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ALICE

Results in Pb-Pb collisions at VsyN = 2.76 TeV
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Heavy-flavour production in Pb-Pb |
ALICE

Heavy quarks — produced in hard partonic scatterings in the early stages
of the collision (before Quark-Gluon Plasma (QGP) formation)
Open charm and beauty hadrons are very good probes of the QGP.

RAA — Nuclear modification factor

2
R (oL ENus/dpydn
<Ncoll> dszp /dedT’

N_,— Number of binary collisions

R,, #1 — Medium effects:
Energy loss in the QGP — R, <1
Cold Nuclear Matter (CNM) effects — R, #1

Energy loss, expected from theory:
Dokshitzer and Kharzeev, PLB 519 (2001) 199. MaSS hierarchy N AE > AE S AE S AE
g uds c b

Armesto, Salgado, Wiedemann, PRD 69 (2004) 114003. . .
Should be reflected in the R, , (with caveats):
— R, ,(B)>R, (D)>R, (1)
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Heavy-flavour production in Pb-Pb Il
ALICE

Flow = collective expansion of the medium created in heavy-ion collisions,
established due to multiple interactions among its constituents

Non-central collisions Initial spatial anisotropy — momentum anisotropy
Pressure gradient (different in-plane and out-of-plane)

X X

.~
Px

Q\"

O
6"

Px

New Journal of Physics 13 (2011) 055008

Anisotropy studies via the Fourier coefficients of the particles azimuthal distribution
relative to the reaction plane:

EdSN = L _d'N (1 +2iv cos[n(p — ‘PRP)]) Va(pr, y) = (cos[n(p — Wgp)])
d’p  2x pdpdy "

v, is called elliptic flow (n=2) and it is sensitive to:

Participation of charm quarks in the collective motion of the medium (low pT)

Path-length dependence of in-medium energy loss (high p.)
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ALICE Experiment %

EMCAL s fDTo&vo B=05T

TRD SRS tracking
— chambers
HMPID Y muon filter
PMD Ty ,//
IDC~116m. o ey B LA ngger
from IP T /Ml XL T chambers

ZDC ~116m
from IP

ALICE

Open-charm into hadronic
decays:
Central Barrel detectors

(In|<0.9):

DK™

D' K m'm*
D*—-Dm*

D "—>me-K'Km
A’ — pK'Tt and pK°

Central Barrel detectors — |n|<0.9

PHOS  absorber dipole magnet EMCal: |n|<0.7
Muon Chamber: -4<n<-2.5

TPC(Time Projection Chamber) — Tracking and Particle Identification (PID)
ITS (Inner Tracking System) — Vertex reconstruction, tracking and PID

TOF(Time of Flight) — PID
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Open charm reconstruction from
hadronic decays

Inner tracking system (ITS) Impact parameter resolution (ITS)

g SPD

SDD

87.2 cm

ALICE
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‘ ALICE
charged particles

200+ pp Is =7 TeV
[ " p-Pb |sy, =5.02 TeV
® Pb-Pb s, =2.76 TeV

t:lnx,‘lf resolution (um)
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: ArXiv:1402.4476

Current ITS

~100-300 um at low p_

Resolution of track impact parameter
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Topological cuts based
on displaced vertex analysis
— ITS detector

PID with TOF and TPC
Select protons, kaons and pions
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RM of D Mesons %

D <p.>~10 GeV/c

e Average D% D', D™ |y|<0.5, 0-7.5%
1.4}~ owith pp pT—extrapclated reference

D° D%, D™ in their hadronic channels B <p > ~11 GeVic ALICE
{ 2_II |I LI II|I||II||I|II|II|I|IIII|IIII_ $1.4I| LI |II||II|I-II‘I|IIIIIIII| T
o g POPb (S =276 TeV E R
1.2 Correlated systematic uncertainties
1 6: JLICE - T i [ Uncorrelated systematic uncertainties

