Quarkonia and open heavy flavour production

in pp, pPb and Pb-Pb collisions with ALICE

Seminaire du

Laboratoire de
Physique
Corpusculaire

17/01/2014



Content

Physics motivation

The ALICE experiment

Open heavy flavours

Quarkonia

Upgrades

Conclusions

The ALICE collaboration

17/01/2014 Lizardo Valencia Palomo 2




PHYSICS MOTIVATION



Open heavy flavours in heavy-ion collisions

= Ultrarelativistic heavy-ion (Hl) collisions 2 high energy densities.

= Quark Gluon Plasma (QGP): deconfined state of quarks and gluons.
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Open heavy flavours in heavy-ion collisions

= Ultrarelativisticheavy-ion (HI) collisions = high energy densities. Toep Very small
direct observation
= Quark Gluon Plasma (QGP): deconfined state of quarks and gluons. not possible!
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Open heavy flavours in heavy-ion collisions

= Ultrarelativistic heavy-ion (HI) collisions = high energy densities. Toep Very small
direct observation
= Quark Gluon Plasma (QGP): deconfined state of quarks and gluons. not possible!

Heavy flavours (HF) experience the Light quarks:

whole evolution of the system. m~ 0, Cg =4/3
Energy loss
Can be used to understand the in-
medium partonic energy loss in the Gluons:
QCD matter created in heavy-ion m=0,Cy=3

collisions.

QCD & gluon radiation suppression
(dead cone effect):

AE, > AE, > AEy

m) R-, <R° <RZ

NPA 783 (2007) 493, PLB519(2001) 199,
PRD 71 (2005) 054027 Q

Larger energy loss

c:m~15GeV,C=4/3

b: m~5GeV, C;=4/3
dead cone effect

=» Smaller energy loss
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Quarkonia in heavy-ion collisions

In 1980’s quarkonia is proposed as a probe of the QGP
(PLB 178 (1986) 416):

L Produced in the early stages of the collisions.
O Suppressed by the Debye screening.
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Quarkonia in heavy-ion collisions

= |n 1980’s quarkonia is proposed as a probe of the QGP N

(PLB 178 (1986) 416): @
/

L Produced in the early stages of the collisions.
O Suppressed by the Debye screening.

= Suppression depends on the binding energy of
guarkonia states (PRD 64 (2001) 094015):

O Excited states melt down at different
temperatures =» sequential suppression.
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L Produced in the early stages of the collisions.
O Suppressed by the Debye screening.
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Quarkonia in heavy-ion collisions

= |n 1980’s quarkonia is proposed as a probe of the QGP m
(PLB 178 (1986) 416):

L Produced in the early stages of the collisions.
O Suppressed by the Debye screening.

= Suppression depends on the binding energy of
guarkonia states (PRD 64 (2001) 094015):

O Excited states melt down at different
temperatures =2 sequential suppression.

T=1.1T,
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Quarkonia in heavy-ion collisions

= |n 1980’s quarkonia is proposed as a probe of the QGP m
(PLB 178 (1986) 416):

L Produced in the early stages of the collisions.
O Suppressed by the Debye screening.

= Suppression depends on the binding energy of
guarkonia states (PRD 64 (2001) 094015):

O Excited states melt down at different
temperatures = sequential suppression.
O Quarkonia family as a thermometer of the QGP!

T=2.1T,
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Quarkonia in heavy=-ion collisions

= |n 1980’s quarkonia is proposed as a probe of the QGP

(PLB 178 (1986) 416): o Q GQ

° sasfhey
L Produced in the early stages of the collisions. §
O Suppressed by the Debye screening. Y g
T
= Suppression depends on the binding energy of &M G
guarkonia states (PRD 64 (2001) 094015):
O Excited states melt down at different
temperatures = sequential suppression.
O Quarkonia family as a thermometer of the QGP!
= Charmoniaproduction at the LHC: e
b P ‘;’ 0\:01\ ‘ iﬂ}@) %%Qo w(
g S o‘ o\
O N_z/central collision = 120. 5 & %509 N @0 gD 800
=>» new source of J/{ production from ®Pe0
recombination of cC pairs? Nature 448 (2007) 302
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HF in proton-proton and proton-nucleus collisions

= proton-proton (pp) collisions:

n __ U°N,./dp.dy
: AA 2
QO Test pQCD caIcuIatlor)s. <Nco”> d Npp/dedU
O Reference for HI studies.
>
| -
Il|v|.,'| .Ii $ b
_T""U' |
Spectators
Participants
impact parameter
A Nyt =2 Negy=1
W 00 Nyt =5 Ny =6
Pb-Pb cent. N,,,=360 N, = 1500
p-Pbcent. N,;=16 N =15
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HF in proton-proton and proton-nucleus collisions

= proton-proton (pp) collisions:

d*N,, /dp;dz
O Test pQCD calculations Raa = N d°N_/dp.d
P . < CO||> pp pT i
O Reference for HI studies.
= proton-nucleus(pA) collisions: "
ads l
L Disentangle hot and Cold Nuclear Matter (CNM) “ ,Pr|
effects, intermidiate step between A-A and pp hi.'
collisions.
 Even if the QGP is not created, particle production Spectators
can be affected by initial/final state effects: Participants
o Shadowing (JP G32 (2006) R367): gluon PDF impact parameter
of nucleons embedded in nucleus # gluon o
PDF of free nucleons. v Noat =2 Negy =1
o Comovers (PRL 77 (1996) 1703): dissocation MY ASA N =5 N_=6
vV Www part coll
by other particles produced during the
collision. Pb-Pb cent. N,,;=360 N,=1500

p-Pbcent. N,;=16 N =15

coll
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THE ALICE EXPERIMENT



The ALICE experiment

ACORDE MUON SOLENOID TRACKING MUON
ABSORBER L3 MAGNET CHAMBER FILTER
EMCAL
TRD
| HMPID | e TRIGGER
| PMD VO | CHAMBERS
ZDC
~116mé&om LP.
\ ~1Mém&omIP.

