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LHC and ALICE 3

ALICE is the LHC experiment dedicated to heavy-ion physics
Due to very good tracking and PID — measurements down to
low transversal momentum.
But also pp and pPb collisions are interesting for us!

Baseline for comparison with PbPb collisions

Check QCD predictions

For ALICE

~100 kHz — interactions in pp
~500 Hz in PbPb

Collisions (2009--2013)

p-p @ 0.9, 2.36, 7, 8 TeV
Pb-Pb @ 2.76 TeV
p-Pb @ 5.02 TeV

Next slides
Some more details about ALICE
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ALICE Experiment 4

eMcaL B80T ms  FMDTO & VO

TRD tracking

chambers

HMPID muon filter

PMD ; ’//
ZDC ~116m. APPSR trigger
from IP X = chambers
. . ZDC ~116m
from IP
|~ 1 |2l + pL
n=xin(=
L7 21 Pl —pe )
§
n = —Injtan(3)]
Central Detectors — |n|<0,9
PHOS  absorber dipole magnet EMCal: |n|<0,7
V0 — Collision trigger and multiplicity Muon Chamber: 2,5<n<4

TPC (Time projection chamber) — Tracks
and Particle identification — PID)

ITS — Vertex, tracking and PID

EMCal — Energy

Let's see in details
ITS, TPC and EMCal
verpool - Charm physics with the ALICE Experiment



QGP — Quark Gluon plasma
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Phase transition

High interacting matter
Almost superposition of nucleons

arXiv:0901.3831v1 [hep-ph]
L. Kluberg and H.Satz
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F Karsch, E. Laermann
and A. Peikert: Phys. Lett.
B 478, 447 (2000) 8, 9
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Some QGP Signatures 7

There are several signatures of the QGP.

Let's focus on some them:

- Elliptic flow, correlations

* Collective expansion/behaviour of the QGP
- Heavy flavour production

 Transport properties of the QGP
- Quarkonium production

« Deconfinement in the QGP
 Supression or regeneration mechanisms
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Pb-Pb Collisions 8

Thousands of particles in a single event
Very challenging! And also exciting!

Example:
ALICE at LHC
Pb+Pb @ sqrt(s) = 2.76 ATeV

2011-11-12 06:51:12
Fill : 2290

Run : 167693

Event : 0x3d94315a

Let's discuss briefly about Centrality and RAA in PbPb
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Centrality (Pb-Pb) ?

Impact parameter of Pb-Pb collisions
— It is important for comparison among mode|
anddifferent experiments
— It cannot be measured directly
(Multiplicity and Glauber)

Participants
Spectators

ALICE Data

S EALICEPb-Pbat 5, =276TeV

L& [ + Data :

£10° £ —— NBD-Glauber fi i

5 PN HONGD

Lu10_4 \\ f=0.801,1=293,k=1.6 ;

Glauber Model: R *
-N_,N_associated with the impact — :
part coll 107° =
parameter b of the collision. E
ol .0 o o o B
oart par‘rucupan’rs, S 2| g S = Ny g 3
_) 0 [ [ l 10-7 -\ | | L1 1 | L1 1 L1 1 ‘ I | | L1 1 | [ | | | | ‘ L1 1 ‘ L1 1 ‘ I 11 =

Ncoll N° binary collisions. 0 5000 10000 15000 20000

VZERO amplitude (a.u.)

CERN-PH-EP-2012-368
arXiv:1301.4361v1
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RAA 10

Nuclear modification factor
A good way to compare production (pp collisions)
with the influence of the hot matter created in PbPb collisions.

1 dzN /dp,dn
Ncoll> dzN /dedn

Ncoll — Number of binary collisions

RAA(pT)=<

RAA ~1 — There is no influence of the QGP
RAA <1 — There is influence of the QGP
RAA > 1 — Some sort of enhancement

A similar factor RpA is used in p-Pb collisions
Disentangle the effects from cold nuclear matter: Shadowing,
multiple scattering, etc.
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Charm and beauty in ALICE 1

Open charm: Charmonium: J/g%ee
D — Hadrons
Do>e+X Beauty: B e+ X,
N, — TKp, pKo B> X+ J/y
at forward rapidity: measure with muons
Features What is needed to detect them
"Rare" decays excellent tracking (TPC + ITS)
Displaced secondary vertex as good vertexing + impact parameter
signature of heavy-quark decay: resolution (ITS)
= 60um — 300pum
High combinatorial background, good Particle IDentification
Specially at low momentum (TPC, TOF)

1 — 1 will talk about open charm, charmonium. Discuss analysis: J/{ and AN

2 — | will follow with elliptic flow for charm physics.
3 — 1 will discuss ITS upgrade.

January 29, 2014 HEP Seminar Liverpool - Charm physics with the ALICE Experiment



Open charm as a probe of QGP

Marcel Figueredo — March 15", 2012 — Junior's Day

12



Open charm

* In pp collisions

- Baseline for a comparison with the production in Pb-Pb collisions
- Since heavy quarks have a larger mass
« They can be studied by pQCD

— Due to asymptotic freedom — small a,

* In p-Pb Collisions

« Cold nuclear matter effects.

- Not due to QGP formation.
- Shadowing (changes PDFs), multiple scattering, etc.

* Pb-Pb Collisions

- Heavy quarks are produced mainly in hard scatterings at early stage in
the heavy-ion collisions
- They are very good probes of the medium.
- Energy loss of partons.
- “Dead cone” effects

- A mass hierarchy in the RAA is expected
Marcel Figueredo — March 15", 2012 — Junior's Day
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Open charm in pp collisions (ALICE)!*
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pQCD predictions in agreement with data

JHEP01(2012)128 (arXiv:1111.1553)
Predictions: FONLL (CERN-PHTH/2011-227) , GM-VFNS (arXiv:1202.0439)
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Radiative energy loss
path length L

- >
2
A <kT > Transport coefficient
q ——
A
BDMPS-Z formalism
df éLz Distribution of radiated-gluon energy
w— xCp,[—
dw W

CR — Casimir coupling factor: 4/3 for quarks and 3 for gluons
Mass hierarchy — RAA® > RAA® > RAA™

15

Baier, Dokshitzer, Muelle, Peigné, Schiff, NPB 483 (1997) 291

Zakharov, JTEPL 63 (1996) 952
Salgado, Wiedemann, PRD 68(2003) 014008
HCPSS2013, CERN — A. Dainese
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“Dead cone” effect 16

0 < mglEq

Gluon radiation supressed: It depends upon the quark mass

0- rd ﬁﬁ Mass hierarchy — RAAB > RAAD > RAAT

Gluonsstrahlung probability

1 “Dead cone” effect
oC
J (62 +(m, /Eq)z]z Lower energy loss
o Y A Dokshitzer
2 = 4
ds d/ mg 1
w— =w— x| 1+ 5
dw HEAVY dw LIGHT EQ 6

Dokshitzer, Khoze, Troyan, JPG 17 (1991) 1602
Dokshitzer and Kharzeev, PLB 519 (2001) 199

HCPSS2013, CERN — A. Dainese
January 29, 2014 HEP Seminar Liverpool - Charm physics with the ALICE Experiment




RAA Measurements (ALICE) 17
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RAA of D Mesons compatible with pions, given the current statistics.

