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The ALICE Experiment

The ALICE Detector

@ ITS, TPC, TOF, HMPID,
Muon arm, VO, TO, FMD,
PMD, ZDC 100% ready

@ TRD (7/18)
@ EMCAL (4/12)
@ PHOS (3/5)

v

HF coverage . \\fﬁ"m‘”‘ =)
X / S i .

@ extends to low p, _ ‘ |

@ central (e, hadrons) and
forward () rapidity regions ' ’ ‘

@ both for b and ¢

y (agsoreen)
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The ALICE Experiment

The ALICE Detector

(ACORDE)
N

HF in the muon arm

@ Muon Tracker and
muon trigger

@ Single and di-muon
channels

@ Open heavy flavour and
quarkonia
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The ALICE Experiment

The ALICE Detector

HF at midrapidi

@ Inner Tracking System
(ITS): Vertexing

o Silicon Pixel Detector
(SPD) (trigger)

@ Silicon Drift Detector
(SDD)

o Silicon Strip Detector
(SSD)

@ Time Projection Chamber
(TPC): Tracking, PID, event
plane, centrality

@ Time Of Flight (TOF): PID

@ Transition Radiation
Detector (TRD): PID

@ VZERO: trigger, event
plane, centrality

(CABSORBER)
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The ALICE Experiment

Heavy flavour at ALICE

ALICE has very good
performances in HF study:

@ Excellent vertexing and

tracking o ) .
) . do resolution in the r¢ plane in Pb-Pb collisions

@ electronic, hadronic and
) . — 300 .
muonic channels are studied E [ . ALICE Performance
covering different rapidity S 250 * 02/05/2 ]
regions 5 r . 1
i 2 200" : .
@ very good track impact g N b-Pb Data (2.76 TeV, min. bias) ]
parameter (dp) resolution < r : b-Pb MC (Hijing min. bias) 1

.. . £ 150
(minimum distance between © r . ]
track and primary vertex) for 100? . ]
the tracking in the central B ’g: 1
barrel 500 T ]
@ PID is performed with several F T tasess..]
techniques (%, TOF, TRD) o 1 10

y p, [GeV/c]

G. Ortona INFN & Universitéd Degli Studi di Torino DT meson analysis at the LHC with ALICE

PhD defense 4 /41



Physics Motivation
Charm as a probe of QGP

Why studying charm at ALICE?
Charmed particles are a good probe for QGP:

@ It is produced at the very beginning of
the collision
@ Follows the whole fireball evolution

@ Interacts strongly with the medium

@ Test of thermalization for quarks with
large mass
In proton-proton collisions the study of heavy flavours is interesting too

@ It provides a crucial reference for Pb-Pb data
@ It's a test for pQCD predictions
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Physics Motivation
Datasets

The data presented in this thesis were collected by the ALICE detector in
2010. The data sets consists of

@ 314 - 10° proton-proton collisions at /s = 7 TeV (5nb™ ).
@ 58-10° proton-proton collisions at /s = 2.76 TeV

@ 17 -10°% minimum bias Pb-Pb collision at VSN = 2.76 TeV.
Of these, 13- 10° collisions are selected in the 0-80% centrality class
(2.12ub71).

Minimum bias trigger defined utilizing VZERO and SPD detector
information. Events selection is done asking for the presence of only one
reconstructed primary vertex (pile-up events are rejected) with
|Zyertex| < 10 cm from the geometrical centre of the detector.

Rejection of beam gas and e.m. background is performed offline using
information from ZDC and VZERO detectors.
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Physics Motivation
Analysis Strategy

@ Apply basic quality cuts to tracks

@ Build invariant mass distribution of
D* candidates from their fully
reconstructed purely hadronic
decays

= Fit signal and background to
extract the signal

o Efficiency and acceptance
corrections

@ Feed down from B decays
subtraction =¥

= Corrected yield

@ Normalize and calculate the cross

section (proton-proton) Secondary vert

B
INEN
C

ALICE
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Physics Motivation

D™ reconstruction

D*(cd). Decay modes: Dt — K—ntxt, Dt — KOt — K—xtx+. Branching
ratio 9.13 + 0.19% with a ¢7 311.8 £ 2.1um. Mass= 1.86957 £ 0.00016 GeV/c

y
@ Triplets of charged tracks with right sign combination
@ Large distance between primary and secondary vertex
@ Pointing of reconstructed D momentum to primary vertex
@ Large impact parameter of the tracks