® CMS Preliminary Non-prompt J/y

. 6.5<p <30 GeV/c, ly|<1.2
= Charged particles, n|<0.8, 0-10% 0.8 H [ Systematic uncertainties

1-2:_ « Charged pions, n|<0.8, 0-10%

CMS-PAS-HIN-12-014
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P, (GeV/c) @ Centrality @

1 o.ei— m E . _i
0.8 - i
0.6 0'4_ EI EI @ ]
04t _: 0-25_F’b-Pb, VS = 2.76 TeV = = _
0_2:_ _: ol Lol b b by ia bow i b
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o
—
o
—
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M
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D-meson yield is strongly suppressed at high p_
R,,(D) compatible with R, (1) within current uncertainties

More statistics needed to conclude on the expected hierarchy R (D) >R, (T
At high p_: R (D) <R,, (J/}) from B decays measured by CMS

Consistent with expectation due to mass-dependent energy loss
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Comparison of R, with models

Filled markers : pp rescaled reference

< 2-:4- T T I T T TT I T T | T T | T T T T T T T T T T
< k .. .
E ALICE Preliminary ]
"8 Pb-Pb, \|s =276 TeV .
1.6|= ®Average D°, D*, D*" |y|<0.5 —
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E 0-7.5% centrality Djordjevic é**) ]
1.4|= =i Cao JQin, ass (*) —
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PR s Sl L Wl

—'E'l . (*) predictions for 0-10%

__;,g'; . (**) predictions for 0-5%
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P (GeV/c)

ALICE

TAMU elastic: arXiv:1401.3817
Djordjevic: arXiv:1307.4098

Cao, Qin, Bass: PRC 88 (2013) 044907
J. Phys. G 38 (2011) 124114

MC@sHQ+EPOS: PRC 89 (2014) 014905
Vitev, rad+dissoc: PRC 80 (2009) 054902

POWLANG: Eur. Phys. J C 71 (2011)1666]
BAMPS: Phys. Lett. B 717 (2012) 430

Some models can describe the measured RAA within the uncertainties
More statistics are needed to further constrain the models
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RAA of DS+ mesons %

c:) 22__| T T | T T | T T T | T T | T T T T | T T 1T
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S f
o 1.6_— PRELIMINARY
<C — *y
1 al e Average D° D*, D* 0-7.5%, |y|<0.5

i e D! 0-7.5%, |y|<0.5
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ALICE

At low/intermediate p_

From predictions:

Strange D mesons enhanced
relative to non-strange ones
due to recombination

Kuznetsova, Rafelski, EPJ C 51 (2007) 113
He, Fries, Rapp, PRL 110 (2013) 112301

Compatible within uncertainties

At low p_, central value of RAA(DS"' ) > R,, (non-strange D):

More statistics needed to conclude on this subject.
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D-meson vV, In Pb-Pb

Phys. Rev. Lett. 111 (2013) 102301

>‘\J 0.4 I T L L .
| ALICE Pb-Pb, | Sy = 2.76 TeV
Centrality 30-50% -
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02l %I ‘
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(O b s o ]
¢ Charged particles, v,{EP,JAn|>2} Il |
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arXiv:1405.2001 ALICE
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I I I I I I I I

m ALICED’D', D*average  Pb-Pb, \Sn = 2.76 TeV A

[T Syst. from data .
Centrality 30-50%
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| T

- BAMPS — — UrQMD

B ic ~,~/~l~ ll .
L L -
I O e Yttt s N
- ‘,;Z o x":q'-'.-\f.(..—...-_ o, i T
I A s .. sl ]
C WHDG rad-+coll 7
- —  POWLANG -
~ -..-..- Cao, Qin, Bass — _]

ERREY MC@sHQ+EPOS, Coll+Rad(LPM) - --- TAMU elastic

1 I I I | I 111 I 1 1 I | I L1 1 I 111 I 1

0O 2 4 6 8 10 12 14 16

v, of D Mesons — Positive in 2 < p_< 6 GeV/c (5 o significance)