RAA of D Mesons (higher momentum) is lower than those measured for non-prompt J/{
Results are in agreement with it was predicted.
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D_Measurements (ALICE) 18

O 2 | | T 11 | 7171 | T 11 | 7T 171 | T 171 | | | 1T 1T
5 18- Pb-Pb, |5, = 2.76 TeV E
. F ALICE E .
Q 1.6 PRELIMINARY § Ds RAA different from the other
2 b eAverage D°, D*, D™ 0-7.5%, |y|<0.5 1 D mesons
o 1.4 g |yl
E ] "'D; 0-7.5%, |y|<0.5 E
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Motivation Ag/D (ALICE) 19

Probe the hadronization mechanism with the baryon/meson ratio:
Nc/D , A\p/B

&2 o E‘ B LS LI EFL L, T LIV RS LR o LI R A AL T LR
x Pb-Pb atyfs,, = 2.76 TeV, ly|<0.75
i A 3
< 25 - @ A 0-5% centrally
I il # B0-80% centrality |
B data points include stat. 5 ]
2 Prelimi a:t#nﬂ?ééﬂattiﬁu? S0% ] o] # O
- Prelimina ]
- * STAR: Au-Au 200 GeV x &/A ] ‘
with 10%: feed-down correction
1.0 o Y a (5% cenlrality —
i : kL o BO-80% centrality 7 o @
.I.;. ﬂ"_ﬁ_ ! o o e 00
[ trg 0 0 0
1 L & £ al o 8 O‘O.,... O 00 0
B & x & -
: y '*-;-“-;""3_*;&_& ] 0.13 '003...0 .ﬁ
- af ot P o ad & 1 ) 13 *e * 2@
05F v T 1 el 8¥N% e 00
e - ] 0 "€ 505 O
D' Lo oo ol oy o 0o wy o lyyyyl I+| L .O.
0 1 2 3 4 3 6 [ 8
oR (GeVic)

The baryon/meson ratio in the strangeness sector, suggests
coalescence. Does this hold in the charm sector?
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Analysis
A~ — pKTt
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Tracking and vertexing 2

Good Vertexing and Impact parameter

g SFP Inner Tracking System (ITS)

—SDD SPD — Silicon Pixel Detector
SSD SDD — Silicon Drift Detector
k SSD — Silicon Strip Detector

87.2 tm

Very good tracking
Momentum resolution close to its design
~8 % atp_ =10 GeVic

g ) <1% atp_<1GeVic

fieid cage

rEanUl Chamiber
-\.
e

Up to 3000 charged particles/n
o(p,)* =(0,01)* + (0,007.p_)*

arXiv:1001.1950
January 29, 2014 HEP Seminar Liverpool - Charm physics with the ALICE Experiment



Strategy 22

1 — Charm Candidates (vertex analysis)
2 — In. Mass Plots (Raw Signal) — as in J/y case
3 — Corrections — Efficiencies, Acceptance and Feed-down from B

Example: Do>K-1r+:
good pointing of reconstructed D momentum to the primary vertex
pair of opposite-charge tracks with large impact nparameters

pointing angle 8.

K

January 29, 2014 HEP Seminar Liverpool - Charm physics with the ALICE Experiment



Particle ldentification — PID

700
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500
400
300
200
100

23

| - pp @7 TeV

1000 T T T
ALICE performance r
900
work in progress

800
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B 0
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ALICE performance
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A\, Measurements #

* /. Is very interesting and challenging:
* Need to measure the baryon to meson ratio in the charm sector

* Useful to measure the total charm cross section — pretty unique even
in pp collisions
* Challenging: ¢t = 60 um only!
* Not yet measured in p-p,p-Pb and Pb-Pb!
* Decay channels under study:
c A2 pKm:BR. 5+£1.3% This analysis is carried
_ _ out in Liverpool in 3
non resonant: B.R. 2.8 £0.8% different collision
- resonant: p K*(892)° : B.R.1.6+£0.5% systems:
A(1232)+K-: B.R.8.6+3.010-3 In pp, pPb and PbPb

A(1520) m :  B.R.1.810.6% collisions

* AfF2>Kp:B.R.231£0.6%
2 50% Kg0 - m+11- (B.R. 69.20 £ 0.05 %)
January 29, 2014 HEP Seminar Liverpool - Charm physics with the ALICE Experiment



A Signal (ALICE) 25

Signal seen in different p; bins

(1<pr<6 GeV/c), in 2 decay channels:
A 2 p K-t : cover higher p;
At = Kop : cover lower pr

] - ) o 25000 | 1 I I | T T T | 1 T 1 | T 1 T T T T | T T T ‘ T T T | T T T | T 1 T ]
g 2600l A— pK't* pp Vs = 7 TeV, 3.x10° events N  p,>1.5GeVic A — KCS’p 1
Q o i ]
S - P, (Ac) >3 GeVie E 24000 [ .
2 B + ~ 4 ppis=7TeV, 2.75 x 10° events]
~ 3400{— 8 i ]
O £ 23000 -
= | c i

-E LU

w

3200 + + 22000 [

[ Significance (3c) 6.6 + 1.1 [ Mean =2.28510.001
3000— 0 21000 |- sSigma = 0.011+ 0.001
R S (30) 1482 £ 238 . |
L S/B (30) 0 0304 ALICE 20000 -_Significance (36) 8.20+0.12 _'
[ " PERFORMANCE | .
2800~ Mean = 2.289 + 0.002 15/05/2012 i S (30) 4470+ 66 ALTGE 1
~ Sigma=0.010+ 0.001 19000 |- S/B(30)0.0153 oo
i IIIIII_I\.Il\_IT‘IIIIIIIIIII|IIIIII :‘"l"'l"'l"'l"'l"""I.I'I"l"':
2.22 2.24 2.26 2.28 2_.3 2.32 2.34 2.36 > 2.2 222 224 226 2.28 2.3 232 234 2.36 238
Invariant Mass pKn (GeV/c9) Invariant Mass Kgp (GeV/c?)