@ conservative PID: Opposite sign particle CAN'T be a pion

A

P
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Physics Motivation

Candidate selection

Main cuts to reduce combinatorial background are:
@ Dispersion of daughter tracks around secondary vertex
@ Distance between primary and secondary vertex (decay length)

@ Pointing angle of the reconstructed candidate towards the primary vertex
of the event

@ large value of the track impact parameters (3_ d3)

& = [l
-1 E Ia Er
3T D> K7'n* Pb-Pb @\Syy= 2.76TeV Foosk @l 7
£ g . 2 g
£ b5 s
£ S onl® s
i * o8 L
o 5 <D, <6 GeVic K é . ALICE performance 'é"’
Yoo 10/05/2011 EI-
> ®
. o 107
0.08} K3 o0sf= & L}
o
3 E ¢ aﬁ
o oosf- @ 0°F Ty
H %
oo ] ,
v 0.0af- ®
N . e
- Data PbPb 0-20% . 8
oo N et
— Data PbPb 40-80% 5 |
'3 0.02f- 10
ou- — HIJING 0-20% Hiriin
oo I
10 = Hl:
" unn I TP T A - " ORI TR b T
0.86 088 0.9 092 094 096 098 1

0.06 0.08 0.1 0.12 0.14 0.16 0.18 02 0.22
Decay Length [cm]

loose topological cuts, mainly background
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= [em?]
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Physics Motivation

Cut tuning

Multidimensional optimisation of cut

Significance wrt sigmavert (cm) vs dec len XY (cm) (Ptbind 12.0<pt<16.0)

variables

>
al

. . . . . E 3.90819 433174 4.18949 3.7973
@ high statistical significance % 1
S H [3.69912 4.19971 4.48937 3.96085 3.61002 3.31791
R o 12
( )' 3 [3.70259 4.27749 4.24508 3.73762 3.21222
VS+B B

[3.29353 3.77304 3.63897 3.17116

e cut efficiencies (from MC) not o

. 3.46054 3.94205 3.82896 3.25826

too small to avoid large o

. [3.12336 3.40106 3.84573 3.07572
corrections. ‘8

3.16026

@ signal stable for cut variation

00.016 0.018 0.02 0.022 0.024 0.026 0028 003 0.032 0.034

around the chosen point. Samaver: (om)
o Fit peak on the D+ PDG mass Statistical significance obtained from
value. different values of decay length in the

transverse plane and dispersion around

o Fit gaussian o reproduced in
secondary vertex (12 < p; < 16 GeV/c)

MonteCarlo (and p-p data for
the Pb-Pb case).
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Physics Motivation

Candidate selection: PID

PID applied in conservative way in order to minimize the loss of signal,
particles with no PID information are kept.

We use jointly PID from TOF and TPC and we vary the PID response
over p.

For the Dt we know that the like sign particles must be pions and
opposite sign must be kaons.

Sigma Kaon

(TOFsignal-timeK)/tofSigPid

35 4
plGeV/c] 05

Green identification, red compatibility
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DT cross section in proton-proton collisions

Invariant Mass spectra

We can plot the invariant mass distribution of the candidates passing

cuts and PID requirements. Then we perform a fit to extract the signal
in different p; bins.

yof g T2 ypT———— et TT Ty et T
Lohb, ] g 3<Py Suf <P,

B = i igma = 0.012 0,00
: N

D' 5Kt n
EALIGE Performance

&

wf.  14/05/2011 2<p <3GeVic ] o} | Y
t o} Significance (30) 7.1£1.0 wf signiticahce (33) 102+ 10
Mean = 1,870 £0.002  Sigicance 80) 54509
ks 08 + 0.001 ’ ;“] E “f S (30) 185427 “f S (30) 282+ 27 .
igma = 0.008 - 0 B(30) 1665 419 2} B(36) 499+ 11 2} B(30) 485212
et s ke N [ ) variant Mass (KGeVic]
xf 5<p<6Gevic  LMean - 1.668 +0.002] G<p,<5 Gevic 8682 0.002 $ Feenemocae joan = 15632 0,00
igma = 0012 + 0.002] igma = 0.017 0,00

jma = 0.018 + 0.00:

H

B

Significance (30) 1.1+ 1.1
o SGoses
B0 51721

Significance (35 7.9+ 1.1
of  S(o)te5:21

B(30)277: 1
L

uf  S(30) 173122 L

[ ) InvaiantMase k=G ]

of 10 <P, <12 GeVic

f

Joan = 1.869-+ 0.0053

Tean < 150
jma = 0.022 + 0,003

igma = 0.027 + 0.09

[ 12<p, <16Gevic T6<p, < 24 GeVIc

significance (30) 3.6+ 1.2

of Signiffeanch (30)'a.6:+ 1.1

J seamss * sEostte E S seowin
B(3)175: 10 B(30) 145+ 9 B (30)85: 8
e et et

vt Mass (K=2)Gov ) nvaiant Hase (K Gev ]
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D™ cross section in

proton-proton collisions

corrections to the raw yield

10

Acceptance x Efficiency

—
o

10

R SR L B B B
., .
D'—» Kn'n*
Y &= £l
1 uu
L u
2k -
—&— Prompt D*
Prompt D', No PID
b D from B
-3
ca by v e v by g by

5 10 15 20
P, (GeVic)

To obtain the corrected yield, the raw yield extracted from the fit is

corrected by efficiencies and acceptance (from MC).

ALICE
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DT cross section in proton-proton collisions

Feed-down subtraction

forompt

ALICE

Ortona

The feed down contribution from B decays is estimated from FONLL and B and D

efficiencies. 2 methods to estimate feed-down:

NfDiran
. — _ rom
fe: f;)rompt =1 NDEraw
all L
Dt from B -
dIEONIT.
dpt
o — Efrom B ly|<0.5
Nb: foromp = | 14 chemB ——
I TFONLL
dj
|y|<0.5

FONLL parameters varied
to estirpate uncertainties:
0.5 < “ER <2,

mg
0.5 < £E <2,
KR
45 < mp, <5 GeV,

1.3 < me < 1.7 GeV

1=
0.8— %i%: Ii 4 DR
L 'f 4
06—
0.4
E Za t fracti
L % ’c prompt fraction
0.2—
C b prompt fraction
R S ORI HPU SRS HR R BRI |
) 5 10 15 25
p‘(GeWc)

INFN

FONLL gives good B description of
LHCb/CMS data

,;6 102F 5= B> J/y, FONLI
3 CASCADE
S PYTHIA
g 10 —— CMS d
= ata
=
S
g ! . 1.6< |yw\ <24
K < 3
T ootk
x 10
o
10%E CMS,\s=7 TeV
L=314nb"
| . .

|
0 5 10 15 20 25 30
piw (GeVrc)

H
INCN
C
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DT cross section in proton-proton collisions

Normalization to cross section

The main goal of DT analysis in p-p is to measure its production cross
section do/dp;. We can extract the cross section from the raw yield
using the formula:

.
do® (pr) | 1 1 foompe(p) ly<ay o™ /oVOAND o VOAND

dp: ly[<0.5 7 2 Ay(pt) AccX €prompt (BR)Ap; Nmb

@ foompt(pt): B feed-down correction

1 . .- . .
Aecxe(p) efficiency correction
° : Raw signal from the invariant mass fit
mb VOAND
° %OVOAND: Cross section 0 minpias Measured from the VOAND

cross section measured in VdM scans.

ALICE
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DT cross section in proton-proton collisions

systematic on corrected yields

—e— Signal:ExpoFit,Rebin1
—=— Signal:ExpoFit,Rebin2
4 Signal:ExpoFit,Rebin3
—¥— Signal:PolFit,Rebin1
Signal:PolFit Rebin2
—5— Signal:PolFit,Rebin3

@ Raw yield extraction: change
(bkg) fit function, range,
binning

o Cut variation

o PID efficiency

@ D - D comparison.

G. Ortona INFN & Universitd Degli Studi di Torino
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DT cross section in proton-proton collisions

systematic on corrected yields

corrected cross-section (combined fc and Nb MC feed-down subtraction)

P T
2 E|

. . g 4 cospse E

@ Raw yield extraction 3 N 1
o Cut variation: 3 different sets of e I e 3
cuts, with large signal variation wi e ]

o PID efficiency

T

ol

@ D - D comparison.

G. Ortona INFN & Universitd Degli Studi di Torino
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DT cross section in proton-proton collisions

systematic on corrected yields

with PID

1 Mean = 1.869 + 0.001
Sigma = 0.014 + p.001

gnificance (3c) 23.8 + 1.1

@ Raw yield extraction S (30) 1754 £ 77
o Cut variation B B@asestEse L
1.7 1.75 1.8 1.85 1.9 1.95 \r\vEMass Aég\?)
e PID efﬁaency: analy5|§ without PID
performed with and without
PID L t Mean = 1.869 + 0.001
Sigma = 0.014 + p.001
@ D - D comparison.
v

ignificance (3c) 19.1+ 1.1

200~ S (30) 1752+ 97

B (30) 6678 + 49
T e e e e

n

INEN

ALICE s
Ortona INFN DT meson anal
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DT cross section in proton-proton collisions

systematic on corrected yields

Raw yield extraction $

o This thesis
Cut variation

PID efficiency

D' - D~ comparison: corrected
yield for particle/antiparticle

Corrected Signal
3, 3
T T
©og
|

w

N T
w
&
o
)
~
3

10 11 12
P[GeVic]

