Charm production at LHC:

an overview
Giuseppe E Bruno ’Q
Universita di Bari and INFN - Italy

C

Outline:

The actual title of my talk is: "HF

production at LHC: an experimental
overview”

open heavy flavour / hidden heavy flavour
B a glance to pp, focus on Pb-Pb




LHC is the place to study HF

[0 Large production cross-sections

(now measured in pp)
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The LHC experiments

0 complementary capabilities:
B  high pt, high rate, jets: the realm of CMS and ATLAS
® low pt coverage, low material budget, excellent PID: ALICE
B LHCb is designed for HF studies, but has not a heavy ion program
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pp: the baseline

[0 good pp 'baseline’ is crucial ,_ LHC 2011 RUN (3.5 Tevjbeam)
== o P
B where & how much to trust QCD calculations (e e
B where & how much to trust detector & analysis 8 4| |rreummary
B comparison to AA 5

8 3

O At SPS (and initially also at RHIC) experiments <2
have suffered for low quality pp data ]

00 LHC: more pp at the correct energy OWar Tor Moy i g Sep 0%
B 'R,,' error has large contribution from pp statistics

B months of AA, only days of pp@2.76TeV
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p at 7 TeV: hidden HF

JHEP 2 011 (2012)

NPB 850 387 (2011)
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pp at 7 TeV: hidden HF

O Upsilon and y,

1arXiv: 1202.6579
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pat / TeV: open HF
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pp at / TeV: open HF
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pp at / TeV: open HF

open beauty, exclusive decays

CMS Preliminary,\Ns=7 TeV Spring 2012
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pp at / TeV: open HF

arX|v 1205 3452
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open beauty, new partlcles and decay channels
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pp at 7 TeV: new observables
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Theoretical description of HF production in
pp at LHC: executive summary

Open HF
B good agreement between pQCD based
calculations and data

0 main theoretical uncertainties from factorization
and renormalization scales

Quarkonia

B NRQCD with CSM and COM (including 3P;!8]
channels) does a good job in describing present
observables:

d2N/dydpt and polarization of J/v,
d°N/dydpt of ¢, Upsilon family and y,

[0 no firm conclusions on double charm production and
multiplicity dependence

ICFP 2012 Giuseppe E. Bruno 12



Theoretical description of HF
production in pp at LHC

e.g., beauty vs.

~ONLL

Expt Observable (pr in GeV) oP g FONLL Comments

1: LHCb [56] | o(Hp,2 <1 < 6) 753+ 11.4 ub | 70.8 7333 ub | average b+ b

2: LHCb [57] o(B pT < 40,2 <y < 4.5) A1.4+34pb | 401 T2 ub | f(b— B~) = 0.403

3: CMS [55] a(BO p2 > 5, [yP| <2.2) 33.2+43pub | 255 T1%° ub | f(b— B°) = 0.403

4: CMS [54] o(Bt, pB > 5, |yB| < 2.4) 28.1+44pub | 272 +11 Zub | f(b— B7) =0.403

5: CMS [58] o(BY, 8 <pB <50, |yB| < 2.4) 6.9 + 0.8 nb 4.5 +2 3 nb f(b— B% =0.11
xBR(B? — Jh) ¢) (111cludes BR BR(B? — Jh) ¢) =

uncertainty) (1.44+0.5) x 1073

6: LHCD [64] | o(Hp — JJ, pT < 14,2 <yy <45) | 1.14+0.16 ub | 1.16 +g-;';g pb | BR(b— Jip) = 0.0116

7: ALICE [66] | o(Hy — J),pp > 1.3, |yy| < 0.9) 1.264+0.16 ub | 1.33 7052 ub | BR(b — Jip) = 0.0116

8: CMS [73] o(Hy — 1, php > 6, |y < 2.1) 1.3240.34 b | 0.855 7035 ub | BR(b — ¢) = 0.0108

BR(b — ¢ — ¢) = 0.096
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Data / Scaled

Events / (0.1 GeV/c? )

the baseline: pp at 2.76 TeV
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Pb-Pb collisions

Questions:
®m How do c and b quarks loose energy ?
[0 naive picture: AE(g)<AE(c)<AE(b) ?
m do c and b thermalize ?