January 29, 2014 HEP Seminar Liverpool - Charm physics with the ALICE Experiment



Ne =2 pKTT

Large background — PID essential!
Use Bayesian PID:

priors from pp data 2 Facp g <sceve
=

TPC and TOF
;Emno

Mean = 2.286 + 0.001

GOOd reSUltS 9700F- significance (30) 3.8 + 1.0
300Mevts analysed — w=p sgasrea pen-2ameom

S/B (3c) 0.0181

| 7 T V Y Ta T ey T 'z.lzle' ' I'Mlt |:m'2.32' K.za;;; &}33'}
n pp@ e nvariant Mass pKr (GeV/c

4 p; bins

.
(=]
=]

4 <p, (A)<5GeVic

We also have succesfully
extracted the signal in p-Pb
Not asked for approval yet.

Entries / 10 MeW/c®
& =
=] =]

&00

550

Significance (3¢) 3.9+ 1.1

S/B (3c)0.0474  Sigma = 0.007 £ 0.002

450|||..|||||||..||||I||.I.|||...|..
2.22 2.24 2.26 2.28 23 232 2.34 2.36

Invariant Mass pKn (GeV/c?)
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#00E 5 <P, (AJ< 4 GeVic pp {s= 7 TeV, 3.x17 events
aro0f- +
2600

2500

240 A= pKt

2200F Significance (30} 4.8 £ 1.1

2210 S (30) 986 + 226

S/B (30) 0.0236 I,
1% Mean =2.290 + 0.003 o0s 012

2000 Sigma = 0.011 + 0.002
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22 224 226 228 23 232 234 23

Invariant Mass pKn (Ge\f?cz)
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140
120

100)
Significance (3¢) 4.1+ 1.5

S(36)209+77  Mean = 2.200 + 0.003
S/B (36)0.0877  Sigma=0.010+0.003
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Charmonium as a probe of QGP
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Charmonium as a probe of QGP %8

Heavy quarks are produced early in the collision.

The study of mesons composed by these quarks can be used to study their
interaction with the “fireball” generated by relativistic heavy ion collisions.

Charmonium production Interaction results

v P s v
Interaction mechanisms
A > Extremely hot and dense medium | X
JIY > e

One can study in pp collisions Charmonium Suppression

Color single, Color Evaporation model

NRQCD... Pb-Pb Collisions

By studing R,

January 29, 2014 HEP Seminar Liverpool - Charm physics with the ALICE Experiment



Charmonium Production — pp collisions *

Two stages are generally considered:

Pair Q-Qbar formation; Perturbative process - pQCD

Bound state development (charmonium); ' Non Perturbative process
10

| I | T T | T | | | | I | T | | | I
pp, Vs =7 TeV

T T T TTTTT

| I

e ALICE, lyl<0.9
= CMS, lyl<0.9

W ATLAS, lyl<0.75
JHEP11(2012)065

1205.5880v1

Models normally studied:
Color Singlet Model (CSM);
Color Evaporation Model (CEM)
Non-Relativistic QCD (NRQCD).

T IIIIIH|
| IIIIII!|

Oromptdry 1dP,AY (ub/GeVic)

o

d

T IlI[III]
] III[III|

Il Sl
= . - e
M. Butenschon, B.A. Kniehl '« S :
Al e S

102 = --- CS, NLO ]
- CS+CO, NLO m
| — Y-Q.Maetal ]
| === V.A.Saleevetal. I N

-3 I N R T M AN N N W A p 1 U | C

10% 2 4 6 8 10 1

2
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http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1007%2FJHEP11%25282012%2529065&v=facddfc1

Charmonium supression/regeneration 3¢

In a environment with free quarks and gluons(QGP), heavy quarkonium
states could dissociate by color screening.
Debye radius becomes < Charmonium radius (the same for bottomonium).

arXiv:0901.3831v1 [hep-ph]
L. Kluberg and H.Satz

Color Screening Different states of heavy-

R <R quarkonium with different sizes
D QQbar

State Iy v 0 T 1 "

Mass (GeV)  3.10 353 368 946 999 10.02 1026 10.36
AE(GeV) 064 020 005 LI0 067 0.54 0.3 0.20
AM (GeV) 002 -003 003 006 -006 —006 008 —0.07

ro (fm) 0.50 072 090 028 044 0.56 0.68 0.78
T/, 1/(r)
® s Y(15)
2s(1P) Heavy-quarkonium — different levels of suppression

The different bound states can be used as thermometer

J .
1s) of the medium

#<(1P)

Seminar Liverpool - Charm physics with the ALICE Experiment



Charmonium Enhancement 31

Too much more c-cbar at LHC!

In most SPS | RHIC | LHC
central A-A 20 200 | 2.76
collisions GeV Gev | TeV
Ncchar/event ~0.1]| ~10 | ~100

HCPSS2013, CERN — A. Dainese

January 29, 2014

arXiv:0901.3831v1 [hep-ph]
L. Kluberg and H.Satz

€X0Zamous regeneration

[—

sequential suppression

J/ W Production Probability

Energy Density

If the medium is very populated with c-cbar
Random c and cbar existing in the medium can
combine during hadronization — enhancement of
charmonium.