[ TOF | [ PHOS || TPC || ITS | |DIPOLE MAGNET |
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The ALICE experiment

ACORDE MUON SOLENOID TRACKING MUON
ABSORBER L3 MAGNET CHAMBER FILTER

TRD

_HMPID il [TRIGGER

m 0O side CHAMBERS
e 5, Central Barrel
~118méom LP.

~11é mfom LP.

L2 —— C side
Open heavyflaujr: L S
‘Hadronic decays
Semileptonicdecays

[ TOF | [ pPHOS | L._TPC R _ITS |

PID Vertex
Tracking

| DIPOLE MAGNET |
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The ALICE experiment

MUON SOLENOID TRACKING MUON
ABSORBER L3 MAGNET CHAMBER FILTER
TRD
L BMED | il [TRIGGER
| PMD VO | L 0 side CHAMBERS
J N
Z0c 7y §entra| Barre
~116m ! [N
_ — < .
.L - ly| 09
~ 7 - }
\ O\u arkonia:
A side e*te” chann
Ry e @ ‘ ~116 m fom P
& —— C side
z 7 -Open heavy flavour: L e

‘Hadronic decays
Semileptonicdecays

[ DIPOLE MAGNET |
PID PID Vertex
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The ALICE experiment

ACORDE MUON SOLENOID TRACKING MUON
ABSORBER L3 MAGNET CHAMBER FILTER

PID
PID

EMCAL

[ HMPID | 7
| TRIGGER
| PMD VO | > 0 side CHAMBERS
AN
e 5, §entra| Barre
~116m I { S "\A
-L ,, [yl <0.9
k 78 7 ’
" Quarkonia:
A side e*e” chann
\ . - v - ‘ ~116 m from LP. —
-Open heavy flavour: L S

‘Hadronic decays
Semileptonic decays

PHOS

PID PID Vertex
Tracking
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The ALICE experiment

ACORDE

SOLENOID TRACKING MUON
L3 MAGNET CHAMBER FILTER

\ i i TRIGGER
TPMDVO — CHAMBERS
Muon AS,pectrohw{ter , :

40<y<25 it
Quarkonia: . M
u* - channel v

C side
™

Open heéavy ﬂa_vo%:" -
Semileptonicdecays

[ TOF |[ PHOS || TPC | [ I1ITS |

DIPOLE MAGNET
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The ALICE experiment

ACORDE

SOLENOID TRACKING MUON
L3 MAGNET CHAMBER FILTER

;

\ > / TRIGGER
\t CHAMBERS

Muon ZS‘pec:tromier\
4.0<y< -2\%_

Quarkonia:
Ut - channel

ZDC

~11é mfom LP.

C side
™

Open heavy flavo%': -
Semileptonic decays
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DIPOLE MAGNET
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OPEN HEAVY FLAVOURS



Counts/0.8 MeV/c?

ALICE performance

— 300 e
E [ ]
. . . r . =7TeV
Precise tracking and vertexing. 2 - PPAS =7 TeV -
c C . ata ]
Open heav \ flavours ) . . . ] - s © Sim., residual misalignment -
Good particle identification. 2 ook ;
S T :
£ - = - € 150 -
S % ] e < 8 ]
8 1 F 100 ; .
; ] - aa .
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D mesons in pp
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D mesons in pp

Prompt D mesons do/pr
distributions at 7 and 2.76
TeV are described within
uncertainties by pQCD JHEP
calculations (FONLL & GM- AARRRARR R SR

VFNS).

T
ALICE
pPis=276TeV,L =1.1nb B

D* meson % D™ meson ]

© F .
~ F
e [ s =4
T ==
107 Bronu

F DOoemvrns

- + 1.9% lumi, £ 1.3% BR norm. unc. (not shown)

1207 (2012) 191
rrrprTrTrrrrr T T T T TTETT

D" meson

+1.9% lumi, + 1.5% BR norm. unc. (not shown)

Data / Theory

2 4 6 8 10 12

P, (GeV/c)

P, (GeV/c) P, (GeV/ic)
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D mesons in pp

Prompt D mesons do/pr
distributions at 7 and 2.76

. . . —_— TTT || T T T TTT || T T T T T TTT T T T 1T T]l

TeV are described within 8 e ot nme o
uncertainties by pQCD \-I/g 10 = E Q#ﬁie:;iﬂﬁgw (total unc.) . '&’ =
calculations (FONLL & GM- O ey s o) - $ -
VFNS). [ * S ]

[] HERA-B (pA) R .-
103 M Essmew e Pt —
. = Y/ E743 (pA) 2 ’ Pt ]
Measured cross-sections EY e ‘IL‘ :
B O E769 (pA) 7]

extrapolated to  full
phase space using 10°E
FONLL scaling factors.