B sequential melting of quarkonia ?
O charmonium: is there a regeneration mechanism at work?

Observables:
m R,, of open Heavy Flavour
O Raa(D)/Raa() > 1: colour charge and mass effect ?
O Rpa(b)/Raa(c) > 1: mass effect ?
m R, of quarkonia
m \, of open/hidden HF

Additional question: pA measurement ?

ICFP 2012 Giuseppe E. Bruno
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Charm & beauty as probes

calculable in pQCD; calibration measurement from
pp

—rather solid ground

Clcaveat: modification of initial state from pp to AA
®m shadowing ~ 20 %
MW saturation?

COpA reference fundamental!

produced essentially in initial impact
—probes of high density phase

no extra production at hadronization
—probes of fragmentation
Ce.qg.: independent string fragmentation vs recombination

DIS 2009 Giuseppe E. Bruno 16



Quarkonium production in Pb-Pb collisions

0 J/y suppression & regeneration?
O . v suppression (J/¢y Ty ~ 1.5-2 T.)?

0w enhanced o
= o
100 | = regeneration ~, ~ “ - or o
& s, T g
0.75 . + 37 “a 1 -.l-I -I-.IIIJ = "
E # In-In, SPS
T = enhanced
® Au-Au, RHIC, y::|l.2,2.2] £ (GeV/fm3) . TLHC >> -J/IP TD
suppression
1 1 e | | | J
1 2 3 4 5 6 7
SPS m——my 30
RHIC >
LHC >
SPS RHIC LHC
O Y melts only at LHC S
D Y’ TD i J/lp TD 08
O Small Y regeneration Y(1S)
¢ Y’ can unravel ]/ vy suppression VS os
regeneration ”
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d

Rep Of HF leptons

210007 T
ATLAS Fraction of momentum lost in detector S g [§ e ]
/ compared to expectation Y AL SO

[ 0-10%

C Apy.. S Composite of two discriminants o0
= +F r=0.07 chosen for optimal separation 200"
P b
- S=Scattering significance R B e
il Measure of angular deflection ool
5= 15 Smulaton compared to expectation from 0T |
5F ; 5<p, <6GeV . . o 10<p, <14 GeV ]
ad 1 m<ios ; multiple scattering 60 T o10% ]
3 _11 = !"iATLAS Preliminary El . . . . i _[Ldt=7ub"
g | e : Identifies muons from decay in flight L S
L I S 20f 4
P Iy o P
c 0 02040608 1
C
o) 14— T % 1-2_' L I L L R B BN
Dé 1 of Ldt=7ub’ \?pr 3 E £ <108 1 \?f—,;Pf 2.76 Tevj
3 C ATLAS Preliminal Sy =276 TeV ] S r s
= b NV I e = 0 less suppressed
ool ﬁjﬁ E N than charged
. %.}% {‘5& E : hadrons
C 7 0.4
o+ scp,<scay i ooad |
F o 6<pl<7GeV ] 0.2 - R o Ldt=7pb" . —
0.2;— ::5130<<g£<<91(ieé/ev —; Ozj;.i‘ggg.;:.j.gagg?ﬁz‘ L IA||1"L{I§ IPlr'leIlimlin‘ar‘yl . D NO Slgnlflca nt pt
R TV R VR R R R ™ por ot e e ‘jT[GeV‘]“ dependence
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better: R,, of HF leptons

[0 Track selection

B Match track with segments in the trigger chambers — reject punch-through hadrons

B Distance of Closest Approach to primary cut rejects tracks from beam-gas interactions
O Background subtraction: =, K decays