HEP Seminar Liverpool - Charm physics with the ALICE Experiment
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Charmonium supression? 32

_Nldotamuledtoiﬁacw

r -'--".__"_ g{:

A NASDpA45[] GeV, HI 96/98
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| = NA38 S-U 200 GeV l |
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| | | | |
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e IVE[1.2.2.2] syst  =+7%
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_‘ Y G20

_@ SWS'FS‘thoI)aI == 14% (b) 1
wuft 9 _
0.6

0.4r
0.2

M2
T

I I I I I I I I
arXiv:0901.3831v1 [hep-ph] j

L. Kluberg and H.Satz SPS resu“.s: A-A Gnd p_A

ary
o
T

Measured / Expected
(]
I

14 £ Fixed target experiment
o | g
12f |
NN W L ] .
S N A First suppression seen
08 - ]
os | e w + l :
r=5-U | ]
04 | & pAH oo Ly
O s H: it
o A 4
R - NN R
L (fm)

Au-Au collisions (collider) PbPb @ 200 GeV

More suppressed at
Forward rapidity

Normal supression

Not due to QGP (studied p-A or similar)
Anomolous supression

Due to QGP

50 10 S0 200250 300 sso 40 ingr Liverpool - Charm physics with the ALICE Experiment



RAA measurements (ALICE) 33

ALICE Preliminary, Pb-Pb |5, =2.76 TeV, L = 70 ub" § 4

Incusive J/y, 25<y<4, 0<p <BGeVic gobal sys.=  14%] o _Incluswe Jhy, O<p_<8 GeVie, Pb-Pb Ysy=2.76 TeV
PHENIX (PRC 84(2011) 054912), Au-Au |55, = 0.2 TeV 1.0 ® <08, =15 Hb'1 ALICE

[ 0 25<y<3, L= 70 Hb'1 PRELIMINARY

0 Inclusive J/y, 1.2<|y|<2.2, p T>0 GeVic global sys.= +9.2% ]
er——— - ® 35<y<d, L= 70k

L
0.8 },%*
_I, -
ALICE, 2.5<y<4 R $
) : - 06 o ] J, ;}‘ I m
! .. L - ':' J [} i
I 04F v & 3§ 7
: g o . i 8 ;
oG 0.2f
0 RHl(?I |1| |2<||y|||$2 2| T 2 5 ¢ 7 el 4 g i ALICE common global sys. =+ 1.8%
0 50 ‘100 150 200 250 300 350 400 07\||\||||||\|\||\|\||\|\||\|||\||\|||\||
(N 0 50 100 150 200 250 300 350, 400
part N }
<14
o [ Inclusive J/y, 2.5<y<4
10 Pb-Pb\sy=2.76 TeV, L= 70 ub™, global sys.= 6% el
[ o Jopp2Govic v Higher energy than RHIC (PbPb at 2.76 TeV)
S <pT<8 GeV/c . .
L Supression is lower than at RHIC.
salb & We still see rapidity dependency as RHIC
i i J/Y pt dependency
06 § E ] ' f RAA is lower for higher pt in most central
r- 3 = =
0.4 - o
N 3 ¥ The results support models for enhancement
0.2F
O:IlIIIllIIIllllIllllllllllllllllllllllll

0 50 100 150 200 250 300 35c<)N 490
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J/Y analysis
With EMCal triggered events

HEP Seminar Liverpool - Charm physics with the ALICE Experiment



The EMCal ]

12 SM - Ag=107°, -0,7 < n<0,7;
In 2011 (10 SM) — A 100° — AE/E=10%/(E)"*.

1 EMCal module
(2x2 towers):
Readout electronics
In the back side.

Array of super modules of
1 tower The EMCal

~ (6x6x24,6) cm?®

EMCal — Energy of particles
photons, pion-0 and electrons.

PID for electrons— Combination
with TPC tracks

Fast trigger — High energy particles

| Superrr;odule
- 288 modules.
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PID:EMCal

Track — momentum;
Energy — EMCal.

El P— T brms  mfmerer
£o G I so0c0 || Energy from EMCal clusters;
w _ 08/08/2012 — AL FE .
g | Pt Track is extrapolated to the
0.05} A . TPC
0 A ] m | ]
1.5 0 0.5 1 1.5 2

E/p ~ 1 electrons;
E/p << 1 pions.
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Reconstruction strategy 37

J/IY by the electron/positron decay channel

There are some challenges for the measurement.

Combination of all electrons with all positrons in a given
event (p-p, Pb-Pb or p-Pb collision)

Need good electron identification
Methods for background estimation.

EMCal triggered events were studied:

Selecting events event high energy pi-0, gammas and electrons
E > 5 GeV in pp collisions

E > 5 (Peripheral) and E > 10 GeV (Central)

January 29, 2014 HEP Seminar Liverpool - Charm physics with the ALICE Experiment



J/Y) — Reconstruction

38

From EMCal Triggered events — pp collisions at 7 TeV
Crystal Ball(Signal) + Exponential fit (background);
Approx. 30 J/y per million events recorded.
Approx. 1 J/p per million events in Minimum Bias.

—_
o
[e]

Counts per 40 MeV/c?

50

A gain of a factor of 30 per event.

pp \s = 7 TeV EMC-triggered events

pga" > 6 (GeV/c)

L, = 0.42 pb” A
f

AR IRY

-»-Data

— Global Fit
— Crystall Ball
=« Exponential

ALICE

PERFORMANCE
22/07/2012

| I I+I | I

2 2.5 3

4 4.5
M., (GeV/c?)

Particle identification

Combination of EMCal and
TPC

ics with the ALICE Experiment



Invarian Mass Spectrum 39

e T e T g
iy ﬁ“ﬂ“l*ﬂﬁ“ﬂ” ijH“WWﬂ b ﬁh : I ﬂ%’m{@b\ NMM b J‘ lﬁMMUM i

s [ 11— |npp@7TeV
= Féa—éh pp \Vs=7 TeV i
s L | EMCal trigger can expand ALICE measurements
q 2 4 arXiv:1105.0380v1 _
g = 1 We have a cross section measured
= el o Ee | We plan to add more statistics
rg? i PR Significant number of events to be reprocessed
T— B e ] with improved calibration
+ ALICE p'yr’, 2.5<y<4.0 g
102 CMS, |y|<1.2 _
E ° ATLAS, |y|<0.75
LHCb, 2.5<|y|<4.0 7
DllléllldlfllléllléllI1ID|||12

p; (GeV/c)

Normalization LS Pairs — 3.2 — 5.0 GeV/c?
January 29, 2014 HEP Seminar Liverpool - Charm physics with the ALICE Experiment



Counts per 40 MeV/c?

JIy P

N

b-P

b

40

Counts per 40 MeV/c?

;

Hﬂlu‘ﬂ‘l i

H

l

Cross section and RAA.

