separated (higher significance)

=) Y was hardly visible in AuAu @

200GeV, but it has already
been seen at LHC!

- Y(1s)
Predicted
- Suppression
- Pattern
- (schematic)
Y(3s) and y'
oo b b b b by
0 50 100 150 200 250 300 350
Number of Participants
3 O TR
= - ng:.:si?: \éharge
8 40 — —+— Same Charge ]
g - N, = 50
% 30 - ]
g

-
o

o

N
o
T

1 ‘ 1 1 ‘ 1 1 ‘ Il 1 |
11 12 13 14
Dimuon mass (GeV/c?)




Heavy Quarl




Heavy quarks

Because of their large mass (m,~4.8 GeV, m_~1.2 GeV), heavy

quarks (charm and bottom) are produced in parton-parton collisions
with large momentum transfer Q2, at the initial stage of the reaction.

the study of their production is

- a useful test of the theory
- it provides a baseline for AA
study

tq.c

".a'r.

different interaction with the
medium wrt light quarks (dead
cone effect, see later)

- powerful tool to investigate
medium properties in AA
collisions

=) Important measurement for quarkonium physics

= Open QQ production is a natural normalization for quarkonium
- B decay is a not negligible source of non-prompt J/y

29



Heavy quark production

At high energies, heavy quarks are produced by hard scattering
- their production cross section in pA or AB collisions is proportional to
the number of hard scattering (number of nucleon-nucleon collisions)

- Binary scaling Opa=0pp X A

O-AB=0-pp X AB

» Binary scaling can be broken because of

=) [nitial state effects - present in pA and AA collisions ;
)@

®* Cronin effect 2 inducing changes in the parton momenta

®* Nuclear PDF - changes to the PDF in nuclei wrt parton ones

® Color Glass Condensate - gluon saturation at low x

| -
=) Final state effects > present only in AA collisions ‘o
0@

®* Energy loss/ jet quenching

30



Heavy quarks radiative energy loss

» In the heavy quarks case the energy loss should be smaller wrt light
hadrons: (AE) x @, erLz

m) Casimir factor (color-charge dependence)
- 3 for g interactions, 4/3 for g interactions
- heavy hadrons are mainly produced from heavy quarks jet
(while light hadrons are produced from gluon jets)

m) Dead cone effect (mass dependence)
- Gluon radiation is suppressed for angles 8 < My/E,

Q N e

Heavy flavour en. loss should be different (smaller) than the
light hadrons one

AEIighth > AEcharm > AEbeauty

=) Summarizing
J R, (light hadrons) < R,, (D) < Ry, (B) 31




Heavy flavour hadrons

Lower mass heavy flavor decay weakly with:
=) : ~ ps (produced in the first instants of the collisions)

=) c; ~ hundreds um (decay vertex displaced wrt the interaction vertex)

Mass (MeV) ct (um)

D°(ct) 1865 123 B°(db) 5279

BENCON | EETEN——

Dt Kntnt BR ~9%
» Large branching ratios to kaons: DO 5 K-X BR~E0%
DO > Knt BR ~4%

» Large semileptonic branching ratio decays ~ 10% (e* or u*)

Mass (MeV) ct (um)

460

100-200

A, (udc) 2285 60 B+ ( CE) 6400
=.%(dsc) 2472 34




Heavy flavour: experimental techniques

Let’s start considering the experimental techniques for the HF
study, which have been adopted at RHIC:

D, B reconstruction

Reconstruct D (B) from their decay products

- Most direct measurement, but complicate since it requires
good capability in the decay vertex reconstruction.

- In AA collisions it suffers from large combinatorial background

Non photonic electrons

Measure single leptons from heavy flavour decay (both charm
and bottom have relatively large BR ~10% to single e)

- More indirect approach, requiring an accurate knowledge of
the photonic/non-photonic background sources

Muons

Measure DCA (distance of closest approach) to separate p from
charm from p from n and K decay




Heavy flavour: RHIC results

DO>Knt
=) K, n identification from dE/dx (TPC).
Measurement at p;<2 GeV/c

D(D%—Kx pq<3 GeVic |y|<i
5 ®  Evenl-Mixing Background Subtracied
i Ewvent-Mixing+Linear Background Subtracted .
-~ Gaussian+linear Fit | .j
-=o-- Gaussian Fit

Counts [10°(5 MeV/c?)]

' Au+Au minblas ]
A W5 =200 GeV

£ .
#

o ww WARES o 4 3

m) Complicate measurement at RHIC TR wmamhmmf:

-1_||||||||| ||||||||||||

because of lack of vertex detectors e e e e s 3

Kx Inv. Mass [GeWc )
D from p

=) Muons identified combining TOF+TPC

m) Large comb. background (especially in AA
collisions) evaluated by event mixing

@ Inclusivep '[c'}_'

=== signal+bg. fit to data

-
o

=) Measurement at very low p;
0.17<p;<0.25 GeV/c

=) DCA distribution allows to disentangle p
from charm decay from p from n and K
decay

o
T T T T T

U fromm/K (simu.)

