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Outline %

ALICE

<> Parton in-medium energy loss

<> D mesons reconstruction strategy in ALICE

<> D mesons cross section in pp collisions at Vs = 7 TeV
<> D mesons yields in Pb-Pb collisions at Vs, = 2.76 TeV

<> Results on D meson suppression in Pb-Pb collisions
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Parton energy loss

“Hard probes” are produced:
- with hard partonic scatterings

L] . .\ > : . .\ v .
B In ave ry Short tlme Scale J. Otwinowski for the ALICE Collaboration,
Quark Matter 2011 proceedings arXiv:1110.2985v1
ﬁ E ‘ ‘ | ‘ ‘ | | | I
o ALICE, charged particles, Pb-Pb

interaction with the medium =276 TeV, | ] <08

! 1

parton energy loss

v 4

ALICE Preliminary -

® ALICE Pb-Pb\/s=2.76 TeV (0-5%)
© PHENIX Au-Au\/s=200 GeV (0-10%) |
® STAR Au-Au\s=200 GeV (0-5%)

NUCLEAR MODIFICATION FACTOR

dN ,, /dp,
R, = A T
<Ncoll>x dN - / dp,

10-1 L L L L | L L L L |
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Energy loss mechanisms

ALICE
Parton energy loss by: E ¥ AE
- medium-induced gluon radiation (inelastic scattering) !
I E-AE
I
|
= X
AE = AE(e,L,Cqum) X . e
- collisions with in-medium partons +AE
The total energy loss: 12—
. . . . | |— total
- dominating contribution 10f |-~ radiative f
radiative energy loss _ s
- small fraction due to S o
. o . 8a) L
elastic collisions v
2,
P. Arnold, G.D. Moore and L.G.Yaffe, JHEP 0011, 057, (2001) % s 0 .15 T20 25 30
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Heavy quark energy loss ALICE

Gluon radiation of heavy quarks is suppressed due to the introduction

of a mass term in the heavy quark propagator.
Dead cone effect

Energy loss colour charge dependence 9 ﬁe panas

AE C C 88 CR = 3 Y.L. Dokshitzer, V.A. Khoze and S.I. Troian, J. Phys. G 17, 1602 (1991);
R qg C _ 4 / 3 Y.L. Dokshitzer and D.E. Kharzeev, Phys. Lett. B 519, 199 (2001).
R =
1.0 T I T l T ] T I T I _ ol4
Energy loss quark mass dependence ' — Chamm dN /oy = 1750 |
08 — Botiom ng/dy = 1750 -

= = Charm ng/dy = 2900
— - Bottom dN /dy = 2900 1

AE(light) >AE(c) > AE(b)

Raa(Py)

R (1) < Rys (D) < Ry, (B) D e ‘

0.2 ~ -

\_—-____-_—.—.-_.-.-

Wicks, Gyulassy,
“Last Call for LHC Predictions” workshop, 2007
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D mesons reconstruction strategy :

ALICE

D mesons full hadronic
reconstruction. " .

pointing angle B;x;-imin _
DO 9 K-T[+ \jK‘ —d)t;g ;t, ;;{e;.::_'_’:‘::— '— - -»— \ D’reconstructed momentum
Mass = 1864.80 + 0.14 MeV N Se:ldary - T K
ct=123 um :
D* = Kfrrmtt
Mass = 1869.60 + 0.16 MeV Invariant mass analysis
ct=311.8 um mainly based on:
D* > DOmt* - secondary vertex reconstruction
Mass = 2010.25+ 0.14 MeV - kaon identification
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Secondary vertex reconstruction ALICE

Displaced vertex topology:
- tracking and vertexing precision crucial for heavy flavour analysis
- Inner Tracking System with 6 Si layers:

. ALICE Collaboration arXiv:1203.2160
two pixel layers at 3.9 cm and 7 cm_. 59 —

E : T T :
= 180F Pb-Pb,\/s\\ =2.76 TeV, min. bias J
(- - _
2 160F E
= - N
2 140F —
o) C ]
;_ 120~ ® Data E
= C o Simulation with residual misalignment 1
T 100F% i —
U e (only id. pions for p, < 2 GeV/c) -
C o ]
80 "¢ —
- 3 . .
60__ Y ° ]
C O ®e ]
40 “D2ee . =
! - CO0E e ]
20— R O
_ 1 1 1 1 | 1 1 1 1 1 1 1 1 | ]

0 1 10
P, (GeV/c)

Impact parameter resolution ~ 60pum for p, = 1 GeV/c
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R,, ingredients.... ALTGE

dnN,, /dp, dN,, /dp,

R = —
“ (N,)xaN, Idp, (T, )xdo, !dp,

- Glauber fit: measurement of N_,;, and T,,
- pp reference at Vs = 2.76 TeV
- Corrected yields in Pb-Pb collisions
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D mesons cross section in pp collisions
at 7 TeV ALICE

[ALICE Collaboration], JHEP 1201, 128 (2012) [arXiv:1111.1553 [hep-ex]].
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ALICE pp measurement at Vs =7 TeV scaled to Vs=2.76 TeV using
FONLL predictions. R.Averbeck et al., arXiv:1107.3243
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Pb-Pb central collisions: signal extraction
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Pb-Pb collisions: dN/dp, %

pp scaled reference x <T,,>
Pb-Pb vield

)
~
> D° meson D* meson D** meson
& o
1 — E
: Centrality 0-20% ALICE SNN_‘?'76 Tev Systematic uncertainties E
N
g —— pp rescaled reference |:| from Data i
W%
=101 —¥— Pb-Pb i E
(_l“‘ _E_ - from B feed-down subtraction ;
S ]
=
Z :@: m —-
T 10?2 i =
* —
o
-3 E—O—_E_ - .
10 —E—
+
104 | Centrality 40-80% -
—o— pp rescaled reference = 5.3% norm. unc. on pp ref. for centrality 0-20% not shown — 00— ]
+ 6.9% norm. unc. on pp ref. for centrality 40-80% not shown —@—
—i— Pb-Pb BR syst. unc. not shown
10°

0O 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18
p, (GeV/c) p, (GeVic) p, (GeV/c)

ALICE Collaboration arXiv:1203.2160
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Pb-Pb collisions: dN/dp., n%
LICE

pp scaled reference x <T,,> Indication of suppression
Pb-Pb yield

D° meson D* meson D** meson

Centrality 0-20% ALICE NSNN=2'76 Tev Systematic uncertainties

—— pp rescaled reference |:| from Data ]
—¥— Pb-Pb E
_E_ - from B feed-down subtraction | 3

o —f—
Centrality 40-80% -
—ao— pp rescaled reference +5.3% norm. unc. on pp ref. for centrality 0-20% not shown —O0—
+ 6.9% norm. unc. on pp ref. for centrality 40-80% not shown —@—
—i— Pb-Pb BR syst. unc. not shown

O 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

p, (GeV/c) p, (GeVic) p, (GeVic)
ALICE Collaboration arXiv:1203.2160
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D meson R,, Vs. p,

ALICE Collaboration arXiv:1203.2160

Q 2 [T T T T T T T T T T T T T T T T T T T T T T T T T T T T TT [ [ L UL N L L L L L L
S ,gF WD = ALICE E
E "t AD* : N 1 : ° N
o C en Centrality 0-20% T Centrality 40-80% .
a g Ea Pb-Pb, S, =276 TeV ]
o 1.4F F E
1.2 + -
1 ————————— H-- =
0.8 + -
0.6[~ —+ =
0.4F Hﬂ%@ —+ =
02F :%: —+ =

0 : 11 I L1 1 I L1 1 I L1 1 I L1 l I 11 l I L1 1 I L1 1 I | :: 1 1 1 I | I | I L1 1 I L1 1 I L1 1 I L1 1 I | I | I L1 1 I 11 :

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

For 0-20% CC suppression is a factor 3-4 for p, > 5 GeV/c.
For 40-80% CC suppression is about a factor 1.5 for p, > 5 GeV/c
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D meson R,, vs. collision centrality

5 centrality classes: 0-10%, 10-20%,
ALICE Collaboration arXiv:1203.2160 20-40%, 40-60%, 60-80%.