Pb-Pb |s,, = 2.76 TeV EMC-Gamma Trigger events o Pb-Pb ysy, = 2.76 TeV EMC-Gamma Trigger events
30 __ —e— OS pairs g) T— ——0S paTirs
- —e— LS pairs o 10— LT 183" —o— LS pairs
< = 18-
g Centrality 40-80%
2f- LICE 2
- ] 6/08/2012 8 |
: ’ ’ \ ” 1l m‘ 1 , O 51— [ ] | |N
N \0 | l "¥:0 o | [ l ‘o } ®
5+ O S W R
fireleweilionelsissielasiilonnuliiialoess P RV 01 P T 1 I e
15 2 25 3 35 2 45 5 1 15 2 25 3 35 4 45 5
M., (GeV/c?) Mg, (GeV/c?)
C Pb-Pb |s,,, = 2.76 TeV EMC-Gamma Trigger events
B PP > 5.0 GeVlc :E)SS p;i: EMCal trigger
R L } i Also helps in PbPb collisions
B Centrality 0-80%
} LICE One can check RAA for different pt
i m HomR0Te bins also in the central rapidity.

I.N)H} We are still working internally for a final

1.5 2 2.5 3 3.5 4 4.5 5

me: (GeV/c) rerpool - Charm physics with the ALICE Experiment



Elliptic flow — v2

Marcel Figueredo — March 15", 2012 — Junior's Day

41



42

Elliptic flow — v2

Flow represents the presence of multiple interactions between the constituents of
the medium created in the heavy ion collision.

Experimentally — anisotropic flow. o
Non-central collision

e

Px

4

Pressure gradient
— initial spatial anisotropy — momentum anisotropy

New Journal of Physics 13 (2011) 055008

BN 1 &N (1

Fp =5 dndy +22 v, cos[n(gp — \pRP)]) Azimuthal distribution of particles
i 1

Fourier series

n=1

Vn(p1, y) = (cos[n(gp — Wgp)])

The v2 — represents elliptic flow — N=2
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V2 of charmed hadrons 43

There are answers that we could take from the charmed
meson v2 measurements.

Prompt J/y (c-cbar) — represents the v2 of the ¢ quarks.

D Mesons (probably A ) — also sensitive to heavy-quark
hadronization mechanism (low and intermediate momentum)

At low momentum:
- Possible thermalization of heavy quarks in the medium

At high momentum:
- Path length dependence of heavy quark energy loss.

Phys. Rev. Lett. 111 (2013) 102301
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V2 — E.P. Based Method

* in-plane: (0O, /4] v [3n/4, )

< out-of-plane: (1/4, 3mn/4]

o = FLTELA FFL P 5L LSS L) [RLSELFBL ) L LI B I A B LA S UL BRI
out-of-plane % 480E DPuKx* and chargs coni ALICE .
= 400F : £
in-plane o 35{,: 3<p <4 GeVic Pb-Pb ]
IIJRP 2 5,0y = 2.76 TV
£ 300F Cantrality 30-50%
* 2s0f E
200¢ .
150 .
Yo = 1 7 Nin-plane — Nout-of-plane H}I];— ® o In-plane + ;
R> 4 llP""-'rm-;:nlan:f: + N, out-of-plane 5{';_ s Qut-of-plane _E
r [ AN S B A B

R T T
M{Kx) (GeVic)
Phys. Rev. Lett. 111 (2013) 102301
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Measurement of v2 with ALICE ¥

Phys. Rev. Lett. 111 (2013) 102301

>N [ T T T T T T T T T T l T T | T 1 ]

_Hq) 03:_ —: ::\.] EI_4 [ T | T | T | T | T | T | T |_
C>U.,O 25: . . ALICE Pb-Pb, |s,,, =2.76 TeV |
S Tk ] Centrality 30-50%
© - ALICE ¢
5 0.2 PRELIMINARY  — s _’?7 .
S ] 02 & % -
J 0.151- = & Tl
> {4 - |
© —]

(<)) ]

T ]

'
...........

D
4
4
il

o
o (@]
(@) ] —_
IIIIIII|
by |
=R
[
=
|
1

& Charged particles, v.{EP,lAnl=2} 1]
® Prompt D" D", D™ average, lyl<0.8, v.{EP}
[ ] Syst. from data

-

[—®@ ] ALICE: Pb-Pb, \ 5 = 2.76 TeV, 20-40%, n|<0.7
[0 PHENIX: Au-Au, \ S, = 200 GeV, 20-40%, [n|<0.35
—— BAMPS, |n|<0.8, arXiv:1205.4945

=k |||||||I||1

-0.05 B —_ Eg%f/isg,a|r1>](:\:f;.§s?i'.gzr§g.e G38 (2011) 124144 | 0.2 _|:| IS'-'"ISI' fr?m B [EIEd_dﬂwln I | I_
AN T T [N T N AT T T Y N M L1 [ L1 i i i 1 i i 1

0 2 4 6 8 10 12 4 0 2 4 B 8 10 12 14 16 18

P, (GeV/c) P (GeV/c)

V2 measurements in the heavy-flavor sector
Compatible with previous PHOENIX results
Compatible with charged particles v2! (Still low statistics)
Persists up to higher momentum
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ITS Upgrade

January 29, 2014
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ITS Upgrade 47

* As discussed, some measurements are limited
with the current statistics and resolution

« Elliptic flow of D Mesons

 RAA of some of D Mesons

 Measurement of Lc and Ds in Pb-Pb collisions

* Huge background in Pb-Pb collisions
« Elliptic flow of these particles

January 29, 2014 HEP Seminar Liverpool - Charm physics with the ALICE Experiment



Design 13

Improve impact parameter resolution by a factor of ~3
Get closer to IP (position of first layer): 39mm — 22mm
Less material budget: X/X, /layer: ~1.14% — ~ 0.3%

Reduce pixel size : currently 50um x 425um
Monolithic pixels: O(20pum x 20um)

Improve tracking efficiency and p, resolution at low p;

Increase granularity: 6 layers — 7 layers, reduce pixel size
Increase radial extension: 39-430 mm — 22-430 (500) mm

Fast readout of Pb-Pb interactions at > 50 kHz and pp interactions at ~
several MHz — Currently, PbPb ~ 500 Hz and pp ~ 100kHz
Fast insertion/removal for yearly maintenance

January 29, 2014 HEP Seminar Liverpool - Charm physics with the ALICE Experiment48
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Vertex resolution — ITS Upgrade

ITS upgrade will bring an improvement of a factor of 3 in

resolution for impact parameter.
This will significantly in order to reduce background.