Counts [x10%]

e, from charm

Mk, T
uf 1 1 1 1 | 1 1 ."'."'"'-""'"I"'“""L“mmunu

0 1 2 3
dca (cm)




HF: RHIC results (2)

Non photonic electrons Au+Au @\/S.y = 200 GeV (Run-4)

. . . I|_5_|‘1[)2III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III
m) Electron spectra identification 2 40} — o
_ 2 44 mMinimum bias — s yee
9 STAR: dE/dX N TPC+TOF @ IOW pT, 210_1 Cocktall weums y cONVersion
EMC @ high p . e ] =5 Yee
T. o 10—2 S
- PHENIX: combined RICH and E/p z N\ e " = yee
(E from EMCAL) SN | Poee
» ) s g8, T a8
. . 1 0.5 me ) — @€, Tee
m) Rejection of non-heavy-flavour 108 = direct y
electrons, i.e. electrons from: 107
: 10°
photonic { y—>ete  conversions 10°
bck Dalitz decay: n%(n)— yete 1010 R — .
10 e
non_ hot- i - L1111 | L1111 | 1111 | 1111 | 1111 | 1111 |‘Irhll'1rl. | Lt L |J. Ll'j“j.mlu?rjlu
e ” K—env, vector mesons e* decay 107 g gy g gy ™y
quarkonium, DY PHENIX, arXiv:1005.1627 P, [GeVic]

— STAR: full inv. mass analysis of ete- and cocktail method

- PHENIX: estimated through “cocktail method” or “converter method”
and then subtracted 35




HF: RHIC experimental results - AA

Raa from non photonic electrons
®m) Heavy quarks energy loss was

2 [ (et+e)2 ]
€ [ AusAu (central) suy=200 GeV ] gxpgcted to fI:1:e I;edbucted becaustedof
" @ STAR AutAu 0-5% (PRL9S, 192301) T €ad cone €rrect...but unexpecte
A PHENIX Au+Au 0-10% (PRL96,032301) 1 R, behaviour observed!

.......... DVGL Rad dN_/dy = 1000
— — - BDMPS c+b 3= 10 GeV3fm

Same suppression as light hadrons!

:

Difficult to explain theoretically

.
......

l . = nphe v, similar to the meson one

o~
=

DGLY Rad+EL
01 L =====- van Hees Elastic — 0.15

non-photonic electron v,
Minimum bias

DGLY charm Rad+EL

Collisional dissociation
. | . | . | . L . L
0 2 4 (§] 8 10
p; (GeVic) 0.05

0.1

#44

:

wEgE$$%%

m) Cc and b not disentangled @ RHIC
because no vertex detector available P R TV T TV TRV TV O

T
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

- only indirect measurements priGevic)




Some R,, Interpretations...

g'l.a_ T T T -
N 0-10% central =
F DGLV (radiative) E
4 DGLV(radiat+collis.) 3
1.2 E
1; -.,I'!“ / DGLV(only charm)g
a.sf Il =
0.6 — Y
0af- < -
" EBDMPS e S——
0.2 E_ Au+Au @\Ja =200 GeV %

P, [GeV/c]

m) Collisional (elastic) energy loss
to be taken into account?

m) Energy loss models sensitive to
the B/D admixture
- important to establish b and ¢
contributions, since their en. loss
should be different (less important
for b)

W. Alberico et al. arXiv:1102.6008
G.D.Moore and D. Teaney Phys. Rev zC 71, 064904

1.65— (a)

1.4

RAA

: van Hees et al. (Il)

3(2rT) Moore &
12/(2nT) Teaney (lII)

1.2

o

1 2 3 4 5 [ 7 8 9
P, [GeV/ic]
m) Models should describe at the
same time the RAA and the v,
= New AdS/CFT calculations
also available
H. Van Hees et al. Phys. Rev. C 73, 034913
V. Greco et al. Phys. Lett B595 202 37

...and many more!



Heavy flavours @ LHC

RHIC results limited by lack of vertex detectors and small production
rate, especially for b

m) Plenty of heavy quarks produced @LHC!