ALICE
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DT cross section in proton-proton collisions

Systematics uncertainties on D' cross section

Sources of s uncertainty

: ,
@ Raw yield extraction (5% to .
= Total (excl. .
25 % ) ' 04 - NT:}.ga:an::rg.;%.
'IE [ Tracking efficien
@ cut variation (10%) 20 S
.. — Cuts efficiency
@ PID efficiency (10-15%) PID effcincy
— MC p, shape
@ cross section normalization
(3.5%)
@ BR uncertainty (2.1%)
. .. 1h 1‘2 1‘4 1‘5 1‘8 Zh 2‘2 24
@ tracking efficiency (12%) Pottd
@ MonteCarlo p; shape (1-5%)

ALICE
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DT cross section in proton-proton collisions

Results: DT production cross-section at /s =7 TeV

—_———
ALICE
D', ppVs=7TeV,L, =5nb"

@ measurement in good
agreement with pQCD

(ub/GeVic)

s 3 calculations (FONLL,
= ik ] GM-VFNS) within
o E 3 . .
= E—— : uncertainties.
8 107 s .
= ——— @ FONLL central values
>+ umi, = norm. unc. (not shown) Em—— e -
B 3 underestimate data (pattern
£ ] already observed at lower
[=] 1

energies).
@ GM-VFNS central values

Data

GM-VFNS  FONLL
T

o

o

o)

o

el .

S
ol L bbbl Ll
&

. O _
° overestimate data
[ (GeVic

The total D production cross-section is obtained by extrapolating the oP" measured
in pr > 1 GeV/c (visible) down to p; = 0 GeV/c and full rapidity using the ratio of
the FONLL visible cross section to the FONLL total cross section to correct the
measured o0 :

olTeV = 2.18 4 0.32(stat.) § 3] (syst.) & 0.15(lumi.) T3] (extr.)mb

ALICE
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DT cross section in proton-proton collisions

Results: charm production cross-section

Correcting the total D production by the ¢ — D™ fragmentation ratio (~ 15%) it is

possible to measure the total charm production cross section.

@ measurement performed at
Vs =7TeVand /s =276 TeV.

o final result from weighted

average of results from D*, D° g [T Lo n T
and D**. B0 E2 MR e ,&’ .
I ECJATLAS extr. unc. 1
@ both measurements in good e = | ]
agreement with pQCD il oA ]
(MNR-NLO) calculations, but e 40 T
central values underestimate 5 53553533 7 o mn
data, as happens at lower 107 © -
energies' E ,/f l,"/ ALICE Prehr;ﬂnar\/ ;
@ good agreement with the same r + 1
measurement performed at 105‘” Q ‘ ‘ T
H 3
ATLAS and LHCb experiments 10 10 LA 9 @

N at /s =7 TeV.
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DT cross section in proton-proton collisions

Pb-Pb analysis at /syy = 2.76 TeV

@ Similar strategy to proton-proton
o Cut optimization
e raw yield extraction from fit to the invariant mass spectra
o efficiency, acceptance and feed-down corrections to obtain the
corrected yield
@ Pb-Pb collisions can be classified according to their centrality
o event multiplicity depends on the centrality
e cut tuning performed in centrality bin. Looser cuts applied in
peripheral events (less background)

@ Goal of Pb-Pb analysis is the measurement of D™ Raa and vy

G. Ortona INFN & Universitd Degli Studi di Torino
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DT cross section in proton-proton collisions

Centrality

Glauber model: nucleus-nucleus collision as superposition of Ny
nucleon-nucleon collisions. Nucleons in the geometrical overlap region of
the nuclei are participants. Medium size, event multiplicity and number

of participant nucleons depend on the collision geometry (centrality).

Centrality estimation at ALICE: VZERO, TPC, ZDC, SPD, FMD.