- - 3
: 1 gl
| -
. . -

o o

= - ALICE | £
S PERFORMANCE =]

m1 P~ O SUUUTOUt SUURIOR UYL U0 AL 8 OOt SO AU SUUURL S S L 0t S ST (@]

o) 0 Cooe 0)102

................................ Q C

C Do g s

—~ N Ve LT UPYTdaUeT

RS ISR S SO I 028 5 ANt bk P 0 0 S O T S A T B S T o T T
\6 \6

I T R ST IRa ©

10 £ u 10
| e d,(r) Resolution (ITS Upgrade)/ ;... - d()HI """" (ITSU """ d)
. . z esolution pgrace [T PR
.. LT PP PP P PP PR P PP PP UPPPEEP PP PP PEPPEPEPNP s __,..._. ............ 0 : :
®  PhPhdata (2011) g g P P it - :
froeeese s e P B Pb-Pb data (2011)
FastMonteCaﬂo (lTS Upgrade) E E E : : : : : E . N — ;.................:......4...‘. ..... : : : : : P 3. ......... E ......
| i o i Fast MonteCarlo (ITS Upgrade) |: : 3 Ponobin |
] i I R B B B

10-1 1 10 ] : i i i
p, (GeVic) 10 1 10 p, (GeV/c)
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RAA D Mesons >0

< 2_I T T T | T T T T I T T T T | T T T | I T T 1 | | T T 1 I I_ < 2_I | | T T 71 | 1T 11 | T T 1 | 1T T T | 1T T 1 | I_
B _ <C - _
1.8F-ALICE Upgrade ~ Pb-Pb,\[s., = 5.5 TeV - T 1.8F-ALICE Upgrade  Pb-Pb,\[s, = 5.5 TeV -
’ 6:— L., =10 nb", centrality 0-10% - ’ 6:— L. =10 nb", centrality 0-10%
1.4 D°—> K'n* 1 14- D°- Kn* E
- Di— KK™t* stat. onty) ALICE 4 C 4, Non-prompt J/w— e*e” ALICE 7
1'2: | 24/10/2013 ] 12:—*_11'* B i (sta}!jonly) ZZF/:);;;;:; —:
L E Ao -
0.8 1 osf d .
o6t - ERN- S A .
0'4;_ 'E'-E-_E_;E;; R H & ; 0.4;_ = | a g 7 ;
0.2~ - 02 T =
O_ S U A T N T A S A A S A N A NN M A N A N M B 0: T ]

0 5 10 15 20 2 - 5\3/9 0 5 10 15 20 25 30
p; (GeVic) p. (GeV/e)

D_and non-prompt J/psi will be measured with very low statistical uncertainties
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V2 — Current ITS

e Current scenario is difficult

« Even for D mesons — limited statistics
- Error bars are very big.
« Lcand D, v2 not yet measured

- Upgrade ITS will help in the signal extraction of Lc.

Phys. Rev. Lett. 111 (2013) 102301

MR RARE RARE RS RARE RRRS HARE RARE RAR R A RALS RARE RN RARE LAY RERE LARE LALE RERE J LARE RARE RAAE LAEE LS RLAE RLES LALE LAR T
0.6F ALICE Prompt D° ,D°T PromptD* T Prompt D** ]
lyl<0.8 ¢ lyl0.8 1 lyl<0.8 1
04r 1 1 ]
TR S Y o
Bl H- ....................... _m_ .................. __ ...................................................... _
i Pb-Pb, ﬁ:E.?E Tel 1 I Opan box: yst. from data ;
' Centrality 30-50% 1 1

Snadnd hr:u: sysL frr:lm B readnaawn :

P P P P P PP P P T T T e 1. i
2 4 6 8 10 12 14 16 18 2 4 E B 1D 12 14 1E 1E E 4 E B ID 12 14 1E 1EI
p, (GeVic) P, (GeVic) [GeW{:}
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0.1

0.05

52

V2 with the ITS upgrade

- ALICE Upgrade ~ Pb-Pb, L_ =10 nb
. - D°, 30-50% centr.
. * D¢, 30-50% centr.

v AL, 10-40% centr.

L1 | [ R | I I | L1 1 1

T

__.i. B

- S l

— ALICE ]
[~ PERFORMRANCE =
:+ 24/10/2013 i
i 11 1 | 1 1 | [ 1 1 | 11 1 | L1 1 | 1 1 | | | | L1 1 T

2 4 o6 8 10 12 14 16

P, (GeV/c)

>C\l O-25_I T | T T | T T T | T T | T T | T T ] T T T | T -I1 I_l
- ALICE Upgrade  Pb-Pb, Lint =10 nb™ 1

I « D° from B, 30-50% centr. i
0.2/ + Jy(— e'e) from B, 10-40% centr._
0.151- .
: L

0 1‘_ 24/10/2013 |
E —+‘-'.+L! ‘|‘l :A::‘ CIY ol E
0.05[ y T ey -
S REETY)

- ¢ ]

O_I ‘K_| 11 1 | 1 1 | 1 1 1 | 11 1 | I 1 1 I I 1 1 | 1 1 _l

0 2 4 6 8 10 12 14 16

o (GeV/c)

The results were taken using a dedicated simulation of PbPb collisions in ALICE with
the ITS upgrade. The v2 assumptions come from models (BAMPS arxiv:1205.4945)

We expect to improve the v2 measurements for open charm and charmonium physics.

January 29, 2014

HEP Seminar Liverpool - Charm physics with the ALICE Experiment



/\C/D ratio >3

% 10_III|III|III|||||||||||l|||||||||||||||||||_ 8 III|\II|\\Ill\\lll\‘lll‘llll\l\||\I‘III|\II
o - ALICE Upgrade  Pb-Pb,\s\y=5.5TeV 1 g 10°c Ac—> PK7™  Pb-Pb,\[s = 5.5 TeV
S L, =10nb" centrality 0-20% 1 =& | L, = 10 nb™, centrality 0-20% -

B by i (@)] - —

;5 ALICE A/Kg param (2.76 TeV) n ; —
§ I R PPrees Ko et al. (200 GeV) i 5
2 I _H‘ Y] — TAMU, Rapp et al. (2.76 TeV) | 107 _ E

. -
ALICE -
PERFORMANCE
26/09/2013 10

| 1 - ALICE

1= H T B 23/09/2013 :

TN T T T e e i )

O 2 4 6 8 10 12 14 16 18 20 22 -I|||l\|||\\|||\\|||\‘|||‘||||\|\||\|‘|||l\||
0. (GeV/o) 2 4 6 8 10 12 14 16 18 20

T p, (GeV/c)