NLO (MNR)

T TTTTTT

. L XY}
ALICE results in good A
agreement with other 10 102 10° 10*
LHC experiments JHEP 1207 (2012) 191 \s (GeV)

1 1 Illlll[ 1 1 lllllll

All data points lie in the upper band of the NLO MNR predictions.
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e, /< HF in pp

— 10" T T T T T T g —
=) s = e ni Q -
) \s =7 T VILdt 26nb’ T_rbi:_*rc(:u;/jeln)?zTIRIELE%F ] 9o C - AL
% backgroun\:! cocktail 7 % 105 _'_ v pp S 7 Tev’ PYTHIA Perugla 0
‘E‘ 0% "%  eaaigo conv.ofy o E
s | — -y n O] = s . e all
g 10 i mm ® 3 o) O " Iae B« beauty
g s ——0 - Jre . A
% 10 % i o direct vy~ é % 104 ;E 9] ‘ : . 4 u<_ Charm
100 s K g = - LI "yt . t decaydu
107 N 8 103! o v I’y : o O secondary u
ook ] O E & : I o O hadrons
S — - ~ [0 o © " : a® & faketracks
we o w7 R e N 5 A Ao
- Sy e oo eltiife,
0TE PR prd = v A
o bt : : x : e o = AaB o v i .
g S%— E cocktail systematic uncertainty _; ~ O O ¥ v = ] »
2 E @ inclusive electron systematic uncertainty E
g, ;; M total systematic uncertainty :E 10 ? 4 o O O v v ! ! ; :
S sE . - 0g v Iy
e oo - 8 6 Ty
H Z%: E 1 TR SRS R Sty = | BRI RTINS 1
i S e——. B 0 2 4 6 8 10 12
B 1 z 3 2 5 s 7 8
PRD 86 (2012) 112007 P, (GeVic) PLB 708 (2012) 265 pt (GGV/C)

Measured the inclusive spectrum of e «— HF and p <+ HF.
Background subtracted with simulations: inclusive — background = [ <+ HF.
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e, /< HF in pp

c; E § E T T T . T lE
=R PP, 1s = 7 TeV > > 4P g_\ALlCE pp 18=2.76 TeV, u*«HF in 2.5<y<4 .
% 2 o FN —— data ]
£ 10° E g g 1076 [ ] n*HF, FONLL 3
g 0 { g g | — —- u*echarm, FONLL
s = —10°F === nFebeauty, FONLL
% 107 13 5
g, 3 w10°E
% 10 E 8 :FL E
2L B L
O e ALICEc,b—e E 8 10°
10°® ;, —#—- ATLASc,b —» e 5 L o "a'i' 3
[ — FONLLc,b — e, |y| <0.5 ST 10 E "‘\\‘,_
10°F __ FONLLGc, b — e, |y| < 2 excl. 1.37 < |y| < 1.52 % F -1 -}‘S:-:..
, E ) | :|' 12k L=19nb =
= 45 E b F 1.9% normalization uncertainty not included
2 2 {1 Q@ 2 i ]
E 3.5F —: _L|: ; . I 1 1 I |
g o 1 8 15 S 2 23 3
5E E = I Sl A SR s = ats i 3 !
A3 L 1 ° = s O 15 B B
o i PIRAPSCEL RO = 0.55 2 51E ==
0.5 prmm e i E E o Y | | | | |-
Frommmmm . PR [P B L1 | M| kol
a0 1 2 3 4 5678910 20 30 00 2 4 6 8 10 G VI12 GO 2 4 6 8 10
PRD 86 (2012) 112007  »®¥ PLB 708 (2012) 265 P, (GeVic) PRL 109 (2012) 112301 P, (GeVic)

Measured the inclusive spectrum of e «— HF and p <+ HF.
Background subtracted with simulations: inclusive — background = [ <+ HF.

ALICE complements ATLAS results in the low-p; regime.

FONLL provides a good description of the results. e — HF

Differential cross-sections well described by FONLL.

Beauty contribution is dominant at high-p. B HF
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e, /< HF in pp

PLB 721 (2013} ] —
= [+ - — g L — \H -LV} X _.9 - N . § E T T T . T lE
T 100k —— TeV,det —oony! > 100 2\ ALICE pp {5=7 TeV, u*«HF in 2.5<y<4 > 10° g_\/-\LICE pp 18=2.76 TeV, u*«HF in 2.5<y<4 3
3 . E O \ O QA —— data ]
2 ¢ AT B AT RN\ Q407N [ weHF, FONLL ]
= 10° L —FONLLb () »e ] a” 8 f. — —- utecharm, FONLL
g 10 — FONLLc — e E ° [T RN -

g 10° e 10° ‘;JO FEERN _ -=mm- utebeauty, FONLL
© E TBEfey l ] [ <
® @ 0 ThEel. S L 10°F
a 10k & 10 :f 3
N = o
= b 10%E
10 810
% ) E 103§—
E F
5 <4 s i L,=19 nb” =
a b “E F 1.9% normalization uncertainty not included
e 2 i ]
® E o 25 3
g g 15¢ Z 3 3
= E
: SR 015 e B
8 : 0.5E 3 0.5E E
B B B S S R S R S R e - R % 2 g 6 810
b, (GeV/c) PLB 708 (2012) 265 P, (GeVic) PRL 109 (2012) 112301 P, (GeVr)

Measured the inclusive spectrum of e «— HF and p <+ HF.
Background subtracted with simulations: inclusive — background = [ <+ HF.

ALICE complements ATLAS results in the low-p; regime. e  HF
FONLL provides a good description of the results.