T T T
+ Data

- 10t

“"m K

Events
T
percentile

—— Glauber fit

500 000

I IM u||‘\ . Hn\ |

000
VZERO Amplitude (a.u.) 1000 2000 3000 4000 5000 6000 7000 8000 9000
VO amplitude (a.u)

Particle production: Nprimary = f + Npart + (1 — ) Neoi

5-10%

| [

|
3
"~ IRREARRRRE~~7~

ALICE
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Open charm at ALICE: Elliptic Flow

Initial spatial anisotropies in the overlap
region of the colliding nuclei create
2 3 asymmetric pressure gradients. Rescatterings
‘fgi\\-/» translate in momentum anisotropies of final
gj! 11z pj/\rlticle production. At midrapidity :
- Nag = 1 +2v2cos (2(¢ — Wgp)) + ... and

8 %4 5,=3mb
<

Soss 6<b<9fm I
L ! + b1t Elliptic flow:
02s T Co vo =< cos[2(¢p — Vgrp)] >
o Elliptic flow of heavy particles can
01 T ey bring useful information about
00 MB trigger e thermalization, thermodynamics of
z s e b. (GeVIT) QGP and the hadronization
Ko et al., Braz J. Phys 37 (2007) 969. mechanism.

Simulation of
1 year of data taking, impact parameter
range: 6 — 9fm

ALICE
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Elliptic Flow
Vo measurement strategy

measurement of v, with event plane

@ Event plane determination with TPC tracks and VZERO

Zi w; sin(2¢>,~)

> wi cos(2¢;)

@ Produce the invariant mass spectra of candidates in bins of p; as a
function of A¢ with respect to event plane

o Event plane angle W = S tan~! (

@ v, computed from azimuthal asymmetries in signal distribution:
o In-plane versus out-of-plane anisotropy
o Fit of v, versus invariant mass for signal and background invariant
mass regions
o side bands subtraction of background v»

Other methods, based on Q-cumulants and scalar products have been
prepared, but results are not shown here.

G. Ortona INFN & Universitad Degli Studi di Torino DT meson analysis at the LHC with ALICE
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Elliptic Flow

Event plane determination

The event plane is computed from the amplitudes in each VZERO sector
or from azimuthal track distribution inside the TPC.

V= %tan*1 % . ¢ dependent weights for TPC (to account

for dead sectors). For VZERO weights are the relative integrated
amplitude of each sector. Both computed run-by-run.
20-80% centrality

0.0058

0.0058

—+— TPCtracks VZERO,noCorrections

0.0056

—&— TPC tracks wo weight

—=— VZERO,gain
0.0054

0.0052

ARARNRARNRARS “SARRRRARRRNRENY

0.005

0.0048 ;%—

0.0046 ;*

0.0044 }
05 i 75 p 75 3‘A 3 05 i 5 P 75 3‘M
recentering and flattening of VZERO to be used for 2011 data.

ALICE
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Elliptic Flow
Event plane determination

The event plane is computed from the amplitudes in each VZERO sector
or from azimuthal track distribution inside the TPC.

V= %tan*1 (%) ¢ dependent weights for TPC (to account

for dead sectors). For VZERO weights are the relative integrated
amplitude of each sector. Both computed run-by-run.

¢ Ev Plane (VZERO)

15

5 3
0 Ev Plane (TPC)

Good agreement between VZERO and TPC event planes.

G. Ortona INFN & Universitd Degli Studi di Torino DT meson analysis at the LHC with ALICE
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Elliptic Flow
Event plane resolution

Obtained splitting each event in 2 sub-events and computing for each of
them the event plane angle. ogp = (cos(2(W? — WP))) averaged over
many events. It depends on event multiplicity (centrality) and v,. For

30-50% centrality TPC EP resolution ogp ~ 0.91.

2

Entries

600

Resolution on full event = 0.9105
501

3

40

3

308

3

20

8

[

100

-05 0 05 1
cos{2(y, )

v» measured from EP methods must be corrected by EP resolution:
_ ,,0bs
Vo = V5 /UEP-

G. Ortona INFN & Universitd Degli Studi di Torino DT meson analysis at the LHC with ALICE
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Elliptic Flow

v, from signal anisotropy

Centrality 30-50%

5<p(<8 Vic

wean=1sss:qons  §
Sigma=0014: oo

Mean = 1.866 = .002 =2

| 8<p,<16 GeV/C woan=1470:qoos

Sigma = 0.008 ¢ §.000 " Sigma = 0012 §.000

«
— | Signilicani ofSignificance (30) 4.2+ 0.9 +74 o Significance (30) 3.7+ 0.9
" s@oss14 £ seamis “F s@osc2n
3 3
‘E (30) ‘1 87+ ‘8 X +‘ N F (35)‘227 :‘G X X X N B (30) 497 £ 12
e Pty LER T e
MiGeVic") M(GeVic?)