LHC RHIC
PbPb@5.5TeV  AuAu@200GeV

3
T

5, (LHC) ~100 x o,(RHIC)

Cross section

1ub
=) All LHC experiments equipped with vertex
detectors crucial for heavy flavour study

0 10 T 1»:14 |
Energy (GeV)

m) D and B separation feasible at LHC!
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Heavy quarks @ LHC

»Similar analysis technique as those used at RHIC, with the improvement
due to excellent displaced vertex identification
For the moment pp results are available, ...waiting for PbPb results @ QM!

g T e HF, pp @Vs=7 TeV
g . MUON triggered data
2 m -4<n<-2.5
4| o0
sl‘“ = E — data

C FOMLL prediction

Muons

LY . .
10° " ALIGE Preliminary .
£, 10% prror op crossisection potingluded |,
2 25 3 3.5 4 4.5 5 5.5

do/dp; for D and B
decay muons in
2<p:<6.5 GeV/c
(main source of
background are decay
muons, removed with
simulation)

Non photonic electrons

g e

107 E

+ conversion

1i2np, dszdedy [GeVic]?
a a o a oa
o (=] o (=} (=)
& & IS & [}
L 7

-
<

2
m

i e b Lol
25 3 35 4
pTIGeV.'c]

Two approaches:
* Cocktail, a la RHIC, to

measure combined c+h

Cross sections

* Select e- with large
displacement to
separate e* from b

decay

D, B reconstruction

[ ppys =7 TeV, 1.1<10° events

2]

= S e
£ X F ]
00| 0 -, 1600 3
|§ i D" K L) Chas CMS Preliminary
I~ , 4
S F ALICE Performance 1400 \s = 7TeV b
8 5001 24/08/2010 S ]
R L1200 3
5t § ]
400 W1000]— o
F N 800 £ B
M1 <p? <2 Gevr F ]
r 600 E
g/ SiGnificance (30) 4.6 1.0 F ]
[ s(30)207:43 1000 E
[ B(3c)1806=22 . o ]
E 200 3
Mean = 1.865 + 0.002 E ]
r Sigma =0.00820.002 ol bl .

TN TN TR P TR 44 0.146 1

1148 0.15 0.152 0.154 0.156 0.158
175 18 1.85 19 195 2 20 M(Knrg) - M(Kr) [GeV/c?]
Invariant Mass (Kr) [GeV/c?]

Selection based on
displaced vertex
topology.

Precise tracking and
vertexing required!
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Conclusions

» Many questions are looking for an answer from LHC data!
the picture seems indeed quite complicate,
...but, hopefully, putting together

all the pieces of the puzzle the
scenario will be clarified!
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How to compare pp and AB data?

Ran dN?,; is the differential yield for a
R dN? AB —7 process P in AB collisions
AB — P dN"yy is the differential yield for a

o (Ngon) AN" iy ™= process P in NN collisions
12} _

tof === -2 Rm=1_ m) If the process yield scales with the

08 "hard" binary collisions

osp [ Raa® > Ry, =1

ﬂ.4: "SOﬁ" AA

02f =) If the binary scaling is broken:

00 1 2 3 4 5 - RAA = 1

Tranverse Momentum (GeV/c)
R
= m) If there is binary scaling

the probe behaviour in central > Rp =1

and peripheral collisions is

compared m) If there are effects affecting in a

I . different way central or peripheral

R — dN /{N_., ) collisions

cP

- peripheral peripheral
dN /{N__, ) > Rep # 1 4‘12




Cronin effect

Incident partons increase their transverse momentum, because of
multiple scattering in their path through the nucleus A

dN
=) Projectile partons will acquire an extra -
transverse momentum (k1) which will
contribute to increase the transverse
momentum of the produced hadron

< 1.4
1.2
1.0
0.8

=) At very high p;, the contribution of 06
this extra k; kick will become a 0.4
negligible fraction of the measured 0.2

rrT T 17T 1T T T TTTTTT1

Shift toward
higher p;

"soft"

pr (~0 for pr>x) 0.0

o

1 2 3 4 5 6
Tranverse Momentum (GeV/c) 463



Nuclear PDFs

PDF in nuclei are strongly modified with respect to those in a free nucleon

(i @Dran @ x>

nPDF: PDF of proton in a nucleus free proton PDF

valence quarks sea quarks gluons
I I I I I I : I Fi

R(AX,Q?) - LX)

) 2 - 14— 14
fl’l(X,Q ) “% 12 L : N g 12
S 10 PRSP T : 7=~ 10
2 08 0.8
. . ol . | = This work, EPS00LO | .
Several parameterizations % [(F —-Ess -
7 o |
to convert free nucleon g5 oaf oI L - 02
pdf into the nuclear one 00
10 10 10 10 10 10 10 10 10 10 10 10 1
T xr X
quark,antiquark gluons
- probed by DIS and Drell-Yan data - more indirect connection
- nuclear effects well constrained, between gluon densities and data
parameterizations give similar results| | - larger spread of results

44

=) | HC data cover an unexplored domain (small x, large Q2)!