Differential cross-sections well described by FONLL.  HF
Beauty contribution is dominant at high-p;. L
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D mesons in pPb

&) 2'42 I | o 2.4_ LA [ I L B B B B (=) 2.4_ LINLI N I B B N N B B N B
‘G 2.o[ 4D"meson, -0.96<y _ <0.04 = i C . a1 — C . 3
g 22 ol oy e % B Q. 2. 2[ #D" meson,-0.96<y_ <0.04 % - Q 2o D" meson, -0.96<y_ <0.04 % 3
o o - yst . ; £ r [Jtotal syst. uncertainties 3 £ C [Jtotal syst. uncertainties 7
= [ —pp reference syst. uncertainties ALICE ] O of o . ﬁ (ST — - J
o - PRELIMINARY q = £~ Cpp reference syst. uncertainties 3 = £ Zpp reference syst. uncertainties .
£1 .8} p-Pb, | 8, = 5.02 TeV —: D‘; C PRELIMINARY ! % = PRELIMINARY E
o= b AL 3 181 p-Pb, | 5y = 5.02 TeV £1.8 p-Pb, |5y =5.02TeV -
1.6 EREET = E 16 =
T4 E 1.4 = 1.4 =
12e E 125 = 120 =
ok T B I S R T [
0.8? - E 0.8F - 0.8F H =
0.6:— 3 0.6 — 0.6 =
4 - r ] C 3
0 . R 0.4 = 0.4— -
0.2~ — F ] r ]
F ] 0.2~ — 0.2 =
07 1 1 L1 J | — 1 { L1 11 ‘ 1 I — I 1 L 1 1 | ~ - = -
0 20 5 0' coeooc b e e b by by 1 A G_ oo b e b by e ey

p. (GeV/c) 0 5 10 15 20 25 0 5 10 15 20 25

T P, (GeVlic) P, (GeV/c)

Similar R pp, for D mesons: all measurements compatible (within uncertainties) with unity.
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D mesons in pPb

d°s / dp_dy (ub GeV'c)
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10
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[ from Data
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| IIHII‘

05 0 '

y
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‘ T T T ‘ T T T T ‘ T T T T | T T
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D" meson

T T TTTTIT

ALICE

PRELIMINRRY

Lo

r —t ]
F — e E
L —E=- ]
L Systematic uncert. 4
[ from Data
£~ [ from B feed-down subtr. 3
E  Normalization (+ 3.4%) and BR syst. unc. not shown 7
L p «—Pb |
[ P e e e by |
-1.5 -1 -0.5 0 0.5
ycms

d?c / dp_dy (ub GeV'c)

102

10

I LI [T 7 L
—e— 2<p_<5 GeV/c

—_— 5<p1<8 GeV/c
—_— 8<p_r<1 6 GeV/c ALICE

D** meson
p-Pb, \s,,=5.02 TeV

Systematic uncert.

[ from Data
[ from B feed-down subtr.

Normalization (+ 3.4%) and BR syst. unc. not shown
p—>» <«—FPb

PRELIMINARY

! lILIHII 1 JIJHHJ Il JJHHI{ | R

Il IIHJJ\

-1.5 -0.5 0]

0.5

ycms

Similar R pp, for D mesons: all measurements compatible (within uncertainties) with unity.

d?0/dydp;: no rapidity dependence observed in -1.2 < y < 0.3 for all D mesons in three
different p; bins.
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D mesons in pPb
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Similar R pp, for D mesons: all measurements compatible (within uncertainties) with unity.

d?0/dydp;: no rapidity dependence observed in -1.2 < y < 0.3 for all D mesons in three
different p; bins.

Transverse momentum and rapidity trends in agreement with pQCD + EPS09 shadowing
calculations. CGC model also reproduces the p; dependence.
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e — HF in pPb
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Analysis performed with two different PID techniquesdependingon the p-.
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e — HF in pPb
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& 2
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Analysis performed with two different PID techniquesdependingon the p-.

Ropp is compatible with unity. Similar results obtained by the PHENIX experiment at lower
energy (200 GeV).

FONLL calculation for heavy flavour production with EPS09 shadowing parametrisation can
reproduce the data.
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D mesons in Pb-Pb
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g PRELIMINARY

APb-Pb, |5, =2.76 TeV
0-7.5% centrality, |ycms\<0.5

~=—

Filled markers : pp rescaled reference
HH ‘H> Open markers: PP P -extrapolated reference

\\l\l\l\l\‘\tlll\l

0.6 —
0.4 H _H_ -
o2 g ]
0 : Ll I 1111 I I { [ ‘ L1 ‘ L1l ‘ L1l | 111l :
0 10 15 20 25 30 35 40
P, (GeVlc)

Ran Vs centrality: similar suppression for D mesons with and important centrality

dependence.

Raa VS pr: same dependence for all D mesons. Strong suppression at 10 GeV/c (factor 5).

Raa VS Ropp: suppression observed in Pb-Pb collisions due to final state effects!

17/01/2014

Lizardo Valencia Palomo

15




D mesons in Pb-Pb
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- ALICE 1.2~ & CMS Preliminary Non-prompt Jiy ~ —]
1.6 S i 6.5<p <30 GeV/e, ly|<1.2 ]
- eAverage D°, D%, D" |y|<0.5, 0-7.5% __ - CMS-PAS-HIN-12-014
1.4F owith pp p_-extrapolated reference A ]
- = Charged particles, n|<0.8, 0-10% C — -~ WHDG,D
1.2~ , Charged pions, [n|<0.8, 0-10% ~— 0.8

\
2
I
Q
o
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0_6'_ S E ----- H .........................
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0.2 R [, 1
L Pb-Pb, \sy, = 2.76 TeV -
_L 111 \ 1111 J L1l I 1111 J L1l I 1111 l 1111 I 1111
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) { Npart weighted with M4

<=

Color charge dependence of energy loss: AE(g) > AE(c)? Comparison of Ry, for pionsand D
mesons not trivial (different fragmentation functions). R, and R%, in agreement within
uncertainties.

Quark mass dependence of energy loss: AE(c) > AE(b)? D mesons vs non-prompt J/:
indication of a larger suppression for charm than for beauty. Well reproduced by models
includingcollisional and radiative energy loss.
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e — HF in Pb-Pb
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Clear suppression observed for 3 < p; < 18 GeV/c for central collisions.