B pp: using as input MC simulations

B PbPb: using ALICE data at mid rapidity

e arXiv.1205.6443
:(( ""FALICE Pb-Pb m=2.76 TeV,u*« HF in 2.5<y<4 + Centrality 40-80% 1
i ___cfe_’ltf"i"lty_o_'j 9_/‘:__"_ ______________________________________ [I§ é: ALICE Pb-Pb ﬁN;z.?e ToV, it HF in 2.5<y<4 1
L L 6<pl<10 GeVic 1
L . SN i
0.8 + m_ -
_m_-m_ 0.8r —
0.6f 1 ] : H
- - 0.6_— m
0.41 T ] - f ]
_H__H_‘m' H 0.4F g 3
0.2t + - I .
L + 02__ Filled: Correlated systematic uncertainties ]
- . . . . I- | . . . ; | Open: Uncorrelated systematic uncertainties
00 2 4 6 8 10 2 4 6 8 10 0"""1
b, (GeV/c) 0 50 100 150 200 250 300 350 400
t

part

Strong suppression in central collisions

No significant p, dependence

next talk by S. Lapointe
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more directly: exclusive meson
or semi-inclusive B channels

D mesons (A

_ICE)

arXiv:1203.2160

talk by S. Lapointe

O % S RN RN RS LN IR LS % LR R IS IS I R | 1 % AR RRRAS LALRE T T T 7
S 1000f-2<p,<3 GeV/c - S [ 6<p<8 GeV/c ] S I 12<p<16 GeV/c 1
T 2 he o e 1 TwE A :
~ D" Knr* ] s F ] s F ]
T 800 and charge conj.  — T 250 v 3 2 L ]
D+>K n | ] i '-
. J-CJ-E 2 r 2 o ] 2 E ]
= r B - - = + 4
& e hv 2°°; ] O af ]
[ Pb-Pb, {Syy = 2.76 TeV 150p- + * b
. ) * > D O “OF  Centrality: 0-20% ] E ] 20F-
J'c L ] 100 3 N
200 1 =1.863 £ 0.003 GeV/c? ] F 1 =1.868+ 0.002 GeV/c? ] of. 1 =1.862%0.005GeV/c? _+_ E
F 6 =0.017 £ 0.003 GeV/c? 1 50 6 =0.017 £ 0.003 GeV/c? ] [ ©=0.023+0.005 GeV/c? 1
L S (30) =538+ 84 i E S (30) =342+ 48 ] F S (30) =67+ 15 ]
o 1 1 1. 1 1. 1 G..1 1 1. 1 1. 1 h ok 1 1 1. 1 1. 1
1.75 1.8 1.85 1.9 1.95 2 1.75 1.8 1.85 1.9 1.95 2 1.75 1.8 1.85 1.9 1.95 2
Invariant Mass (Kn) (GeV/c?) Invariant Mass (Kn) (GeV/c?) Invariant Mass (Kn) (GeV/c?)
—_ FrooT ‘ TTTT [ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTT19 ’g L | T ‘ T | T ‘ L | T
X . — i 3 _— |
L 47 CMS PbPb \[s = 2.76 TeV - E 10°= CMS PbPb \[sy = 2.76 TeV E
a ro I I S G 35 Ly = 7.28u" 4 8 | Ly=728pb"  Cent.0-10%,ly| <24 1
S F Cent.0-10%, |yl <2.4 1 2 L 6.5 <p, <30 GeVic
S S0F 6.5<p, <30 GeVic =34 MeV/c? P ek o data |
> __F e dat ] S 0% %44 total fit E
0 25 , ata y - > C %% bkgd + non-prompt ]
S [ %% totalfit ] m C 422+ background ]
Q[ &% bkgd + non-prompt il = R
o 20f 4
W “PE" raas background B r b
15:, j 10 =
10 * - L ]
5 + + + * 4
+ n 1= 3
SN WO W PP T L e B T o e Bl A e
6 27 28 29 3 31 32 33 34 35 -1 0

m,, (GeV/c?)