Energy loss

A decrease in the parton energy implies a reduction of the momentum
of the produced hadron

A parton crossing the medium lose energy because of two mechanisms:
m) Scattering with partons m) Gluon radiation

- collisional energy loss - gluon bremsstrahlung
> dominates at low energy —~ dominates at high energy

(AE) X Cr@{ (BDMPS approach)

//
En. loss proportional to L?, taking into

Casimir factor

- 3 for gg interactions account the probability to emit a bremsstralung

- 4/3 for qg interactions gluon and the fact that radiated colored gluons
interact themselves with the medium

g = transport coefficient, related to the medium characteristics and to the

E)IUOIT density C:INJ;Y £ g ~ 0.05 GeV?/fm - cold matter
allows an indirect measuremen § ~ 5-15 GeV2/fm - RHIC
qg ~

of the medium energy density 100 GeV2/fm > LHC ? b
' 4




Backupyr:

Heavy Quarks




Hadron production cross section in pp can be calculated in pQCD

Ohhatx = PDF(x,,Q%)PDF(x,,Q?) ® Cab>¢q @ an)H(Zq:Qz)

Parton Distribution Functions Partonic o Fragmentation of
X4, Xp = fraction of the momentum computed in pQCD quark g into the
carried by the a,b partons in the hadron NLO: MNR code hadron H
Fixed order NLO:
FONLL
Assumptions: h.

™) ractorization between the hard part E rlifii%ragmentation
and the non perturbative PDF and p (non-perturbative)
fragmentation function D, (z,,Q?) /1

—— A N
) . | 1 [
m) Universal fragmentation and PDFs (e.g \/ X |fBI' .
PDF from ep, fragmentation fz. from ee, Hard Scatter \ 7/
: ey ¢ \/
but used in pp data) (perurbative) £ parton Distribution
in nucleon

(non-perturbative) 4



Ohh>Dx — PDF(XaIQZ)PDF(XbIQZ) ® ab%cc® DC%D(ZCIQZ)

Partonic ¢ computed in pQCD
Perturbative expansion in
powers of o

NLO: MNR code
Fixed order NLO: FONLL

A4

Parton Distribution Functions
X5, X, = fraction of the
momentum carried by the a,b
partons in the hadron

Fragmentation of quark into hadron

D and B mesons should have a large
fraction z of the quark (c or b)
momentum - harder fragmentation
functions, peaked at z~1

" [—— Peterson (= = 0.015)

F - Colangelo-Nason
(=09, p=6.4)

Several parameterizations adopted
(tuned on LEP D measurement) 48




Parton Distribution Functions

PDFs: probability of finding a parton with a fraction x of the proton
momentum, in a hard scattering with momentum transfer Q2

m) PDF are obtained by means of a global fit to experimental
data, for one or more physical processes which can be
calculated using pQCD, such as deep inelastic scatterlng
and the Drell-Yan process

3 CTEQ 4L, Q° =5 GeV?
pE‘DE T T T T Tt 1 I 1 ""'g
™) PDFs depends on the Q2 value &4, : ]
o gluons 3
b [ — N
=) The Q2 evolution can be o s\
calculated in pQCD, using the 10 ¢ el o quarks ;
DGLAP equations 1u"5""’"'“- \:
1071
LHC RHIC |
1"4 I vl il TR A TR TIT Lif
10° 10° 10° 10° 10” 1



Fragmentation Functions

D,5n(z,Q?) represents the probability, at a given scale Q,
that a quark g originates an hadron H, with a momentum
py Which is a fraction of the quark momentum (py=zp,)

D (2,07 )
QTQTQ fL} ) WTI{'TPTD?B?P}I?”‘

=) Fragmentation functions are extracted from ete data.
Like the PDF, they should be universal

m) As for the PDF, these function depend on Q2
- they are measured at a given Q?,; and their evolution is
studied using the DGLAP equations
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nPDF for SPS, RHIC, LHC

fp(X)/fp(X)

A

given particle probes shad/antishad. region, according to its x value

=) In a LO 2> process: gz, — 2MT Ly T = 2T —y

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0

N V5
- the probed x region depends on y, m; and Vs
Valence quarks Sea quarks Gluons
EPSO09LO

10* 10° 10° 10" 10* 10° 10?2 10" 10* 10° 10°% 10" 1

X X X
Example (y=0):

= J/y @ p=1GeV/c SPS(158GeV) x ~ 0.4

LHC(7TeV) x ~ 0.001 51



Charm and beauty have been measured at Tevatron @ Vs=1.96 TeV

Good agreement between NLO Charm production ¢ higher than
pQCD (Fixed Order + Next To data (~50%) at high p+, but still
Leading Log - FONLL calculation) compatible with theoretical
and experimental bottom data uncertainties o' - ~

10! — T T T [

L
T

-t
=)

davdp,  [nb/{GeVie)]

—
=
[

do/dp(T/¥) BR(H,~I/¥) BR{J/¥-up) (nb/GeV)