Hint for difference of the HF decay electron R,, measured in central and semiperipheral
collisions.
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e, /< HF in Pb-Pb
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2R : 2R :
F ALICE - L ALICE T
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0.2 E 0.2 .
O:II\‘\II‘\\Il\\III\\IIII‘III'I\IIIII- oo b b b by b b By a Py i
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PRL 109 (2012) 112301 pT(Gev/c) PRL 109 (2012) 112301 pT(GeV/c)

Clear suppression observed for 3 (4) < p; < 18 (10) GeV/c for central collisions.

Hint for difference of the HF decay electron R,, measured in central and semiperipheral
collisions.

Similar suppression in mid (electrons) and forward (muons) rapidity.
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L <— HF in Pb-Pb

é 1 .2_T LI I LN LN LN L N L LI LN L LB LB LB LA '_ < 2_\ L L L I
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1= e PDPD\Sy=2.76 TV 7 1 6; Centrality 0-10% < ierix NLO (MNR) with EPS09 shad. 1
- @ Average D°, D", D, 6<p_<12 GeV/c - o ° Vitev rad. + dissoc. B
i A HF muons, 2.5<y<4.0, GLpT<10 GeV/c| 1_4;— N\ BAMPS —;
0.8 B 12 0\ /e BDMPS-ASW rad 3
0 6: ] 1i'1§.,‘,;,ﬁ,_,,._‘,__-;;-,-;;;-,‘:;t;‘;:‘;;‘,‘;:r:‘:r;;-,-,;-;:,-g,—,_--,.,.,._A,.,,1r_,,,;‘,l,_,‘;,_,l,‘:{
~H | 0.8F -
0.4/ ] 06 E
T % ] 0.4f ' :
0.2 N 0.2F
B 7 O:\ 1 11 | 1111 I 1111 { 111 | I 11 11 { 1111 I -] | L1 1| I L1 1l J 1 11 I:
: common normalization uncertainty: 7% (peripheral) to 4% (central) : 0 1 2 3 4 5 6 7 8 9 1 O
O L1 1| I I - I 111 I 111 I - I - I 1111 I 1111 p (GeV/C)
0 50 100 150 200 250 300 350 400 T
y (N _
| part

Good agreement between R,, from D mesons (mid rapidity) and R,, from u<HF
(forward rapidity).

U&HF Rya: well described by models including only radiative energy loss but also
radiative plus dissociation energy loss.
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Elliptic flow (v,)

Non central A-A collisions: almond shaped overlap zone
/ determines a preferential direction in the particle emission.

By measuring this anisotropy it is possible to retrieve
information of the initial QGP state!

‘LV The observable we use is called elliptic flow (v,).
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v, > 0 at low p; indicates that heavy flavours inherit the azimutal anisotropy produced by
the collective expansion of the fireball.
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ALICE performance

— 200 E T ]
% o : @ : ALICE is unique at the LHC
g};‘gi E J/w measurements, both at mid and
100 E forward rapidity, are performed down
23 to pr = 0 GeV/c.
40
1 0wy LAECtron identification via the specific energy

loss (dE/dx) in the TPC.

S

=

N Muons are identified by PP =TTV

Q .. . ALICE Performance

2 requiring that they fire 2052011

3 the muon trigger N,,,= 15000 + 278

G,,= 85.6 1.0 MeV

system. S/B (30)= 2.5

e 05-1.23'Ls
—— MC (¥2/dof=1.2)

1 Very good performance

o 1 1 in J/y detection in a
25 WJr wan s large rapidity range!

PLB 718 (2012) 295 Me (GeVic®)

Tz
.

I ——
M,, (GeV/c?)
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Inclusive )/ cross-sections in pp

Mid rapidity: ALICE complements 25 < y < 4.0: NRQCD
ATLAS and CMS results. Forward calculations  describe the
rapidity: good agreement with LHCb measured d?c/dydp; at 7 and
measurements. 2.76 TeV.
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1 0'2 — © CMS’ |y|<1 2 ' ) — - (M. Butenschoen et al., priv. comm.)
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J/y polarization & yield vs multiplicity in pp

- helicity
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Relative J/y production yield vs relative
charged particle multiplicity density:
observed an  approximately linear
increase in both rapidity regions.
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PRL 108(2012) 082001 p, (GeV/o)

o

No significant polarization
observed for pr < 8 GeV/c.

Hint of longitudinal polarization

J roduction accompanied by a
at low-pr in the helicity frame. /¥ P p y

strong hadronic activity (MPI).
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J/y polarization & yield vs multiplicity in pp
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strong hadronic activity (MPI).
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Prompt/non-prompt )/ in pp

o TpT T RN L=
0.9 ; e ALICE, \yM|<0.9 pp, \s=7 TeV _f
08 v ATLASly, |<075 =
07[ = CMS.ly, |<0.9 =
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o5t JHEP 11 (2012) 065 E
04 %- —f
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1 10 p, (GeV/c)

Contribution of non-prompt J/y
measured by ALICE ranges from
10% (at low- pr) up to 30% (pr =
10 GeV/c).

ALICE complements ATLAS and
CMS measurments by extending
the pr reach down to = 1 GeV/c.