Ea—
MGaVic)

8 nf
Mean=1.867+4003 & 5<p(<8 [T 1L ——
Sigma = 0,014+ §.000 sof o

Sigma = 0.008 + 9.000 3
wf- +
sof-

+ “¥s 29409

-8<p‘<16 GeV/c

Mean = 1.866 + 004
Sigma = 0.012 £ §.000

(30) 45+ 0.9

S(30)53: 11 1y T s@oe:a
of o
B()74+5 4 B(30)89:4 B(30) 21148
W R R I
- o wonieh

N, —N,
. .. . . __ 7 "Vin-plane out-plane
From signal distribution in and out of plane: Vo = +

& P - 4 Nin-plane+Nout—p|ane

(to be corrected for EP resolution)
ALICE
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Elliptic Flow
vo from side band subtraction

From the 2D distibution of invariant mass vs cos 2A¢
[Wass vs cos2ap (p, Bin 0 contrad_55))

2F |v2=0.087+-0.142 I
15

bttt 1§

iy

@ Project 2D histogram on cos 2A¢ in the side bands regions and in
signal region

@ From subtraction we get the signal cos2A¢ distribution

o Get vy as (cos2(V, — gp)) from the signal histogram

ALICE
G. Ortona INFN & Universitd Degli Studi di Torino DT meson analysis at the LHC with ALICE
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Elliptic Flow

Fit to v» versus mass

From the 2D distibution of invariant mass vs cos 2A¢

Wass Vs cos240 (p, bin 0 centr30_35) |

- .
H
:
"
5
" .
o
ot
o= y
o -
ol :
E [—SiS+B) ) —
of p—
E |—B/(s+B) 1
3 R——
L1 L L L L L L L
LI E s ae s ok

s L s
205 2 208
Mass (GeVich2) Mass (GeVicr2)

@ From invariant mass fit signal and background fraction as a function
of mass
® @ Extract v» = (cos2(W, — ¥gp)) vs mass
e o Fit it with v % S/(S + B) + v2*€ « B/(S + B)
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Elliptic Flow

30-50% CC 50-80% CC
0.7 -
This Thesis —&— Side Band subtraction vz b This Thesis +sideFandsubtraction
—e— Fit tov2 vs. mass "-5;— —s— Fitto v2 vs. mass
Anysotropy = Anysotropy
0.5 ¢
n.4f—
03k
0aF 4I é a‘ 1‘0 1‘1 1L1 16 é B‘ 1‘n 1‘2 1‘4 16
pt pt
v, corrected by resolution.
Low statistics, difficult signal extraction, high stat. and syst.
uncertainties.
ALICE
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Elliptic Flow

30-50% CC
> oal This Thesis —=— p*
4L e
osi —#+— Charged hadrons
0.2
C Nﬁrr*ﬁ, % | ¥ * x 7}
0.1
o~
0.1l . . Ll ol L1 L
0 10 15 20 25

Statistical errors only

Results in agreement with D° result within large uncertainties.
Compatible with both charged hadron and no-flow. No B feed-down @

ALICE subtraction.
G. Ortona INFN & Université Degli Studi di Torino D+ meson analysis at the LHC with ALICE
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Elliptic Flow

v, centrality dependence

To increase fit quality, results be integrated in 3 < p; < 16 GeV/c for
different centrality classes.

B E EgFfiw
osf=— =] Side Bands This Thesis
E = Anisotropy —
(==
(== —_
02—
P7] S — U S
=
3 3 6 a5 £y £ 3 7
Centraliy class
0 oas
a
o4 This Thesis
035
03
025
02
015
01
005
3 EY W 7

0
Centrality class

Hint of v, > 0 above 40% centrality. v» seems to increase up to 50%
centrality. Coherent with charged hadron behaviour.

ALICE
G. Ortona INFN & Universitd Degli Studi di Torino DT meson analysis at the LHC with ALICE

P efense 31 /41



DT

energy loss

Open charm at ALICE: Energy loss

The study of open charm particles (D°,D",D*,...) can bring helpful
information on the nature of QGP. One of the main QCD medium effects is
parton energy loss. Radiative energy loss: AE o asl?Crg.t

1 dNaa/dp:

© Nuclear Modification factor: Raa(p:) = =< o 7o

@ An Raa < 1, already observed at RHIC, has been interpreted as an effect
of the parton energy loss in the medium

Different colour charges Cr for quark (4/3) and gluons (3).
= R{\ > Ria. Colour charge dependence of energy loss

Dead cone effect: gluon emission suppressed for angles 6 < %
= RE, > RL\. Energy loss mass dependence

1.0

T T T
A PHENIX -
©1 STAR QMOS pretim ~ “N/dy=1000 |

o.s{ -
§=0 i DGLV Rad onry 1

o.s{

“5 1.4]

-
Q12

—
I—
- —

0.