1 L
B [GeViE]

10—3 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0 ] 10 15 20
pald S¥) (GeV)




g dependence

i ——
e

no k loss

*
-------------------

,4_-.... T | L
2

' Eloss, Q=4 GeV/fm -
= Eloss, 4 =25 GeV/fm
E loss, § = 100 Ge\/fim -

TR

Al
A

—
T T T

§ = 25--100 GeV*/fim

Mo E loss
— E loss, m, = 0

m E lOss, m_ =12 GeV

D meson R
=
o

c o
-
1 I | I B |

o
L)

'l B AN B A
1550

D meson p, [GeV]

=) Increasing g
(AE) x a, C,gL2

- En. loss increases

- Rpa decreases

Summarizing

15 20 25
D meson P, [GeV]

=) Increasing m,
9 < My/Eq

O350

- En. loss decreases
(dead cone effect)

- R, INCreases

| AEIighth > AEcharm > AEbeauty
Raa (light hadrons) < Rya (D) < Raa (B)

Al
[®

B meson R
o o o :
4 [#}] co e
TT T [T T T [T T T[T T T[T T T[T

o
)

2

=

Charm mass dependence Beauty mass dependence

§ = 25--100 GeV?ffm -

Mo E loss
— E loss, mb =0

— E 0SS, m, = 4.8 GeV

15 20 25
B meson P, [GeV]

5 10

Increasing my

- En. loss decreases
(dead cone effect)

= R, INCreases

- Larger effect with
respect to charm,
because m,>m,

53



A parton crossing the medium can lose energy because of

two different mechanisms:

m) Scattering with partons > collisional energy loss
- dominates at low energy

=) Gluon radiation > gluon bremsstrahlung

—~ dominates at high energy g

The reduction in the parton energy translates
to a reduction in the average momentum of
the produced hadron, i.e. to a reduction of
the yield at high p; wrt pp collisions

Because of the power-law shape of the p;
spectrum for p:>3GeV/c, a modest reduction

in the parton energy produces a significant
decrease in the hadron yield

E-AE

Spectrum in pp

J Quenched spectrum

Pt



Several tools needed experimentally to study heavy flavors:

m) silicon vertex detectors (microstrip, pixels)

primary vertex -
ae
o ?yﬂ‘ﬂﬂ . decay vertex
"

Tracks from heavy flavour decay are displaced by ct ~ 100um wrt
the primary vertex - Typical apparatus have impact parameter
resolution of ~70(20)um @ p~1(20)GeV/c

—>Available in LHC experiments and foreseen in RHIC upgrade

m) e,y identification PHENIX SRICH, em. calorimeter
STAR = TPC, em calorimeter, TOF
ALICE - Muon Spectr.,, TPC, TOF, TRD, EMCal
m) charged kaon identification gTAR = TPC
ALICE > TPC, TOF
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Data/FONLL

Long standing discrepancy between PHENIX and STAR non photonic

electron results (pp, AA) inthe « _differential distributions
* integrated cross sections

10 T T T T III T T T T T T | T T T | T T 1 ¢ r—1 1 1 1T 1T "7 71 1 I 1 1 I I 1 1 1
- i 6 STAR: arXiv:1102.2611 _|
B ¢ STAR: PRL 94(2005)62301 4 _ PHEMIX: PRL 97{2006)252002
8— v STAR: PRL 98(2007)192301 —| ]
- s+ PHENIX: PRL 97(2006)252002 ] |
. — FONLL =
6— 1|l m e FONLL uncertainty - 2 o
— — D —]
- | 1 @ i
NN ATIITTNEE _
H H H H H $ $ H ] ° ]
2 o @@M@@@@@T@@.@..@ ...... B B — % ........... - -
o I ------------------- || ------------------- T , i [ ' I T T T R | N TR TR T A S N I |
% 2 4 6 8 10 0—— 1 5 B 10
p. (GeVic) P, (GeVic)

m) Re-analysis of STAR pp data (affected by an error in the evaluation of
the background level) improves the agreement with PHENIX results

=) Comparison with FONLL estimates - results are in agreement 56
within the theoretical uncertainties of the calculation



Bottom en. loss should be smaller than the charm one

R T -— oo e
04 +
0.2 +
dm,
0+ I | I I I
2 4 6 8 10
p. [GeV]

m) c identification from charge correlation
of K and e from D decay (PHENIX)

=) small azimuthal angular correlation of
e-h pairs from c or b decays (STAR)

=) DO correlations (STAR)

bottom contribution ~ 55%

(for p>6GeV/c)

AEg > AEcharm > AEbeauty

m) Results are sensitive to the
charm/beauty contributions

=) Not easy to disentangle c and b @ RHIC
because no vertex detector are available

2

More indirect measurements:

1.4

_ @ e-D" (PYTHIA fir)

- ¥ e-D" (MC@NLO fit)

- i e-h, Run5 (PYTHIA fit)
_ A e-h, Run6 (PYTHIA fit)
— @ PHENIX e-h, Run5+6 (PY THIA fit), prel.