3 | T T T T rrr ‘ T T T T T T 71T |
=1 L ALIGE extr. unc.
5102__ e ALICE,pp 1s=7TeV, |y|<0.9 -
\"_8 - CDFRunll,pp is=1.96TeV, |y|<0.6 .
_8 [ % UA1,pp 1s=0.63TeV, ly|<1.5 ]
I m PHENIX, pp 1s=0.2TeV, |y\<0 35 4
L — FONLL i
10 —

I\I\I!I‘

|

JHEP 11 (2012) 065
| 1 IIIII‘ 1 1 1 I\I\\I

10 10° 10°
\s (GeV)

B production cross-section at mid
rapidity from ALICE and lower energy
experiments are well described by
FONLL calculations.
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)/ in pPb

nl.6 m
[

|- [T -
oc 14 Z_ p-Pb |s,,= 5.02 TeV, inclusive J/y—p*y, 2.96 < |y__ | <3.53 T12 [ p-Pb |sy,= 5.02 TeV, inclusive J/y—p'w’, 0<p_<15 GeV/c

L arXiv:1308.6726

0.4

. [ >33 EPS09 NLO (Vogt)
. L~~~ EPS09LO (Ferreiro et al.)
EPS09 NLO (Vogt) ’
r = — + — nDSG LO (Fe oetal.
02 ------ ELoss, q,=0.075 GeV?/fm (Arleo et al.) L Eloss, qo=$).0'rlr5egevzlfm)(Arleo etal.)
. EPS09 NLO + Eloss, q,=0.055 GeV/im (Arleo et al.) [ ———— EPS09 NLO + Eloss, q,=0.055 GeV?/fm (Arleo et al.)
0 Il 1 1 | 1 Il 1 I 1 L 1 ‘ 1 1 1 ‘ 1 1 1 I L Il 1 I 1 1 L I 1 0 Il I 1 1 1 I 1 1 1 | 1 1 1 I 1 L 1 \ 1 1 1
0 2 4 6 8 10 12 14 2.8 3 3.2 34 3.6 3.8
P; (GeV/c) oms

Res(lycwmsl )=Rpr(|yCMS| )/RPbp (Iycmsl), in the overlapping |ycus| region.

Res Vs py: pure shadowing model tends to overestimate the data. Better
agreement with the model including shadowing and energy loss.

Res Vs y: no rapidity dependence. Shadowing + energy loss model has a
TN good description of the results.

2.03 <ycus < 3.53
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JIp, Y(29) and Y (1%) in pPb

o
£ [
o™ 1.4 [p-Pb |5,,=5.02 TeV, inclusive Jiy, w(28)1"W, 0<p, <15 GeVie

B EPS09 NLO (Vogt)
[ - - ELoss with q,=0.075 GeV?fm (Arleo et al.)

0.2 o Jiy
[ — EPS09 NLO + ELoss with _=0.055 GeV?/fm (Arleo etal) 4 W(25)
O'H‘\".‘|....|...‘|....|‘...|‘.‘.|....|‘.‘.mH
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J/U: pure shadowing reproduces backward component. At forward

shadowing scenario is favoured.
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p-Pb |5, = 5.02 TeV

+&

e Inclusive J/y—p, pT>0 (arXiv:1308.6726)

e Inclusive Y(1S)—-u'w, p>0 (preliminary)

Ill‘lllllllll!

o

ALICE

PRELIMINARY|

EPS09 at NLO (Vogt, arXiv:1301.3395 and priv.comm.)
zzzzz) T(18)
J
1 | Ll Ll | | | (i
4 3 -2 -1 0 1 2 4
y cms

rapidity a strong

P(2S): stronger suppression relative to J/{ not described by models = final state effect?

Other mechanism?

Y(1S): seems to be more suppressed than the prediction from EPS09 at NLO. However,
large error on data prevents a firm conclusion.
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J/y in Pb-Pb

T4r ALIGE Preliminary, Pb-Pb Y5y, = 2.76 TeV, L =70 b’

] % m Inclusive Jiy, 2.5<y<4, D<pT<8 GeV/c global sys.=+ 14%
1 2 = PHENIX (PRC 84 (2011) 054912), Au-Au iSNN =0.2TeV

H: ALICE O Inclusive J/y, 1.2<y<2.2, p>0 GeV/c global sys.=+ 9.2%
PRELIMINARY

RAA

1 ...............................................................................................................................................
0.8}
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No centralitydependence for N, > 70.

RAMICE ~ 3 x RIMENIX for the most central
collisions.
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J/y in Pb-Pb

1 4 + ALICE Preliminary, Pb-Pb\s,, =2.76 TeV, L=70 ub’
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No centrality dependence for N, > 70.

RAICE L 3¢ RIMENIX for the most central

collisions.

Data well reproduced by models containing a
(re)generation component.
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W in Pb-Pb
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collisions (0-20%).
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J/y in Pb-Pb

1.4
$ 1 4 + ALICE Preliminary, Pb-Pb\s,, =2.76 TeV, L=70 ub’ é
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According to the models: regeneration
at work in the low-p; regime!

Data well reproduced by models containing a

(re)generation component.
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J/y and Y (13) in Pb-Pb

03 I ® ALICE (Pb-Pb \(% =2.76 TeV), centrality 20%-60%, 2.5 <y < 4.0
: = Y. Liu et al., b thermalized
o Y. Liu et al., b not thermalized

0.2 [ — + X.Zhao et al, b thermalized

01 global syst = + 1.4%

oo by b by b by by I Ly i g
0 1 2 3 4 5 6 7 8 9 10

PRL111(2013) 162301 p, (GeVic)

J/Y v, # 0 at 3 GeV/c (2.7 o) and well
reproduced by models including a
regeneration component.
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J/y and Y (13) in Pb-Pb

0.3

0.2

I ® ALICE (Pb-Pb \(% =2.76 TeV), centrality 20%-60%, 2.5 <y < 4.0
: = Y. Liu et al., b thermalized

o Y. Liu et al., b not thermalized

| — - X. Zhao et al., b thermalized

01

global syst = £ 1.4%

oo by by by b by by I Ly i T

0

1 2 3 4 5 6 7 8 9

PRL111(2013) 162301 p, (GeVic)

J/Y v, # 0 at 3 GeV/c (2.7 o) and well
reproduced by models

including

regeneration component.

