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Heavy quarks:

physics motivations N

* Heavy quarks are produced in hard scattering processes in the initial stages of the collision

» They give us different information in each type of collisions:

_ pp test pel’turbative QCD proton-proton coHr’sionM lead-lead collision

v

- p-Pb: reference for initial state effects k /
proton proton

- Pb-Pb: initial and final state effects
due to the interaction with the medium

quark

 In heavy-ion collisions, they pass through

after the collisons

all the phases of the medium evolution losing energy via:

- gluon radiation

- elastic collisions in the medium

* They are sensitive to the density of the medium

« Colour-charge and mass dependence of energy loss === AE_ > AE,k , >AE_ > AE,
Dokshitzer and Kharzeev, PLB 519 (2001)
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The ALICE detector

ALICE
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Data set D

INFN
L'/.'
« 2011 Pb-Pb run at vs=2.76 TeV with integrated luminosity of:
- 20.9 pbt in 0-10% centrality (central trigger)
- 6.2 ub1in 10-50% centrality (semi-central trigger)
* Centrality classes defined on the basis of the Geometrical Glauber
model applied to the measured VZERO amplitude
Peripheral collisions (b =2F) central cotsens (-9 Prompt D mesons analysed in

different centrality classes:

8 ¢ D - 0
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* D mesons are reconstructed via their hadronic decay channels:
- Do - K- Tt BR=3.9%
-D* - K- 1t U BR=9.1%

-D*-DY(— K T+ BR=2.6%

-D - @(~-K*K)m+  BR=2.3%

» Based on the identification of secondary vertices displaced by few hundreds pm

« Main selection criteria: E toof | PoPbem 576 TeV,min bins 3
— p;and impact parameter (d,) of the single tracks % 1902_ E
— PID (m, K, p) for background rejection at low p; with TPC+TOF % ::E: . giﬁu"aﬁon ith recidual misa"gnmem:;
— Pointing angle (the angle between the candidate momentum and the flight line) © 12235 . (only id. pions for p, < 2 GeVi/c) _
— Distance primary-secondary vertices jg%: S e 52e tans E

. . . . o 20 T o oe ]

» Signal extracted from fits to invariant mass distributions 0Lt S

p, (GeV/c)
» Correction for beauty feed-down to extract results for prompt D mesons based )

on FONLL arxiv:1205.6344 o
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http://arXiv.org/abs/arXiv:1205.6344

D mesons In the 0-7.5%

centrality class
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> Centrality class: 0-7.5%
> Minimum Bias + central
trigger based on VZERO

- p, ranges explored:

« D° - [1,24] GeVic
« D', D"~ [3,36] GeVlc
- D" - [4,12] GeVIc

~16x10° events
analyzed from 2011
Pb-Pb data sample



Nuclear modification

,j:-]
INEN
factor R vs p -
AA T
pp reference determined by scaling the cross section
dNAA /de measured with ALICE at 7 TeV to 2.76 TeV using

D
RAA (pT) = T dO'D /d FONLL predictions
< AA > x pp pT arXiv:1107.3243, JHEP07(2012)191, arXiv:1205.4007

D 2_I T 1T T TT T T | T T 17T | T T 17T | T T TT | | | T TT |_ [ ] DO’ D+’ D*+ RAA Compatible Within errors in the
= L 0 -
2 1.8 D - whole p_range
o - .D* ly|<0.5 ALICE ]
o 1.6— epD" PRELIMINARY ]
S [ +D; 0-7.5% centrality 1 e« Large suppression by a factor of 4-5 in
o tac Pb-Pb, | 5 = 2.76 TeV 0 p* D™
- | Sn = = . 5<p.<15 GeV/c for D", D", D
1.2 :_ Filled markers : pp rescaled reference _:
- Open markers: pp pT-extrapoIated reference . N .
L -« Firstmeasurement of D " R, in Pb-Pb
B i B . . . .
0.8 - collisions with 2011 Run — suppression by a
06E E factor of 3-5 in 8<p_<12 GeV/c
0.4t <« more statistics needed to conclude on the
0.2 izﬂz M - enhancement of low-p_ DS+, expected in case
0_1 coa o b v b b b bv o b 0T Of Charm hadr0n|zat|on V|a Coalescence
0 5 10 15 20 25 30

40 (Kuznetsova & Rafelski, EPJ C51(2007)113; He et al., arXiv:1204.4442; 8
) Andronic et al., arXiv:0708.1488)
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Nuclear modification

factor R vs p
AA T

D
dNAA /de RAA = 1 no nuclear effects
R # 1 initial and final nuclear effects
TAA> xdo, |dp, R