Suggests that c quarks participate in the collective motion
With current statistics — No conclusion on path-length dependence

of energy loss at high p_

Some models describe the data within uncertainties
Simultaneous description of v_ and R, , challenging for models
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ALICE

Results in p-Pb collisions at VsNN = 5.02 TeV
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Heavy-flavour in p-Pb

ALICE

In order to interpret the Pb-Pb data and conclude about the

energy loss mechanisms:
— Understand the role of initial state effects
— Disentangle them from the dense medium effects

p-Pb collisions to understand cold nuclear matter effects:

— k_broadening
— PDF modifications, mainly shadowing/gluon saturation at low x

Nuclear Modification Factor in p-Pb
R B (do/dpT )ppb
PPP T A% (do/dpr),,

Production in p-Pb collisions compared with pp
Rppb # 1 — Cold Nuclear Matter (CNM) effects

July 22, 2014 Marcel Figueredo - BEACH 2014 - Birmingham
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Rpr

P

R . of D Mesons

ALICE

In p-A collisions:
- Rppb compatible with 1 for

p.>2GeVic

— Small cold nuclear matter
effects for p_ <2GeV/c

— Suggests suppression in
Pb-Pb due to dense medium
— Models of CNM effects
describe the data

within uncertainties

B ] I I I I 1 I I I I I I | 1 I I 1 | 1 I I | | | I |
- ALICE p-Pb, 5, =5.02 TeV -
1.6 Average D°, D*, D™* ]
- -0.96<y__ <0.04 ]
1.4 -
1.2 ) —
1 e e === — R H
0.8 —
0.6} - -
4 Average D mesons
0.4— —
- ---:CGC (Fujii-Watanabe) 7]
0.2 | ——= pQCD NLO (MNR) with CTEQ6M+EPS09 PDF ]
[ == Vitev: power corr. + k'r broad + CNM Eloss |
B | | I | 1 | | | | | | | | | | | 1 | 1 | | | | | | i

% 5 10 15 20 25
P (GeV/c)

arXiv:1405.3452v1

[M. Mangano, P. Nason and G. Ridolfi, Nucl. Phys. B 373
(1992) 295;

K. Eskola, H. Paukkunen and C. Salgado, JHEP 04467
(2009) 065.;

H. Fujii and K. Watanabe, arXiv:1308.1258.

R. Sharma, . Vitev and B. -W. Zhang, Phys. Rev. C 80461
(2009) 054902.]
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ALICE

The ALICE Upgrade
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ALICE Upgrade

ITS (Inner Tracking System):
— Closer to interaction point
-39 mMm — 22 mm
— Lower material budget
- ~1.14% — ~0.3 % (for inner layers)
— Pixel size reduced
— 50 pm x 425 pm — 30 pm x 30 um
— More layers (7 instead of 6)
— Only pixels
— No more drift and strips
— Impact parameter resolution:
— ~3x better in the transverse plane

TPC + ITS:
— Faster readout:
— Pb-Pb at 50 kHz, pp at 200 kHz
— Currently limited at 1 kHz with full ITS

ALICE

Beam pipe

TDR (Technical Design Report)
— CERN-LHCC-2013-024 ; ALICE-TDR-017

Targets:

L _—10 nb-1 with minimum bias events
Upgrade planned for shutdown 2 (2018-19)

July 22, 2014 Marcel Figueredo - BEACH 2014 - Birmingham
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RM of D mesons <
ALICE