Electron RM(pl)

0.

o.a{

0.

b

§=25, with dead cone
0.2 f

0.

o

ﬁ=25,‘no dead cone

19 12
P (GeVic)

L L ,
2 2 3

0.0

ApY(GeV)s
ALICE 1Baier, Dokshitzer, Mueller, Peigne, Schiff Nucl.Phys., vol. B484
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proton-proton reference scaling

The proton-proton cross-section at /s = 7 TeV must be scaled to the
energy of the Pb-Pb collision (y/s = 2.76 TeV). From the FONLL cross
sections at the two energies:

o2 (pe: 2.76) = Z S22 50" (p,, 7)

O'FONLL(pt ;7)

Uncertainties and cross-checks .

@ Systematic uncertainties
varying FONLL parameters
(as in pp)

@ Results compatible when
scaling with GM-VFENS

o scaled results compatible oz~
with p-p measurement at ; 3 5 § ; 0
[GeVre,

Vs = 2.76 TeV "

D" scaling (2.76 TeV /7 TeV)

6, (276 TeV) 1 o, (7 TeV)

2

ALICE
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DT

energy loss

Feed-down in Pb-Pb

The energy loss of D mesons from B decays affects the feed-down
spectra. In principle feed-down and prompt have different energy loss and
this must be taken into account for feed-down subtraction.

~ 0
< F ]
= C D*meson - 6<p<8GeV/ic ]
s ]
8 20 Pb-Pb |5,~276TeV --- 8<p<12GeVic
el E -
8 [ Centaiity0-20% 12<p;<16 GeV/c 4 We assumed
3100 B feed-down / pprompt __
P AN 1 RaA /Raa"" =1and
s o T N estimated the systematic
> r T~ ] . .
‘tfs . el : uncertalr:tyd \C/iarymg .

10— Tl — eed-down promp
et e ] 1/3 < Rax /Ran " <3
S - . h
R ] for the different p; bins.

g -20¢ .
g I ]
2 Co v v v b v b v b v by vy

@ 3035 1 15 2 25 3

Hypothesis on (RAA feed-down)/(RAA prompt)

ALICE
G. Ortona INFN & Universitd Degli Studi di Torino DT meson analysis at the LHC with ALICE
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Corrected yield

Corrected yield in central (0-20%) and peripheral (40-80%) Pb-Pb

collisions
T [ALCE D meson \s,=2.76 TeV E
S ' ]
8 1 . ) \:|s~ e -
= [ ThisThesis |l E
= . ]
S10'E S 4
=k L e ot E
o C (+6% nomm. unc. notshown) | 7]
g 102?— ZE —f=— —— PoPb _E
© F e i
10°¢ = E
) — g ]
E b escalod toenca 3
£ (& 7% nomm. unc. not shown) 1
o, b
T ] P T PR R P S
0 2 4 6 8 10 12 14 16 18
P, (GeVic)

Strong suppression with respect to the observed p-p reference in both
centralities in all p; bins.

ALICE
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DT energy loss

D" meson Raa

0-20% 40-80%

o

This Thesis I Syst. from data
[ Syst-from R (B)
N Syst. from B feed-down
—=— R,, 0-20% CC

This Thesis I Syst. from data

[ Syst.fromR_ (B)
N Syst. from B feed-down
—=— R,, 40-80% CC

IS
(RRRARER

Rpa Prompt D*
Rpa prompt D*

08 08f
06 06 {
04 I 04
0.2 . 0.2
£ | | | | | | | £ | | | | L
% 2 4 6 ] 10 2 i 2 4 s 8
p, [Gevic]

10
p, [Gevic]

Raa ~ 0.3 in central collisions, Raa ~ 0.6 — 0.7 in peripheral collisions.

Stronger suppression in central events compatible with assumption of a
medium effect
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energy loss

Comparison with other D mesons

o) Af\\\‘\\\‘\\\‘\\\\\\\\\\\\\\\\\\77\\\'\\\‘\\\‘\\\\\\‘\\\‘\\\‘\\\I\\\7
2 1.8 This Thesis I This Thesis ALICE 3
o E Centrality 0-20% Centrality 40-80% 1
S 1.6 =D° I Pb-Pb, (S = 2.76 TeV 7
$ [ +D I ]
o 1.4 .p+ + 3
[ lyl<05 I h
1.2 I ]
BB | eee
0.8F + 7
0.6 + ]
oaf J@@%@ @ ¥ ;
02F + 7
obe bt v et e e e 1