n
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R,, Of open HF

next talk by S. Lapointe

2 : T 1T 1T ] TTT LI L [ L I LI | L LI
185 ALICE i
C 0-20% centrality ]

HC b — MUons 1.6% Pb-Pb,\[Sy, = 2.76 TeV «
! 1.4;— e Average D°, D*, D", lyl<0.5 —;
D mesons - 6N nomprommr i Wsh

1R e e =
B J / LIJ 0.8 E

0.6

<
<
o

0.4

0.2

_‘ 11 ‘ 111 I 1 1 1 | 1 11 | 1 11 ‘ 1 11 [ 1 11 111 1 11
O 2 e s 0 12 14 16 18
P, (GeVic)

B>1/y +X

[0 charm vs beauty: no evidence of mass effects
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R,, Of open HF

D mesons
B — J/y

Charged hadrons
Identified pions

[0 Charm vs beauty: no evidence
[0 HF vs pion: hint of a hierarchy

next talk by S. Lapointe

ICFP 2012

Giuseppe E. Bruno

§ 2 LB LI 1T 1T 1T 177 ] LI [ T T7 L
o, of ALICE B
F 0-20% centrality ]
1.6 Pb-Pb,\/sy, =2.76 TeV
1.4 e Average D°, D", D, |y|<0.5 -
N o Charged hadrons, |n|<0.8
1.2 = CMS non-prompt J/y, |y|<2.4 -
e[ T — 2 7 Ini<08 (Prefiminary) =
0.8 3
0.6 E
0.4 =
0.2 -
0’- 111 I L1 1 I L1 | | 111 l 11 1 I 1 1 1 I L1 1 l 111 I L1
0 2 4 6 8 10 12 14 16 18
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B->1/w +X
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model discrimination:
B describe both R,, and v,

<1.2 T 1 |T| T T l T T T | T T l T T T | T T I T T ] T 17T I T neXt talk by Sl La polnte
< [~ . i * 7 —_~ = L T T T L L L LI 1T LI =]
o [ Average D°, D*, D'*, lyl<0.5 ] a . F L ' | ' ! ' | ' E
| . = 040 CF Pb-Pb  {s=2.76 TeV]
1EAUCE ___________________ ] £ 0.3 F AR Centrality 30-50%
. 0-20% centrality i 8 F I',h_ ]
0.8:- : Pb-Pb,\/s\ =2.76 TeV ] G or LA | =
- 1 — + Langevin HTL2 i - CHTILE ) ]
0.6 3 =se1 Coll + LPM rad ] 04 & LT i, L. -
ot BAMPS i F - e - ]
i \ i OF- ]
0.4 n — C e D%EP2A¢bins 7]
i H ] -0.1 + D', EP2A¢bins -
L _ —E— | [ormimes Aichelin et al, Coll+LPM rad .
0.2 R L ] .0.2[= ' Beraudo etal, Langevin HTL Emply b  from data
- i - - T . & mpty box: syst. from data ™_|
- Diiraiintatin LGl Stbil C l BAMP? l l | Filled li')ox: syst.l from Bfleed—dowln:
O_I 1 1 | 1 1 | | 1 1 | | 1 11 | 1 1| | 1 11 I 1 11| ] 1 11 I l_ ol l ]21 l l4.I I 16[ I I8l l I‘IOl l l12‘ I l14[ I I161 l ]18
0 2 4 6 8 10 12 14 16 pt (GeV/c)

P, (GeV/c)
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Quarkonla J/xp

g : % ALICE Preliminary, Pb-Pb \s =276 TeV,L = T0ub’ PHENIX (PRC B4(2011) 054912), Au-Au {5, = 0.2 TeV