RfA (pr) =
(

D 2_I T 1T T TT T T | T T 17T | T T 17T | T T TT | | | T TT |_ [ ] DO’ D+’ D*+ RAA Compatible Within errors in the
= L 0 -
2 1.8 D - whole p_range
o - .D* ly|<0.5 ALICE ]
o 1.6— epD" PRELIMINARY ]
S [ +D; 0-7.5% centrality 1 e« Large suppression by a factor of 4-5 in
o t.4c Pb-Pb, | 5 = 2.76 TeV 0 p* D™
- | Sn = = . 5<p.<15 GeV/c for D", D", D
1.2 :_ Filled markers : pp rescaled reference _:
- Open markers: pp pT-extrapoIated reference . N .
L -« Firstmeasurement of D " R, in Pb-Pb
B i B . . . .
0.8 - collisions with 2011 Run — suppression by a
06E E factor of 3-5 in 8<p_<12 GeV/c
0.4t <« more statistics needed to conclude on the
0.2 izﬂz M - enhancement of low-p_ DS+, expected in case
0_1 coa o b v b b b bv o b 0T Of Charm hadr0n|zat|on V|a Coalescence
0 5 10 15 20 25 30

40 (Kuznetsova & Rafelski, EPJ C51(2007)113; He et al., arXiv:1204.4442; 9
) Andronic et al., arXiv:0708.1488)
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D mesons vs centrality

RS L S BN = n - .
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Nuclear modification

factor R, vs centrality
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Suppression of D°, D*, D™ mesons increases with centrality in 5<p_<8 and 8<p_<16 GeV/c
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Comparison to non-prompt J/\W¥

from B mesons -
5<p.<8 GeV/c 8<p.<16 GeVic
§1.4_IIII ||||||||||||||||||||||||||||||||||_ §1.4_IIII ||||||||||||||||.||-||||||||||||||||
o B m ALICE Preliminary D mesons | am B m ALICE Preliminary D mesons
L 5<p_<8 GeV/c, |y|<0.5 - n 8<p_<16 GeV/c, |y|<0.5
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- p, ranges chosen to have similar kinematics for D and B mesons measured via non-prompt J/jy by CMS
(arxiv:1201.5069)

- Difference between charm and beauty suppression in central collisions shown both in 5<p_<8 and 8<p_<16

GeV/c
- Indication of R, ®> RAAD as expected from the mass hierarchy in the energy loss models 12
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A e - 0.8/~ =
0.8~ = 0.6/ -
0.6F — . I-l i
. 0.4 u Iil —
0.4 — B - A ]
B @ - [ |
. . el £l ]
0.2 - 0.2_ o @ ]
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« Similar suppression for D mesons and pions

R, °=R " forp_ >3 GeVic

- R >R " expected from mass hierarchy and colour-charge dependence of energy loss but... 13
large systematic uncertainties to make a conclusion



Comparison to energy-loss

models e O

Open markers: pp pT-extrapoIated reference

Several theoretical models based on in-medium

[ 2 [ LB B L L L B AL AL B AL B AL R
B — Average D°.D*,D™* 3
CEL 1.8— 9 ] —————— NLO(MNR) with EPS09 shad.
o 1.6 = lyl<0-5 pRetEmINERY ——— Rad-+dissoc (0-20%)
Q:( e Pb-Pb,\ s\,=2.76 TeV I WHDG rad+coll
CE< 1.4— 0-7.5% centrality — — i POWLANG (Beraudo et al.)