ALICE
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o [ ~ 1
o I T CiR[ e -
g [ "0’
o | AD" ]
0.8 — ep* _
B Empty: Uncorrelated syst. uncertainties
Filled: Correlated syst. uncertainties

il

2<pt<5GeV/c 6<pt<12GeV/c

Ty jo

o
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I
(—— =
==
| | | | | | | | | | | | | | | | | | |
[

0.2 |
. lyl <0.5 lyl <0.5
D™, D* shifted by = 10 (N0 ]
0IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 400

N (N_)
For 6-12 GeV/c p, range the Suppression shows a clear trefd
with centrality. For lower p, the dependency is less pronunced.
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Initial state effects

ALICE
ALICE Collaboration arXiv:1203.2160
() 2_"'I"'I"'I"'I'"I"'I"'I"'I"'_
Nuclear PDFs # partons PDFs B g0 ALICE E
- Small x®") gluons tend to merge : 0-20% centrality :
S 1.6 Pb-Pb,\/s, = 2.76 TeV
together to reach a larger x. < a Average D°, D*, D, Iyl<0.5
- Initial hard scattering probability S ] NLO(MNR) with EPS09 shad. -
reduced at low x and Q? b -
e =
Shadowing effect computed with 0.8 g
pQCD calculation with CTEQ6M PDFs 0.6 .
and EPS09 NLO parametrization. 0.4F H E
P
The Strong Suppression ObserVEd O:I [ | 111 | L1 1 | 111 | 111 | L1 1 | L1 1 | 111 | 11 :

(@)

. . . 2 4 6 8 10 12 14 16 I18
is likely to be a final state effect p, (GeVic)

Raa Of D mesons averaged using
statistical errors as weights.

Y momentum fraction of the
nucleon carried by the parton
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CMS Collaboration arXiv:1201.5069

RAA (n) < RAA (D) < RAA (B) ? ALICE Collaboration arXiv:1203.£%]

ALICE charged hadrons R,, in the
centrality class 0-20% (*).

Displaced J/W from B decays
measured by CMS in 0-20%

Raa () < Ryp (D)?
There is an indication of saying yes.
Not conclusive.

Raa (D) < Rpa (B)?
Different p, range, not possible to
conclude.

< :I T T | [ | [ | [ | [ | [ | [ | T T | T I:
T8l ALICE E
| - 0-20% centrality .
1.60 Pb-Pb,\s,,, = 2.76 TeV
1.4 e Average D°, D*, D™, lyl<0.5 —
- o Charged hadrons, Inl<0.8 ]
1'2:_ = CMS non-prompt JAp, lyl<2.4 -
11| 1 R =
0.8 =
0.6 H =
0.4 I ]
- . q H E+: I ]
0.2F a0 B_ —_f_ oo B E

III|III|III|III|III|III|III|III|III
0O 2 4 6 8§ 10 12 14 16 8

(*) ALICE preliminary results showed that
charged pion R,, coincides with charged
hadron R,, for p, >5 GeV/c
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Comparison with energy loss models

- = mm e =
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ALICE Collaboration arXiv:1203.2160
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Comparison with energy loss models

(I) Radiative energy loss

with in-medium D
meson dissociation

(VIl) CUJET1.0

approaches describe
reasonably well at the
same time charm and

light-flavour suppression.

Ferrara, 12/04/2012
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Conclusions %

ALICE

<> First measurement of the direct charm suppression in central heavy-ion
collisions: arXiv:1203.2160

<> The D meson Nuclear Modification Factor (R,,) has been studied as a
function of p,and of centrality of the collisions.
The suppression measured is a factor ~4 for D with p, >5 GeV/c
The effect is decreasing from central to peripheral collisions.