FONLL

STAR & PHENIX

1.2 Preliminary

B/(B+D)

=Y

=]

.6

0.4

0.2

EI 10
P, (GeVic)



eDO correlations (STAR)

: : - STAR Preliminary © " 2331161
small azimuthal angular correlation of  o.2sf " BIB+D) 0.3251+ 0.0518
e-h pairs from c or b decays (STAR) 02;
> [%
Z.b :-
\50.15:
c identification from charge correlation < o4
of K and e from D decay (PHENIX) o i
05
eK pairs from B are mostly like sign 0%3..
eK pairs from D are opposite sign )
E-U,UZE:
= T & php 200 GeV, p™* = 3 GeVie
g 0.02 N Sis.\ltﬁn —_— :"fl']'l 11A, L‘lla:llll theauty (fit)
_';., E o weees MO@NLO, charm+beauty (fit) |

=1
L =]
=
(3]
-E
|

0.01 =

1 [ 1 1| 1 1 1 1 é 1 1 1 1 3'
I /o{u,n"} [rad]

essentially from B ~75% from charm
decay only ~25% from beauty

—_—

0.005

&




= LR LI DL R R - ET T T I I I I I
(] - . e =
; 3 300E- CMS \5 =7 TeV 3 & CMS \5 =7 Te
B accessible o % Cosgpt 3 g L= 5.8 pb”
at LHC' S 250F ct > 100 um 3 S 10*
= . g
& 200 ] 10%
] - m |E T
1501 - 10kt
100fk 3] ' S
= B+ y K+ .
s s g d el
Mg [GeV] ct [em]

10

—
e

doldp_(pp — B'X; |y | <2.4) [ub/GeV]

102

= CMS \s=7 TeV =
= -1 ]
= re— L=5.8pb ]
T BF {3.5%) and Lumi {11%) uncertainties not shown ™|
§ ——— PY¥THIA (MSEL 1, CTEGQEL1) S o == __i
- MC@MNLO [CTEQEM. m_= 475 GeV) = __11_ ————
oo MC@NLO total uncertainty 1
| CMS5 Data 1
E 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 3
5 10 15 20 N 30
B p_[GeV]

CMS: arXiv:1101.0131

B detected using invariant
mass spectrum and secondary
vertex identification

Reasonable shape agreement
with NLO MC, but normalization
of data 1.5 higher
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STAR arXiv:1102.2611
T ) pp @ Vs=200GeV

10° ¢ measured (B—el+(B—=D—e) o measured Doe |
E FONLL (B—e)+(B—D—e) E
F - FONLL (B—e)+(B—D—e) uncertainty —— FONLL D—e
[ - -- FONLLB—D—e .
4| —-—- FONLL B—D—e uncertainty -~ FONLL D—e uncertainty i
';‘10 gr\\ 5
3L B as already observed @
£ : Tevatron, good agreement
F10°p between b cross section and
b ] FONLL, (very) small
1 RN . discrepancy between c and
o i RN FONLL
: N : N
E. P T TE R ".[' | |EE| TR N T IR N ! L |:_
= : ]
Lot ] 1
0 i 5 ; i ¢ ;
P; (GeVic) P; (GeVic)

‘ GFONLL (bOttOm) = 1.87 +O.99 _0-67 Hb
Oyata (DOttom) = 1.34 - 1.83 ub (according to PYTHIA tuning)