\ & - BAMPS

1.2¢F P = I T BDMPS-ASW rad §—25
Bl — = = = = Rapp et al.
[Er Filled markers: pp rescaled reference _] e — Djordjevic
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ob T o 7 == 3 reasonably well
O 5 10 15 20 25 30 35 40
o (GeV/c)
§1.4_IIIIIIIIIIIIIIIIIIII-|'I|III||I||I|III|_ . .
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R ool eed M
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. 6.5<p. <30 GeVie, Iy|<1 2 { and with non-prompt JJy R. vs N
Y CMS-PAS-HIN-12:014 _ AA part
= — - — BAMPS, D
L s BAMPS, B — J/ =
o8l —_ - wngg g ) v 1 BAMPS: Fochler et al., J. Phys. G38 (2011) 124152
R 51 e ﬂ . —_ = x!tev ra1d+dgss,:'3|:; | BDMPS: Armesto et al. PRD71 (2005) 054027
S || H L Vievradediss B2V 4 pOWLANG: Alberico et al., Eur.Phys.J C71 (2011) 1666
C o~ 55, LU T E E --------------- 1 UrQMD:T. Lang et al, arXiv:1211.6912 [hep-ph];T. Lang et al., arXiv:1212.0696 [hep-ph].
0.4~ $Iﬂ |l 1 TAMU: Rapp, He et al., Phys. Rev. C 86 (2012) 014903
B \\ ~ = —=re— e 1  WHDG: Horowitz et al., JPhys G38 (2011) 124114
0.2~ - e | S =] — Aichelin et al.:Phys. Rev. C79 (2009) 044906, J. Phys. G37(2010) 094019 14
C Pb'Fl’b’ \SNlN = 2'7|6 Tevl | | T 7 Djordjevic et al.: arXiv:1307.4098
% ""50 100 150 200 250 300 350 400 Vitevetal.: Phys. Rev. C80 (2009) 054902, Phys. Lett. B 713 (2012) 224

< Npan weighted with Nco">



D-meson R
pPPb

* p-Pb collisions — assess cold nuclear

2.4 T T T T T T T T T T T T T T T T T T T T
Q =%k ] ' | 1 matter effects
Q 22— ¢AverageD,D',D" %}% — P : ) )
= E _QCD NLO (MNR) + EPS09 shad. . - Initial state effec_t§ (p_resent also in Pb-Pb):
© 2 _.cae (Fuji-Watanabe) ALICE 3 nuclear modification of PDFs
< s ab PRELIMINARY E (shadowing/saturation at low x),
g 18 P-Pb, \ s\ =5.02 TeV - k_-broadening
0T 46 -0.96<y__ <0.04 =
1.4 - « The measured D meson Rppb is close to
1.2 = unity for p_>3 GeV/c

1 === s — — — - Small nuclear modification in p-Pb
- Compatible with expectations from

0'8;_ - _; pQCD+EPS09 shadowing and from

0.6 - saturation with the Color Glass Condensate

0.4? E approach

0.21- —| + Confirms that the suppression observed
o) T IS R I E IS R R in central Pb-Pb collisions at high p_is an
0 5 10 15 20 25 .7

p_ (GeV/c) effect of the hot and dense medium

FONLL+EPSO09: JHEP 0904.065,2009 15
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Conclusions

D-meson R, vs p_in central (0-7.5%) Pb-Pb collisions:
- strong suppression by a factor of 4-5 in 5<p_<16 GeV/c
« First measurement of DS+ R, suppression by a factor of 3-5 in 8<p_<12 GeV/c

D-meson R, vs centrality Pb-Pb collisions:
« suppression increases with NIoart for 5-8, 8-16 GeV/c p_ranges

» observed difference in suppression of D mesons and non-prompt J/)
from B mesons decays measured by CMS at intermediate/high p_ in central collisions

For the D-meson Rppb measurementin p-Pb collisions data are consistent with small initial-state
effects, in particular with pQCD + shadowing

: 1

A suppression in the D meson production yield has been observed in central Pb-Pb
collisions due to the presence of the hot and dense medium

More statistics is needed to reduce the uncertainties and provide further constraints to
energy-loss models.
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B feed-down subtraction

DT DT
fp?"ompt =1 — (Nfeed—down,raw/Nraw) —

:1—<TAA>-< s )FONLL feed—down  (ACC X €)feed—down - AYAPr - BR - News

'R .
dydpr feed—down A N"gj”/z

Assumptions on B suppression:

- analysison R, vs p_in 0-7.5% centrality class
feed-down _— Prompt D feed-down ; Prompt D
R.. =R, and R, ranging from 0.3t0 3x R

- analysis on R vs centrality:

R feed-down — 2 X R Prompt D and R feed-down ranging from 1 to 3 X R Prompt D
AA AA AA AA

Systematic uncertainties from B energy loss ~6-10%
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Acceptance x efficiences
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Systematic uncertainties

Systematic errors

S e s L

£ D* —s Kot Pb-Pb, \ s,=2.76 TeV Total (excl. norm.) ._z 0.6 — PbDle \Syy = 2k7*i'TeV Total (excl. norm.)
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= @© PERF AN

o [T 7] Tracking efficiency 2 24/07/2012 [[[[7] Tracking efficiency

[ ] Branching ratio
—— Yield extraction
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-~ PID efficiency
— MC P, shape

0.4

-0.4 ALICE
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pp reference
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