<> Comparison with theoretical calculations suggests a final state effect, due
to parton energy loss.
A p-Pb run will take place this year to study nuclear shadowing at the LHC.

<> The mass hierarchy in the energy loss has been tested and no strong
conclusion can be drawn so far.
There are indications that R, (t) < Ry, (D) < R,, (B) could be valid.
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ALICE

Back up slides
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Heavy quark energy loss FI:LICE

Gluon radiation of heavy quarks is suppressed due to the introduction

of a mass term in the heavy quark propagator.
Dead cone effect

Energy distribution of the radiated gluons

2
o 8luo _ ol (1, 00) o M 1 Q0
dw dw 0 "E vy

Y.L. Dokshitzer, V.A. Khoze and S.I. Troian, J. Phys. G 17, 1602 (1991);
Y.L. Dokshitzer and D.E. Kharzeev, Phys. Lett. B 519, 199 (2001).

Energy loss colour charge dependence 22 C, =3

<AE> X CR q8 Cr=4/3

Energy loss quark mass dependence
AE(light) >AE(c) > AE(b) > R,, (1) < Ry, (D) < R4, (B)
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ALICE

Energy loss based predictions ", Pb-Pb collisions at Vs = 5.5 TeV
- factor 3-5 suppression for D mesons

Heavy quarks E. loss: some predictions

) V24 L N B AL ELELELELE BRI I
- smaller suppression for B mesons o : B _
T — § 1 no energy loss
a, = 0.4 o C
— Gharm dN_/dy = 1750 GEJO.S_* dashed: q = 25 GeV°/fm ]
0.8 — Bottom dN/dy = 1750 - - . solid:q =100 GeV?fm
— - Charm dN /dy = 2900 ] 0 6'_ ‘. thin: m, = 0 _'
_ - Bottam dN/dy = 2900 T "+, thick: m, = 4.8 GeV
0.6 L . -
'Q.T_ 04_.__ maSSIve...."-..-.. —_
i :
0.4~ D \‘*§ 0.2? ~~~‘__ ------- -.—-.__
[ K N 0".,..1....|....|....|....1'
0.2 R 0 5 10 15 20 25
i | B meson P, [GeV]
ool L1 Armesto, et al. PRD71 (2005) 014003
0 5 10 15 20 25 30
pT(GeV)
. (*) icti
Wicks, Gyulassy, not up to date predictions.

“Last Call for LHC Predictions” workshop, 2007 New predictions at the end...
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A Large lon Collider Experiment - ALICE !CE

(Stip ) ( Drift ) ( Pixel )

Trigger:
Silicon Pixel .

Detector (SPD), 4 S\
VO - 1

TRACKING
CHAMBERS

(HMPID )
Tracking: - - T lb
Inner Tracking - [ -

System (ITS),
Time Projection
Chamber (TPC)

PID:
Time Of Flight
(TOF), TPC

ABSORBER

Ferrara, 12/04/2012 D mesons R,, D. Caffarri B3



Centrality measurement ALICE

Collision geometry = number of participating nucleons : Npare = 2A = Ny

Centrality measurement in ALICE:
- use Zero Degree Calorimeter data

- Glauber Fit ALICE Collaboration Phys.Rev.Lett. 106 (2011) 032301
) L L L L B BN B - —
§ + Data '

W 107 | :

—— Glauber fit i
. . « e \ E ]
Based on fit on multiplicity 1061 P : , ]
. . . “‘W% 0 500 1000E
distributions of: 1 aan B
- VZERO amplitude el el o |
. o| o o o =) T
- SPD hits gl gl d | & a E
- TPC traCkS -2 do I P AT | A (i | L1 P R BRI i‘
10 0 5000 10000 15000 20000

VZERO Amplitude (a.u.)