0 2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16
P, (GeV/c) p, (GeV/c)

Good agreement between D, D° and D** both in central and peripheral
events for the whole p; range. From now on: weighted average of the
three mesons. @

ALICE
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Comparison with charged hadrons

N Shadowing is small for

ALICE E .
This Thesis 0-20% centrality E pt > 5 GEV/C . hot medium
Pb-Pb,\ s = 2.76 TeV § effect
e Average D°, D', D™, |y|<0.5 —
o Charged hadrons, n|<0.8 3
. OME henromprdie i<z.a Q 2prrTTTTT e
O S ) ) ALICE E
g 1'85 This Thesis  0-20% centrality E
g E 5160 Pb-Pb,\ sy = 276 TeV
0.6 = é‘( 14 Average D°, D*, D™, y|<0.5 ]
E | - E NLO(MNR) with EPS09 shad. ]
P L e e rE -
r | 17 =
%2 t‘t é 810214 18 > ]
p (GeV/c) 0.8 .
light hadrons Raa from ALICE compatible O-BS/ﬂ 3
with D meson Raa within uncertainty and o4 HHEHE" —H— E
- 02 f 3
with the CMS non-prompt J/4 one E

£
©

(pr > 6.5 GeV/c).

16
\ (GeV/c

D meson values systematically higher than light hadrons, and below
non-prompt J /1. Possible hint for RABA > RADA > R, hierarchy?

ALICE

H
INEN
C
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Comparison with theory

Theoretical models generally compatible within uncertainties, but just a
few (I, Il, VII) can reproduce well both D meson and light hadrons Raa

:((1.: T B L L L L L L I L L L R L B I
o« Average D°, D, D™, |y|<0.5 | Charged hadrons, |<0.8
B | L .. |
S ALICE I — - GLVrad() 1

1 .
- . L = GLV rad + dissoc (I) 4
20%

0 H 0-20% centrality L WHDG rad + coll (Il) i
) Pb-Pb.ysyy =276 TeV - AdS/CFT Drag (Ill 1
\ I w1 Langevin HTL2 (IV) ]
0.6 This Thesis L =rais Coll + LPMrad (V) i
L BAMPS (V1) -
F miimi CUJET1.0 (VII) 1
oa | &% 1 BDMPS-ASW rad (VIII) ]
L jL%L‘ 4
F S B
ron —_— g 88 3
0.2 : =t B B B
sy WYY sl LT ~— ”-‘”-“.-nl-nu 1
S T I T AT | -.u-ll‘-ul-ln- i
B I B v B et sl I IR o e i e e v i |

o 2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16
p, (GeV/c) p, (GeVic)
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DT

energy loss

Conclusions

—
ALICE o

cross-section was measured in p-p collisions g — |

The DT p; differential production
at /s =7 TeV.

@ Good agreement between our measurement
and pQCD calculation
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DT

energy loss

Conclusions

The DT p; differential production ; %—H\Wﬁ |
. . .. - " |
cross-section was measured in p-p collisions 3 iy — |
at /s =7 TeV. R
@ Good agreement between our measurement ’E ;e '
and pQCD calculation )
The measurement of D™ v, was presented X
@ limited statistics does not allow to have a
conclusive results
@ Hint of v > 0 for p; integrated v»
@ Good prospects for the analysis of 2011 data,
where the available statistics is several times
higher

—&— Side Band subraction
—e— Fittov2 vs. mass
Anysotropy

This Thesis

e -
o S

&

DT meson analysis at the LHC with ALICE
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Conclusions

The DT p; differential production ; %—H\Wﬁ |

. . .« . 3 B - |
cross-section was measured in p-p collisions s i S— |
at /s =7 TeV. oz e e

E
@ Good agreement between our measurement E
and pQCD calculation

The measurement of D™ v, was presented X

This Thesis —&— Side Band subraction

—e— Fittov2 vs. mass

@ limited statistics does not allow to have a

conclusive results . L R ———
@ Hint of v» > 0 for p; integrated v, E
@ Good prospects for the analysis of 2011 data, :2:
where the available statistics is several times D S P A
higher ’
The DT Raa show strong suppression T o

« Average D°, D', D, lyl<0.5
- Charged hadrons, n|<0.8
= CMS non-prompt J/w, lyl<2.4

@ Hot medium effect

@ D Raa higher than charged hadrons, lower
than non-prompt J/v from CMS

@ Possible hint of Raa hierarchy.

ALICE -
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THANK YOU FOR YOUR ATTENTION
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