From Simulations of Pb-Pb collision with the ALICE upgrade

2: L | L I L I L I L | L l I : § 2_ T T TT | T 11 | T T T | T T T | T T T | T T T | I B
1.8-ALICE Upgrade  Pb-Pb.\/s\=5.5TeV < @& 4 g- A| ICE Upgrade  Pb-Pb,\[sy = 5.5 TeV
1.6 L = 10 nb™, centrality 0-10% 1 6b L. =10 nb", centrality 0-10% -
:_ 0 ga _: . E 3 E
1.4: . D—) K_TCJh : 1.4 DO—)KTC+ =
12 P KK smom e 4 1pf4ty,  Nonpromptiys o' SUE
b I e =
0'8Hﬂ ; 1 osf i s
— ] B * 7
0.6: P ) . . : 0.6_—1} + .
0 4+ - e o f - - t & .
. - -E-E-_E__E_ ) ] 0.4 By -5 g B ]
OO_ L1 1 é L1 |1|O| L1 |1|5| [ |2|0| L1 |2|5| L1 |3|0| ] - | | | | | | ]

0O 3 10 15 20 25 30

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

R,, of charmed mesons with percent-level precision — down to low p_

Precise comparison between strange and non-strange D mesons.
— Hadronisation mechanism and strangeness enhancement in QGP.
Comparison between open beauty and charm will be possible.
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v_ with the ITS upgrade

ALICE
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B S3 o] _ i i
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. —— ] - 24102013 ]|

0.1: ' N J, : 0.1: | | . :
0.05- — 05 ¢ e, ~
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:+ 24/10/2013 : : ¢ ]
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v, measurements for open charm and open beauty
First measurements of A andyv, of Ds+ will be feasible!
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Summary and Outlook %

ALICE

« Open charm production cross sections in pp and p-Pb well described by pQCD
calculations and CNM effects in p-Pb

- Heavy-flavour hadrons in Pb-Pb collisions:
- Strongly suppressed in high p;
- R, close to unity suggests that this is due to final state effects.

- Energy loss mechanisms can describe this behaviour

- Different R,, of D (ALICE) and J/y from B (CMS) follows the expected quark
mass dependence of energy loss
- More statistics needed to draw conclusion on D vs. pion R,,

- Elliptic flow, v,> 0 — indicates collective motion of charm in the medium.

« More statistics needed to put more stringent constraints to models — Run
2015 and Upgrade

« ITS + TPC Upgrades — Readout units will work much faster
 ITS upgrade — Improve tracking and vertexing resolution

- Improve significance and reduce background of the open charm reconstruction.
- High precision measurements of R,, and v, of several HF hadron species.

- Heavy-flavour baryons will become accessible in Pb-Pb collisions.
July 22, 2014 Marcel Figueredo - BEACH 2014 - Birmingham 19



ALICE

Backup Slides
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Results p-Pb |l

ALICE Preliminary
D° meson, |y|ab|<0.5

—
N

ALICE

-
\Y)

¢ pp,\s=7TeV
2<pT<4 GeV/c

# p-Pb,\s, =5.02TeV
2<p_<4 GeV/c

-
o

dE ND / dy de B Ymuii /[ E'.rn'uii % N;?:iii)

(NP [dydpr)  Y'o!/(e! x Nigi,, [etriooe)

(dzND/dyde) / <d2ND/dyde>

(0]
TR T T T[T T T[T T[T T[T [T TTIT[]
- | —o— |
- ]
oo b b o ben boea b I

. IS
2 @_,—-"" +7%/-3% (3.1%) in pp (p-Pb)
.- normalization unc. not shown
.-Eﬂ; 6% (3%) unc. in pp (p-Pb)
_____ on dN/dn / < dN/dn > not shown
. —T—*I ] ! ] ] ] ] ! | ] | ] ! ] ] ] ] } | ] ] ] ! 1 1 |
[&]
[t 0.4 B fraction hypothesis in pp and p-Pb: x 1/2 (2) at low (high) multiplicity
D
g 0.2 =
o OF =
_(? = -
"'9 0.4 E 1 1 1 =
m 0 1 2 3 5 6

4
dN/dn / (dN_/dn)