Measurement of N_,, and T,, =2 ingredients for the R,

Ferrara, 12/04/2012 D mesons R,, D. Caffarri B4



Particle Identification - PID E

Conservative PID strategy used to identify the kaon candidates.
Kaons are identified via:

- the energy loss deposit in the TPC (0.6 < p < 0.8 GeV/c 20 cut)
- the velocity measurement in the TOF (p < 2 GeV/c 30 cut)

Q.
2 200 E Performance 1 Sk ot
c 2.76 TeV min. bias 0.9F
: H H F -

: 18/05/2011 g Y
Q H H o | 10
g 0.7 u
@ 0.6 =
%_) -

l_ i 05 11\ o :
J 10
: 0.4 ALICE Performance
C 15/05/2011
02 03 5 3 4567 10 20 034 TOF PID - Pb-Pb,\[5,;=2.76 TeV, min. bias
GeV/C :I ) - | ) T l ] l Lo | ) l ] I - | 1111 | 1111 l ] | 1111
P ( ) 0'20 1 2 3 4 5 6 7 8 9 10 1
p (GeV/c)

Keep the signal loss as small as possible
Background reduction by a factor 3 for central Pb-Pb collisions.
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LHC as heavy flavour factory

[ALICE Collaboration], JHEP 1201, 128 (2012) [arXiv:1111.1553 [hep-ex]].

ALICE

Good agreement with NLO calculation
Increase of a factor ~7 with respect to PHENIX and STAR

Ferrara, 12/04/2012

D mesons R,,

D. Caffarri

E 102; DnlppﬁqTEVIL"'_ASU%E‘j 3 IIII| T T IIII| T T T 1 ||||| T T T 1 |||||
5", 1of DO 2 M ‘ ALICE 3- | —@— ALICE Preliminary (total unc.) ]
A 8 L 5 10 —— %, ~4| [ ALICE extr. unc. 0]
g == i D* 3 . O ppfE-7TeV L, ~5n6 ] l§10 ~ —o— ATLAS Preliminary (total unc.) . E
8 i 2 «, | 1 | ATLAS extr.unc. .
g s 1% D* - & [ LHCb Preliminary (total unc.) ,/$ N
" 8 o D =z ] - A PHENIX 1
% B = 2 | == - % STAR (dA) -
b [] HERA-B (pA) * T
E = £ 10’ m E653 (pA) =
E # - @ E743(pA) L’ il ]
L -V NA27(pA) /] T ]
£ - @ NA16(pA) - 27 ZEINLO(MNR)
- O E769 (pA) _
102:_ ,,I ,/ _:
ALICE D mesons measurements - y E
in pp collisions at 2.76 and 7 TeV i ; f ALICE Preliminary -
used to compute J’
. . 10:_ N ’ =
the total charm production cross section [, "/ /0 o il i
10 10? 10° 10°
\'s (GeV)

B6



pp scaled reference at Vs = 2.76 TeV

ALICE pp measurement at
Vs =7 TeV scaled to Vs=2.76 TeV

using FONLL predictions.
R.Averbeck et al., arXiv:1107.3243

DO cross section measurement at Vs = 2.76 TeV

( 3 days of data taking)
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As test the exercise was done scaling

at 1.96 TeV and compared to CDF data.
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pp scaled reference at Vs = 2.76 TeV
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Entries/10 MeV/c? Entries/10 MeV/c?

Entries/10 MeV/c?

D? Signals in peripheral
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ALICE Performance
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ALICE

40-80% CC

6.3 x 10° events

2< p, < 16 GeV/c
(hint of signal in 1-2)
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Efficiencies

Efficiencies are computed using HIJING PbPb Monte Carlo
simulation with embedded PYTHIA cc events

ALICE
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ALICE Collaboration arXiv:1203.2160
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Feed down correction and %
beauty energy loss hypothesis ALICE

Beauty feed down:
Monte Carlo method based on FONLL predictions.
Subtraction to the D° raw yield the expected secondary raw yields.