Gyata (Charm) = 551+57 -195 pb PHENIX arXiv:1005.1627 60



Similar approaches adopted in the other LHC experiments

+
Dﬂ—}KIE DT — Knn ~ 1000 — T3
i) ] r.;'muu_— — L — 4 2 900 =2 ATLAS Preliminary N\s=7TeV L, =14nb" E
= . = C 1 o F ® Data2010 3
@ 500 LHCE M. =d4542+ B0 1200F- 4 — 800F =
= Preliminary ! 2] % s LHCE 1 ¢ $ \ Dt>kknr :
o~ — o=(8.4+02Mevie] 2 F Preliminary 3 2 7q9 g
5 400 =l = 1000 w5 = T TeV Dot 2010 ] @ o =
o E s0of- Mooz dmserr 40 600 E
E 300 & E Fgama T B2 MoV %‘1 500 £ —E
£ soof- 2 b E
E 200 : S 400 g 1
400} = E
C 300 E fit :N(D") = 1667 + 86 ]
100 200 200 = M(D*)=1871.8+ 1.1 MeV [
o il P TP S F - i _ 100 [ olM(D))=19.7£ 1.2 MeV =
1820 1840 1860 1880 1800 1800 1850 1800 185 T L1 =
m,._ in MeV/c?, PID K)=PIDK(z) miK 7t r*) (MeVic’) 0
b 1 K(K)= . 1.6 1.7 1.8 1.9 2 2.1 2.2
M(Knr) [GeV]
b3 SN N L I IR R R IR A IR DR R B B, 1Y L LI L I I I B Y
— [ -
> 16001 - 4 5
= C CMS Preliminary - g C * 1 21800 F amamo o T
9 44000 \s = TTeV 3 in2s00[- D 2 g ATLAS Preliminary \s=7TeV L, =14nb 1
o - — o B 71 w1600 F)ala 2010 » .
-~ - - — B B [ @ right-charge combinations M X
] [ _ n L 4 o 1400 i— === wrong-charge combinations . —i
51200_ {  E2000- T oqo00fF 1
= C ] g r = 81200 — -
1000 1 & ¢t B E £
. ¢ - 1 Etooo - =
B ] 15001— - 3 E E
o0 CE : 1 E ok :
r . = 4 O 600 | fit : N(D*) = 2020 + 120 —
600~ " - 1000~ - 400 ; AM=14554£0.05MeV ]
a0l B - Y CMS Preliminary - 200 ;i (A M) = 0.85 £ 0.05 MeV i
F ] r \s=T7TeV ] T e
r D>|< ] 500_ - 0.14 0.145 0.15 0.155 0.16 0.165 0.17
2001~ . L N AM = M(Kzr,) - M(Kx) [GeV]
0_ | L1 | | | L1 | L1l | L1 ‘ L1l | L1l | L1 ‘ L1 | | 0_ | | | | | | L1 | | | L1 | L1 | | | | | 1
0.14 0.142 0.144 0.146 0.148 0.15 0.152 0.154 0.156 0.158 0.14 0.142 0.144 0.146 0.148 0.15 0.152 0.154 0.156 0.158
M(Krr) - M(Kr) [GeV/c?) M(Krrrng) - M(Krzr) [GeVic?]
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Glauber model

‘ Geometrical model to describe the collision between two
nuclei with impact parameter b

Assumptions: Nucleus-nucleus collisions are described as a
superposition of independent nucleon-nucleon collisions

Ingredients:
the nucleon-nucleon inelastic the nuclear profile densities e.g
cross-section (~30mb at SPS) a Wood-Saxon distribution

g 118E — Ph (A=208}

£~ E
G

= =
@ A
E F
(=R i

o

; n:: ,.ﬂ'{?‘}=l+
: R B B
L) ! 10 | alhratons Fesm momantim fRele L
Output: num. of participant nucleons &
Allow to obtain several number of collisions ;

information as a function of overlap region

the impact parameter b:
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Find a good probe...and calibrate it

How to study the medium created in HI collisions?

== Using a probe produced early in the collision evolution L ACUUM
so that it is there before the matter to be probed
®* Well understood in pp collisions t
* Slightly affected by hadronic matter B ATTER

* Strongly affected by the deconfined medium -
How to calibrate the probe?
== Using, as a reference, another probe not affected by the hot matter
- photons, Drell-Yan dimuons

== Using “trivial” collision systems, to understand how the probe behaves
in absence of “new physics”

- pp, PA, light ions collisions
- comparison of peripheral vs. central collisions

Which probes?
* high p; hadrons, jets

“hard probes” == ° Open heavy flavors (charm and beauty)
e quarkonia (3/y, w(2S), Y(1S), Y(2S), Y(3S)) 84



What is quarkonium?

with m,; < 2m,(my)

Quarkonium is a bound state of g and g

=) According to the quantum numbers,
several quarkonium states exists

2900 —

3700

Lt
Ln
=
=

3300

Mass (MeV)

3100

2900

Charmonium (cc) family

| X(3872) 4 DD* Threshold
=g -rT- ------------------
_t_) _2_ gy D2
— DD Threshold

10500

10200

Mass (MeVic®)
2
=]
=

9600

Bottomonium (bb ) family
10800

n,a8) TES)

- h

1,(28) T(2S )

h

9300

BB Threshhold

:::b(zp} h,(2P)

"""" D1D)

?ﬂhHP} hy(1P)

0,1,2%t 17 123"




Color Singlet Model Color Evaporation M. Iilm:

Proposed soon after the || 00 pair evolves in Inclusive quarkonium
J/v discovery quarkonium if mgg<mp production cross

. independently of its section is a sum of
QQ pair is produced in a | color and spin short distance coeff.
color singlet state, with and long distance
the same quantum Probability to evolve into || matrix elements:
numbers of the final a certain quarkonium .
quarkonium state depends by a (i > J/y)= Z%Q[n]<0,f/‘”>

constant F which is .