The Ratio A /D will also be measured (A_ will be measured with good significance)

Check baryon/meson ratio for heavy quarks as well.
Hadronization mechanisms — Coalescence for instance

January 29, 2014 HEP Seminar Liverpool - Charm physics with the ALICE Experiment



Conclusions and Outlook 54

Heavy quarks (specially charm) are a very important probe for the QGP

In ALICE
- D Mesons, A, and J/y

Results so far:

- Open charm — Results consistent with energy loss mechanisms proposed
- Charmonium — Results are still suggesting enhancement
- V2 of heavy flavour — Not high statistics, but seem similar to those of charged particles

ITS upgrade will help the measurement of charm:

- First measurement of /\C and improvement of D;

- V2 measurement with higher statistics
- V2 measurement for /\C and Ds

EMCal trigger improves the J/y analyses in ALICE

A\, can be measured in pp collisions

« Very promising in pPb collisions
 Very promising with the ITS upgrade
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ITS Upgrade options 56

Two design options have being studied

1 — 7 layers of pixel detectors (baseline)

2 — 3 inner layers of pixel detectors and 4
outer layers of strip detectors

4 layers of strips

7 layers of pixels

Pixels: O(20x20um?)

700 krad/ 10™ n,

Includes safety factor ~ 4 Strips: 95 ym x 2 cm, double sided

Pixels: O( 20x20um?)
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Thermometer?

§ 1.4 =~ * = I =55 5| o ]

@ [ CMS Preliminary 0-100%

T/Te /) [fm) 127 PbPb\[s,, = 2.76 TeV )

~| vas) ! )

= 17(1S) 1: o Inclusive y(2S) (6.5 < p, < 30 GeVl/e, |y| < 1.6) :

- v Y(3S) (lyl <2.4), 95% upper limit -

: 0.8 "

%(2P) -+ Y(2S) (lyl < 2.4) -

o " m promptJly (6.5<p_< 30 GeVic, ly| < 2.4) )

s 08 % (1) (i <24) p

0.4 Y“S)—:

L b wa =

0.2~ y(2S) Y(2S) =

(¢ Y (3S) + i

0._ 1 1 1 I 1 | 1 I 1 1 1 I 1 1 1 I 1 1 I | | 1 ]

0 02 04 06 08 1 1.2
Binding energy [GeV]
State Iy U0 ¥ T’ 1 1"

Mass (GeV) 310 353 368 946 999 10.02 10.26 10.36
AE (GeV)  0.64 020 005 110 067 0.54 0.31 0.20
AM (GeV) 002 =003 003 006 =006 -006 008 —0.07
ro (fm) 0.50 072 090 028 0.44 0.56 0.68 0.78
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Charmonium as a thermometer 38

AAAd | A e

Xc v v’ Le I

Charmonium spectra
At different temperatures

1 A | T,
. ' ' | T, U

C JHW lIJ” IC JIW . Y(15)

Y(15)

#(1P)
J/y(15)

#<(1P)

f -1 6
\ Charmonium dissociation x temperature
o AR 4 And energy density
M= " ..,h_*___h__
/ Xc | e

| - arXiv:0901.3831v1 [hep-ph]
J/ | L. Kluberg and H.Satz
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PID Baysian >

p, K, Tr are identified with the Bayesian PID approach:

The probability for a track to be of the specie i :

Detectors

< 200 FWETWY . .
. = - it 0 PP@Ns=7Tev ]
N signals R B - YE
C I r(s 1) oo bl W %o E
80 . i ;’* 0 B _f
Z Cr H r(s; k) 60 — AN = o
k=e,u,m,... j=1 40 | i . | =
1 10
p (GeVic)
Detectors: TPC, TOF . .
Priors: our a priori
knowledge of the
sample composition
59

TPC and TOF separate well hadrons in complementary p ranges
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EMCal HLT 60

« Some developments regarding the EMCal High Level

Trigger 2011:

- 3 components created
- Jet trigger, cluster energy trigger and electron trigger
- Electron trigger was my main focus.

« Scenario in 2011:

* In p-p:

- 100kHz interaction ratio
- TPC gate limited to about 0.5-1 kHz
- Minimum bias data taking — up to 100 Hz
- 20-40 Hz Bandwidth (for EMCal trigger)
« Trigger rejection to match this ~ 5 GeV.

- HLT could achieve

« There were some proposals for 2012:
« EMCal LO at 1.8 or so + HLT Electron trigger.

January 29, 2014
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PID: TPC o1

Phys. Rev. D 86, 112007 (2012) . TPC dE/dx:
;,160 ) i mﬁ.;“’s « 5 charged particles can be distinguished;
g ) .10 - BetheBloch equation.

2 100
ﬁs,é?/i;;;*'kf:fz:.55;53;@2@;95;%3@1xz:zze# —n mm

10

3%x10™ 1 2 3 4 5678

() = nCass?) - 5+ Ca)

dx
y=1/y1- 8

C1, C2 e C3 detector dependent constants.

—_
(@}
Sy

« Em analise:

-I.'|III|III|III|III‘

—_—
(@]
w

Measured value Mean value

-
(@}
S

TPC _ dE/dx — (dE /dx)eie

ele

No

TPC dE/dx - <TPC dE/dX>|  (6:pc ggie)

Oele

Width
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EMCal Triggers
LO, L1 and HLT
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EMCal trigger: LO e L1 63

Level 0 (LO) — Fast and efficient (used in pp collisions); LO e L1 — Select events with high
_ _ o energy pions-0, photons and
Level 1 (L1) — Algorithm more robust (used in Pb-Pb collisions). electrons.
( 2013 JINST 8 C01013
TRU #1
LO:do not combine
8 towers TRU'
1SM< TRU#2 |= Us.
|| 4 fastor Trigger Region Unit
H Energy deposit
TRU #3 : :
~ L1: Combine TRUs.
. g Subregion size
phi
==| O patch
T—’eta TRU#4 L1 photon patch
—|_1 jet patch

48 towers=24 fastor

1 tower
6x6 cm?

1 Module (fastOr): 2x2 towers Trigger system used:
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HLT EMCal Electron 64

« Track-cluster matching.
- AliIHLTGlobalTrackMatcher.
- Implemented functions from
AlIEMCalRecoUtils:ExtrapolateTracktoCluster (Official EMCal

Matching code).