Beauty energy loss:
Hypothesis on the energy loss of beauty quarks is adopted.
Central value: R, feed-down = R prompt
Hypothesis 0.3 < R, feed-down /R prompt< 3
(no correction applied,

a systematic uncertainty added)
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ALICE Collaboration arXiv:1203.2160

Systematic uncertainty from RA

- l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1
30 0.5 1 1.5 2 2.5 3
)

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

Beauty feed down:

Monte Carlo method based on FONLL predictions.
Subtraction to the D° raw yield the expected secondary raw yields.

ALICE
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Systematic uncertainties: 0-20 % CC %
ALICE

Particle D’
pyinterval (GeV/c) | 2-3  12-16
Yield extraction 8%  10%
Tracking efficiency 10%  10%
0200 Cut efficiency 13%  10%
¢ . +15
centrality PID efficiency 5% 5%
MC p; shape 4% 3%
FONLL feed-down corr. 3% %
R /R™ (Bq. 3) | Tjg% 3%
BR 1.3% Particle DY
pyinterval (GeV/c) | 2-3  12-16
Data syst. pp and Pb-Pb B% 2%
Data syst. in Pb-Pb f%g% fg%%
Data syst. in pp 17%  17%
0-20% ling of th f 0%+ 39
centrality \/s-scaling of the pp ref. 3% T %
Feed-down subtraction % 1%
FONLL feed-down corr. flg% ¥ 5%
Rﬁd—down/RRerpt (Eq (3)) :]g% t%%

ALICE Collaboration arXiv:1203.2160
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Open heavy flavour comparison

ALICE D%and HF electrons measurements
CMS displaced J/W from B decays
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Energy loss models (I)

Path integral approach scattering
probability expansion

ALICE

- pQCD approaches R
- Hard parton traversing the medium interacts with various scattering centres.
- Initial parton = lower energy parton + radiated gluon ,
(k)
A 1

BDMPS — ASW () multiple-soft bremsstrahlung gluon radiation q=
DGLV @ starts from a single-hard radiation spectrum A
DGLV + collisional energy loss and path length fluctuations 2> WHDG )

(1) R. Baier, Y. Dokshitzer, A. Mueller, S. Peigné and D. Shiff, Nucl. Phys. B 483, 291 (1997).
C.A. Salgado and U.A. Weidmann, Phys. Rev. Lett. 89, 092303 (2002).

(2) M. Djordjevic, M. Gyulassy, Nucl. Phys. A 733 265 (2004)

(3) S. Wicks, W. Horowitz, M. Djordjevic and M. Gyulassy, Nucl. Phys. A 784, 426 (2007).

AdS/CFT
Weakly coupled gravity theories = four-dimensional gauge theories
Possible determination of medium viscosity, transport coefficient, heavy quark

diffusion coefficient C. P. Herzog, A. Karch, P. Kovtun, C. Kozcaz and L. G. Yaffe, JHEP 0607, 013(2006)
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Energy loss models (ll)
ALICE

Transport models

- Interaction of the charm quark with the plasma: drag and diffusion forces

that act on the quark
- Charm quark in the QGP = treated with Brownian approximation
- Charm quark density = Boltzmann equation

A. Beraudo, A. De Pace, W.M. Alberico, A. Molinari. arXiv:0902.0741v2 [hep-ph]
J. Uphoff, O. Fochler, Z. Xu and C. Greiner, arXiv:1112.1559 [hep-ph].

Ferrara, 12/04/2012 D mesons R,, D. Caffarri B16



... and outlook ALICE

Strong interaction of charm with the medium...
and what about thermalization with the medium?

ALICE first preliminary measurement on charm flow...

The first point suggests a that charm flow is different than zero (1.80)

>N 0-6 T T | T T T | T T T T T T | T T T | T T T

C T T T
2011 statistics will allow 0 o5f . preers o et sp
improve the measurement —e— D, EP mass fits in 2 A¢ bins
and to study charm quark

thermalization.
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Flow measurements
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