<14
& ¢ A ALICE:Pb-Pb\s,, =276 TeV,L =69 b
1.2 Inclusive Y (1S), 2.5<y<4, p_>0 GeVic
C ALICE
PRELIMINARY Uncorrelated syst. [ | Correlated syst.
1
0.8
0.6
0.4
_ A. Emerick et al., Eur. Phys. J. A48 (2012) 72
- and private communication
0.2 wm Nuclear absorption W Primordial
L =-=-=-. Regenerated s Total
BT L LAtk drfafutuliianfubiasiel mivisfalsl deiafululnks ifubndvists
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1 / Nparl
Clear Y(1S) suppression at forward
rapidity.
Model including CNM can reproduce the
data. Negligible contribution due to
regeneration.
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UPGRADES




Motivations

Run 1 (2009 - 2013): maximum read out in ALICE of 500 Hz.

Run Il (> 2018): LHC will reach an interactionrate of 50 kHz with Pb beams.

In this escenario ALICE will focus on low-p; observables:

O Not triggerable events (examine full statistics).
O Detectors will have to become faster. |

In this way ALICE will register 10 nb-! of Pb-Pb collisions.

For open heavy flavoursand quarkonia this implies:

O New Inner Tracking System.
1 High-rate upgrade for the Time Projection Chamber and Muon Spectrometer.

+ A new detector (Muon Foward Tracker) that will extend the scope of ALICE.
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Inner Tracking $ystem

CERN-LHCC-2012-013 L

A
Beam pipe A

PN

S
3
p’

700 krad/ 1x30 1 MoV n,,
Includes safety factor 10

Radial cover age
22 - 406 men

Get closer to IP (first layer): 39 mm to 22 mm.

Increase granularity (6 layers to 7 layers) and
reduce pixel size (from 50 x 425 um to 20 x 20

um).

Fast readout: pp at 1 MHz and Pb-Pb at 50
kHz.

300_4 B N0 b i i H H Poof 5oz ofoi:
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© I .
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9 I \
5 E \ ) :
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2 I
o
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=
/o)
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oG AR i £ L
0.05 01 0.2 1 2 3456 10 20

Transverse Momentum (GeV/c)

Improves the pointing resolution by x3
(r) and x5 (2).

Reduces the material budget (X/X, per
layer): from 1.14% to 0.3% for the inner
layers.
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TPC and Muon Spectrometer

TPC CERN-LHCC-2012-012

Current performance: 100 ps drift time implies
a maximum rate operation of 3.5 kHz.

Move from MWPC to a Gas Electron Multiplier
(GEM) detector.

GEM: intrinsic ion blocking and large rate
opration.

Muon Spectrometer

oo
‘r'/

3mm ;. '/' Drit Gap ‘
---7,;---------3
o -,
2mm R Transfer Gap T
--q;_ﬁ}-h--------g
2mm / i 0 X1} Transfer Gap LSC
, MY

- L LR L L LR L

,- ‘,..¢ Induction Gap

'~,‘ + ‘
/ Readout
Electronics

Drift
Cathode

GEM

GEM

GEM

Readout
PCB

Tracking: increase read out rate and keep dead-time below 10%. Trigger: present readout
time of 110 ps would imply, during Run lll, a dead-time > 30%.

Replace existing front end electronics in order to reduce the read-out time to approximately

20 ps/event.
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Muon Forward Tracker

5 (6) silicon pixel discs located in
front of the absorber.

MFT will improve the pointing
accurancy in the vertex region.

OHF: separate charm and beauty

MFT

Muon Spectrometer

contributions at the (di)muon MET Lol & Addendum
level.
. . %:ﬁ 6: +ITSupgradedRi);nomB’,RAD;;ly“:D's 105E All ! é e Prompt Jiy
J’: improve the S/B by x6 with =  [Clwrmonwgeser ™R 25000 | AT
oE [ e BAMPS; R, ™"/ R\,™""; 2.5<y<4; [PLB 717 (2012)] | 10% =
respect to the current * - f
performance. o 10° -
27 107 = ’ .\
J/U & B: prompt/displaced J/Y ik mM
separation for measuring B down N f o
to zero p P, (GeV/c) -4000 -2000 0 2000 4000
! by [um]
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CONCLUSIONS



Conclusions

In pp collisions:
1 Open HF results are well described by pQCD calculations.
O J/P measurements can be reproduced by NRQCD models.

In pPb collisions:
Q R,p, compatible with unity for D mesons and e <~ HF.
O Shadowing + energy loss calculation favoured by J/U Rg. Strong suppression in
B(2S) R,p, NOt reproduced by any model.

In Pb-Pb collisions:
L Observed suppression of D mesons is a final state effect.

U Evidence of J/Y production from (re)generation at low-p;.

The upgrades will enhance the physics results on quarkonia and open heavy flavours in
ALICE.

17/01/2014 Lizardo Valencia Palomo 35




Conclusions

In pp collisions:
1 Open HF results are well described by pQCD calculations.
O J/P measurements can be reproduced by NRQCD models.

In pPb collisions:
Q R,p, compatible with unity for D mesons and e <~ HF.
O Shadowing + energy loss calculation favoured by J/U Rg. Strong suppression in
B(2S) R,p, NOt reproduced by any model.

In Pb-Pb collisions:
L Observed suppression of D mesons is a final state effect.