AlIHLTCaloClusterDataStruct AliIHLTGIlobalBarrelTrack

j; GlobalTrackMatcherTrack ]

clus->GetTrackMatchedIndex ()

HLT ESDs :> clus->GetTrackDz ()
clus->GetTrackDx ()

Jet Trigger Electron Trigger
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N, 2pKTm

T T
35Q £ P > 25GVe

AT — pit

10

AF = A(1520)x*

R e Eopp s =7 TeV, 3.83 x 10° events
z :
= 200 - g E
2 0 1 . T .
_ | Possible to distinguish
E = -2.23?210.?039:. ge:\.r..-'c’ [ e=(22891 iP.Dnzdj:-gey..-'c: .
5 w0k 230 am | “Erimaimyers “. = between the different resonant
— L B3] = 1912464 + 2548 B(3e) = 50510 + 110
w0 | 'Signific.]ncell:BrJ:I =T.70+0.83 | ; Significanr_el(}:rj = 287 :Ik 080 | ' d eca Ch a n n e I S
a5 T T T T T 1 y
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Enhancement of charmonium

Uncorrelated c-cbar forms a charmonium during hadronization

é 1.4 - % ALICE Preliminary, Pb-Pb \s,,, = 276 TeV, L = 70 ub”

m [ ] ﬁUCE E.Squd‘Pl‘kﬂ
— Stal. Hadronization Model (A. Andronic & al., JPG 38 (2011) 124081)
1.2 | ALICE % Transport Model (X. Zhao & al., NPA 853 (2011) 114)
| PRELIMINARYOON Transport Model (Y-P. Liu & al, PLB 678 (2009) 72)
1 r Shadowing+comovers+recombination (E. Ferreirg, priv.comm.)

0.8k do,, /dy=0.25 mb

0.6}

SR /ff,’.’é/ﬁ’//f

_ SRS
rrs s - s
0.4 - s s s

dﬂ"f /dy=0.15 mb

0.2
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0 50 100 150 200 250 300 350 400
Npart
Some stat. hadronization and
transport models describe partially the

Behavior.
P. Braun-Muzinger and J. Stachel, Phys.Lett. B490(2000) 196
R. Thews et al, Phys.Rev.C63:054905(2001)

Marcel Figueredo — March 15", 2012 — Junior's Day
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Tracking and vertexing 67

Inner T vracking System (ITS)
SPD — Silicon Pixel Detector
SDD — Silicon Drift Detector

SSD — Silicon Strip Detector

Good Vertexing and Impact parameter

Vertex spread distribution at\'s = 7 TeV,f* = 2m

f—
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Rl : : — —
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Time Projection Chamber 63

Charged particle tracking reconstruction WV lctode (100K &
| can reconstruct up to 15000 particles in a given e

event
The dE/dx is used for PID purposes ressos o

field cage o

arXiv:1001.1950

-~ ALICE, Pb-Pb, \/s, = 2.76 TeV, |n|<0.8
. TPC-ITS p_ resolution
fit (pT>1 GeV/c)

s syst. errors

o(P)/P;

0.2

0.15
i Momentum resolution close to its design
0.1 7 % atpT =10 GeV/c
i <1% at pT <1 GeV/c
0.05-

ALICE Performance

22/05/2011
I | 1 | | 1 | | I 1 1 | | 1 | 1

20 40 60 80 100

P; (GeV/c)

o ——
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QGP 69

Another way is to look into the pressure x temperature diagram
Here's also the water phase diagram.

remperature arXiv:1111.5475
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O o] L Tt as e STIALE Soraatwee 10' chiral phass Fransiion  FAIR &7 _ _
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B and D Predictions 70

1.0 I l ] | ] I | | |
o, = 0.4
i — Gharm dN_fdy = 1750 |
0.8 — Botiom ng)'dy = 1750 Lo
ch The prediction before the LHC started
S arm dN_/dy = 2900
. g - RAA for B Mesons > D Mesons
— - Bottem ngJ’dy = 2900
0.6
- B (m.~5Gev)
< T \
o RO
0.4 D S o
(m~1.5GeV) "~~___
L~ e ——— =
\"h..
.
0.2 N e e - - |
1 I | | L | 1 I | I |
%0, 5 10 15 20 25 30
P, (GeV)

Wicks Gyulassy, “Last Call for LHC Predictions”(workshop, 2007)

HCPSS2013, CERN — A. Dainese
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Energy loss &

Parton Energy Loss by
Medium-induced gluon radiation , y
q: colour triplet

"- . . h = I
Collisions with medium gluons u,d,s: m~0, C.=4/3 %ﬁ
. g: colour octet TETEEEO
AE(Smedium ,CR ,m,L) g: m=0, Cg=3

AE, > AE,_, > AE, p

g c: m~1.5 GeV, Cy=4/3
b: m~5 GeV, Cg=4/3

B D TT
RAA >RAA >RAA

‘QCD medium’

HCPSS2013, CERN — A. Dainese
Arnesto, Salgado, Wiedemann, PRD 69 (2004) 114003

Dokshitzer and Kharzeev, PLB 519 (2001) 199
Djordjevic, Gyulassy, Horowitz, Wicks, NPA 783 (2007) 493
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Colour Singlet x Octet 72

Colour Octet (Um valid representation) From Griffiths Particle physics

1) = (b + bi)V2 5\ = —i(rg — gP)/\2
) 12) = =itrb—br)yV2  |6) = (bg + gb)/\2
B _ _ >
3) = (rF — bB)/V2 7y = —i(bg — gb)/V2
14 =g+ g2 8) = (r7 + bb — 2g2)/V6
b

Colour octet - Gluons

|9> = (”T + bB + gﬁ)/\/g Colour singlet - Physics states

January 29, 2014 HEP Seminar Liverpool - Charm physics with the ALICE Experiment



NRQCD 73

Matrix element fo NRQCD
soft factor — v scale

dolH] = S dolce(n)] (OH) e ischomonin)

Partonic cross section
Hard factor — a (m ) V — is the quarks relative

Expansion in multipoles Velocity in the Q-Qbar pair
« Transitions E1: AL=1, AS=0, amplitude ~v

e Transitions M1: AL=0, AS=1, amplitude ~v?

lJ/) = O() |ce(1 3S1)) + O(v) |ce(8°Py) + g) + O(v?)
Singlet

S-waves: (1351), (8351), (8 150), (8 °P)) arXiv:hep-ph/9407339v2

- i) _','I;I "|-
: P-waves: <L it J >f <§ e i> Charm physics with the ALICE Experiment
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