D yield/event in a multiplicity range
Corrected by the reconstruction

7 efficiency

Self-normalized D-meson yields vs. multiplicity
— Increase with the charged particle multiplicity at mid-rapidity.
— Similar behaviour in p-Pb and pp collisions
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A_with the ITS upgrade

NK. — 2 <p_ <6 GeV/c (current data):

Enhanced in most central collisions
Phys. Rev. Lett. 111, 222301 (2013)
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ALICE Upgrade

L. = 10 nb™, centrality 0-20%

——— TAMU, Rapp et al. (2.76 TeV) |

IIIII]IIIIIIIIIIIIIIIII[
Pb-Pb,\ s, = 5.5 TeV

ALICE A/KS param (2.76 TeV)
Ko et al. (200 GeV)
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I
I :
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10 12 14 16 18 20 22
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The baryon/meson ratio in the strangeness sector suggests:

Recombination, radial flow processes or hadronisation from di-quarks in the
medium?
Does this persist in the charm sector? J/Y R, , at low p_suggests that

/\ch will clarify the origin of this effect.

Sufficient statistics to disentangle different models.
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ITS Upgrade

ITS (Inner Tracking System): LICE
— Very important for open charm analysis
— Reconstruction depends upon secondary vertex analysis

Current ITS ITS Upgrade

»
»

87.2 cm

3x factor reSqutié% in the transverse plane
6x in the z direction

E S00r - /E\1O3
= S ALICE 3
S 250¢ charged particles c i
3 r ) | ®)
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% 200 s ppls=7TeV ] % PERFORMANCE
| : = p-Pb |5, =5.02 TeV §102
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=
100} s, . ©
.=. i
* 5, 10
TR ]
S0r "‘-:!! x * Fw 1 | ®  dr0) Resolution (ITS Upgrade)
- . ToTEER e [| @ mranen | e
-IUD'1 1 1 D Fast MonteCarlo (ITS Upgrade)
1 I i I
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A_with the ITS upgrade

ALICE
ITS upgrade will improve background reduction

Ratio A /D AR,
L o B B L B B BRI I R R 2 2;"”'”'“”"”'”'f"’l"'l"""'l"-l"ﬂzl
ALICE Upgrade  Pb-Pb,\ sy = 5.5 TeV T 8L A~ pK'  Pb-Pb,\[Sy, = 5.5 TeV-
: : e ) ANE
o L., = 10 nb™, centrality 0-20% 160 Ly = 10 nb™, centrality 0-20% -

T T T

| 11 1

T
|

ALICE A/KS param (2.76 TeV) 1.4
-------- Ko et al. (200 GeV) b C

i ﬁ — TAMU, Rapp et al. (2.76 TeV) ! '2:
. 0.8 H

(A/D),, o /(AD)

|

ALICE

PERFORMANCE

lI.|.II.II.I.I]Ll]LI].II.II.I.IJl

26/09/2013 0.6 :_ _H_
: N
] 0.4} N
1 ] n H,_H_
B |_| | 0.2
o e b b b b b v b b b N
O 2 4 6 8 10 12 14 16 18 20 22 s le s b b e loaa by bywaloaa byl
o (GeVi) © 24 6 8 10 12 14 16 18 20 22

P, (GeV/c)

The Ratio ACID and Ac RAA will also be measured

Check baryon/meson ratio for heavy quarks as well.
Hadronization mechanisms — Recombination processes for instance
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Open charm in pp collisions .

ALICE

10° Crr T O D+

) = ALC = 5 10°g AR
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pQCD predictions in agreement with

data R B4 Py
JHEP01(2012)128 (arXiv:1111.1553) Yy = 5 S
Predictions: FONLL (CERN-PHTH/2011-227) , GM-VFNS (arXiv:1202.0439)
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The detectors are complementary and cover a large pT range
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V2 — E.P. Based Method %
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