U Evidence of J/Y production from (re)generation at low-p;.

The upgrades will enhance the physics results on quarkonia and open heavy flavours in
ALICE.

Je vous nemencie de votre attention

17/01/2014 Lizardo Valencia Palomo 35




BACKUP



ALICE performance

Displaced vertex topology.

Open h fl rs in Central Barrel
pe cavy Havours crital batre Particle Identification.

pointing angle BPM

-="7

Primary vertex

Precise tracking and
) Secondary vertex
vertexing needed!

Impact parameter

Em|'}il\'l parameters

= 30— ———  ALICE: excellent impact
3 Lo ppAs=7TeV 1 ) £ 700p , ]
= el E parameter resolution. B I ]
c 250+ « Data ] S 600 .
2 r s o Sim., residual misalignment - Q E 1
= = B % i PEeF%RIhﬁlECE -
2 200 ] i’ 500: 02/06/2011
o L . ] E 400:_ - Pb-Pb {5@:2.76@\( 3
£ 150 4+ PID 2 :
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. e ] E e i ‘rt
- : : b - and EMCAL. %07 04 02 0304 1 2 3 45
0 1 10 p (GeV/c)
JHEP 01 (2012) 128 P, (GeV/c)
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e—B @7TeV

Exploit large displacement of B decay
electrons = apply impact parameter cut!

Then, subtract remaining background
electrons with a cocktail.

Differential cross-sections well described by
FONLL.

Low-pr: e from HF predominantly from
charm hadrons.

High-p: beauty hadrons become dominant.
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Elliptic flow

The azimuthal momentum distribution is expanded in a Fourier series:

dN N
dep 27

1+ 211c08(0) + 29c0s(20) + ...,

with ¢ the azimuthal angle of the momentum and v, the Fourier coefficients of the n-th
harmonic. Due to the symmetry around the y-axis the sine terms vanish.
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Models

BAMPS: Partonic transport model with collisional and radiative energy loss PLB 717 (2012)
430.

Rapp et al. (aka TAMU): Transport model based on collisional processes arXiv:1208.0256.

POWLANG: Heavy quark transport approach based on a Langevin equation in an expanding
deconfined medium JPG 38 (2011) 124144.

Djordjevic et al: radiative energy loss in a finite size dynamical QCD medium
arXiv:1307.4098.

Vitev et al: radiative energy los plus D mesons in-medium formation and dissociation PLB
713 (2012) 224.
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Polarization

Inclusive J/y polarization measured using the angular distribution of daughter
muons in the quarkonium rest frame

W (cos @, ¢) ﬁ(ﬂ A, €OS® @+ A, 5in* 6.COS 29 + Ay, Sin 26 COS )
_|_

(2 ;

Ag=+1 —> transverse polarization

7\.9= 0 — no polarization

7\.9 =-1 — longitudinal polarization

quarkonium
rest

frame \

W(cos a:,

Two different definitions of z-axis considered
« Helicity: direction of the decaying particle in
the CM frame of the collision.
* Collins-Soper: bisector of the angle between
one beam and the opposite of the direction of
AT TR TR T T TR TR T A the other one, in the rest frame of the
-1 08 06 04 02 0 02 04 06 08 1 . .
coso decaying particle.
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Polarization

ALICE results compared to LO and NLO predictions from and
ALICE data Helicity frame * ALICE data Collins-Soper frame
-------- cs.10 s C8,LO None of the models
. cs, NLO 25<y<4 s s, NLO 25<y<4 .
===~ CSHCO,LO V5=7TeV ===~ £84CO, LO \5=7Tev can perfectly describe
——— CS+CO, NLO pp — Jhy + X ——— CS+CO, NLO pp — Jhy + X .
e S — the experimental
06 E 06 E. ;
3k L 8 results.
= B w Q| 2 S, T
< :8% 3 < :83 e S S TR T T TTTe
06 F 06 E
-08 = '08 3 L | 1 1 1 1
. 137 5 6 7 8 9 10
pr[GeV] .
8'% 3 gé - """"""""""": HOWEVCI', NRQCD 1S
04 E 04 Bars s e sos s .
o g 0f Py 1 | slightly favored.
iy 3 e 3
06 E ; 06 F
08 -....I....l....l....l....l....l....- 08 _....1....1....1....1....1....|....
137 5 6 7 8 9 10 137 5 6 7 8 9 10
(b) pr1GeV] (c) pr [GeV]
arXivl201.1872
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D mesons vs multiplicty

Contribution of Multi Parton Interactions at the LHC?
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PRELIMINARY
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Correlation between D mesons yield
and the total charged particle
multiplicity
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> 02F el
No evident p; dependence within £ o4k | | ‘ —
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Centrality

_ _ o _ S E ALICEPb-Pbat s, =276TeV | ]
The centrality of an event is classified in & & + bata é
. . . . +=10 — auber fit [ ]
percentiles of the hadronic cross section using & PusXIIN + OHING L] e
. T w N, _ _ _ g B ]
the charged particle multiplicity. 10 jif \;ffifg-a’k-‘-ﬁ g
et st s 1000
. . . . 10—5 I
The Anchor Point is defined as the amplitude
of the VZERO detector equivalent to 90% of 1wy B8 | & | & 3 2
. . ald| & | & & =
the hadroniccross section. w i BIF| 8| & T
00 10000 15000

'PRC 88 (2013) 044909  VZERO amplitude (a.u.)

The centrality classes correspond to percentiles of the hadronic cross section and are
computed via two methods:

1. Using the charged particle multiplicity measured by different detectors with different
rapidity coverages (VZERO, SPD and TPC).

2. Measuringthe nucleon spectators via the ZDC.
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