Unable to describe energy and process
Tevatron data. independent This approach includes
However, recently NLO CSM and CEM as
and NNLO corrections Works rather well, but special cases
have been included to no detail on the

improve the agreement | hadronization of the qqg Charmonium can be
- | pairtowards the bound | produced also through
state the creation of a ¢¢
color octet state

00



Statistical hadronization

‘ J/y production by statistical hadronization of charm quarks
(Andronic, BraunMunzinger, Redlich and Stachel, PLB 659 (2008) 149)

charm quarks produced in primary hard collisions

survive and thermalize in QGP

charmed hadrons formed at chemical freeze-out (statistical laws)
no J/y survival in QGP

Jnr
RAA

Z-SED-E EI LA

LI LI I T |
- Au+Au 0-20% (N__.=280) 3 12 ® RHIC data
e o7k pan B - )
R G, PQCD FONLL 1 o -
06F — o, PHENIX + L \s o
osk +shadowing{dAu) E? . —

oab T | 8

D-SE— E 2 04 ey
I $ 3 C Model EE
: $ + 021~ —— LHC

oI F L |RHIC| I R

| P N TN T BN 1 0050 100 150 200 250 300 350

2 1 0 1 2 N,
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Good agreement between Recombination should be

data and model tested on LHC data! 67



X, scaling

3110
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‘ Shadowing effects (in the 2>1
approach) and final state absorption

Sy ~ My, % scale with x,

X,

if parton shadowing and final state
absorption were the only relevant

mechanisms
o should not depend on Vs at

constant x,
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The first CDF results on J/vy
direct production revealed a

LO CSM: J/1|;-I|-cc e
LO CSM: JAy+g
CDF data =——

>
O
9
striking discrepancy wrt LO CSM < RN
=) The agreement improves in g OTi B
NRQCD approach X T
=) ..but situation still puzzling, =0.001 ¢ RS T
because polarization is not - E S e, i
described! - 1e-04 ' D —
~ 5 10 15 20
eae e P (GeV) (@)
i)
L Roen Recently many step forwards
L= kyfactorization (i.e. NLO and NNLO

Yhee— corrections...)

m) Open questions, to be
investigated at LHC!
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pp collisions

pp results should help to

understand the 1/y production mechanism
provide a reference for AA collisions (Rpa)

dAu collisions

In a similar way as at SPS, CNM
effects are obtained from dAu data

RHIC data exploit different x, regions

corresponding to

- shadowing (forward and midrapidity)
- anti-shadowing (backward rapidity)

o PHENIX preliminary ~ ® RHIC2006ye [-0.35.0.35]
© 107 o, s RHIC 2006y e[-22,-12]=
= [ E
Q TR e RHIC2006ye[1.2,22] J
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"_F 10.‘1% C“]loba‘l Sca‘le Ur‘lcertellinty | 3
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L5 |~ antishadowing Fermi-
i motion
2 T
10 .__.. .....................................
< .o -
o~ B EMC-
0.6 B effect :--ye
Yo T shadowing :
02 X, X,
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Comparison with SPS results (2)

Good agreement between the SPS and RHIC Ry,

0.2

r

Nuclear modification factor

O PHENIX, Au+Au, |y|<0.35, + 12% syst
o NASO, Pb+Pb, O<y<1, + 11% syst.

& NABO, In+In, 0<y<1, + 11% syst.

0 NA38, S+U, 0<y<1, + 11% syst.

[PHENIX, PRL98 (2007) 232301]
[NA60, PRL99 (2007) 132302]
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Fraction of J/y from b hadrons
o o o o o
Y [\ w E =Y (8]

(=]
o

What about J/y from B?

J/v from B can complicate even more the picture

_ CMS \Vs=7TeV 314 nb’ B
- ¢ 16<|y|<24 ] 7
SR - 7 = 7 TeV pp results show that the
- J{{I - fraction of J/y from b hadrons
- 1 - does not strongly depend on
- . - energy
- i Ii B we can assume the same
E et {  trend at 2.76 TeV
— Hﬂ%ﬂ - CDF Vs=1.96TeV |y| <0.6 —]
L { PRD 71 (2005) 032001 ]
R
CMS, arXiv:1011.4193 p; ¥ (GeVic)

Fraction of J/y coming from B do not suffer suppression in the medium

)  butifBis strongly quenched by the medium, the fraction of
J/y from b hadrons (vs p;) will change

More hints from ATLAS and CMS which will be able to separate
prompt J/y from those from B decay also in PbPb (?) 72



Quarkonium LHC results in pp

New results presented

by the 4 experiments

=) Differential distributions (y, pr)
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Y results

= [T T T " Total Sum
Y hardly seen at RHIC, while z . RUNGPP =32.,(E'EL";E§")’
now at LHC the Y family is South Arml == Upsien(is+zs+3s)

fully accessible

arXiv:1012.5545

h CMS, /5 = 7TeV 3

.......
................
--------

of

85 9 95 10 105 11 115 12
pt s mass (GeV/c?)

~— 2.2<y<-12
PH-<ENIX Preliminary

I

10

p*y” invariant mass[GeV/c?]

m) Extremely important measurement:

- More robust theory calculation (due
to heavy bottom quark and absence of
b-hadron feed-down)
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Y results in AA
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Y yield determined by:
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