I m Inclusive Jhy, 2.5<y<4, 0<p <B GeVic global sys.=+ 14%
1 2 — S 1 2 O Inclusive Jly, |y|<0.35, px>0 GeVic global sys.=+ 12%
<l BLICE ALICE Preliminary, Pb-Pb s, = 2.76 TeV, L = 1.7 b '
Inclusive Jiy, |y|<0.9, p{>0 GeVic global sys.5+ 26% m Inclusive Jiy, 1.2<y|<2.2, p>0 GeVic global sys. =+ 9.2%

ALICE l PHENIX

ALICE cummnrl\ glob sys =%1 9 %

O'Hul T | | Lol | O'.Ull I | A |

T A | 1
0 50 100 1 50 200 250 300 350 400 0 50 100 150 200 250 300 350 400
part N part
1.4 — — :E 1.4 F ALICE Preliminary, Pb-Pbys = 2.76 TeV, L= 70ub’
:(( R ALICE Preliminary, Pb-Pbys, =276 TeV,L_ =17 ub’? D: B % m Inclusive J/y, 2.5<y<4, 0<p<8 GeV/c global sys.=+ 14%
o L % ® Inclusive Jly, |yl<0.9, p>0 global sys.= £ 26% 12F PHENIX (PRC 84 (2011) 054912), Au-AuySy = 0.2 TeV
1.2+ PHENIX (PRL 98 (2007) 232301), Au-AuySy, = 0.2 TeV ““F ALICE O Inclusive Jiy, 12<y<2.2,p>0 GeV/c  global sys.=+9.2%

O Inclusive J/y, |y|<0.35, p‘>0 GeV/c  global sys.=+12% I PRELIMINARY

e : i Forward
Central . % 08

L1 el N - LHC
04r Eﬁ@- o o @]@@
0.2;— RHIC 0.2¢ ¥ RHIC

R R R R AR BT A AT ol L1 s
00 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400

dN,/dnl, o dN,,/dn, o

0 J/W suppression is finally different @ LHC
B unless CNM plays very dirty, unexpected tricks

[0 much more in the talk by C. Blume

o

06|
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Quarkonia: J/y

«  0.3p
> C Centrality 20%-60% >N 0.3 F Gontrality 20%.609
5_ E r entrality 20%-60%
= 0.251 B ALIGE Preliminary, Pb-Pb |5y =276TeV, 2.5 <y < 4.0 > 0250 B ALICE Pb-Pb ySy =276 TeV, 25 <y < 40
- F = . C s P. Zhuang et al., B thermalized & with shad EKS98 d cscb/dy\y:3 = 0.38 mb

J

[ ALICE o STARPreliminary, Au-Au Sy =02 TeV, ni<0.9, JPG 38 (2011) 124107 - ALICE ' ;
02 C PRELIMINARY O 2 r ALLLL ..... P. Zhuang et al., B not thermalized & with shad EKS98 d cscady\y:m3 =0.38 mb
r +&L PRELIMINARY

0.15F 0.15E

oost i m o5t m

017 0.1F

parton transport model prediction: private communications

r ~ 2% relative syst. error from o, correction F ~ 2% relative syst. error from o, correction
_ Coovvn oo v b bvvva bvvn b b Lo Lua o :||||\|||||\|II|IHI| ||||||||||||||||||||||||
01 ™ 2y s e 7T 8 9 10 0.1 T T e o
X (GeVlc) p, (GeV/c)

O Indication for v, > 0 in the range 2 < p, < 4 GeV/c
B significance ~ 2.20 deviation from 0 for ALICE
B the presence of flow would fit well in the reco. picture

0 J/W suppression is finally different @ LHC
B unless CNM plays very dirty, unexpected tricks

[0 much more in the talk by C. Blume
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Quarkonia: Y

(\"\ 800 _ﬁ‘ LI I LI I T 1T I T 1T I L I LI I T 1T ] ;\ 50 _l TTT | T T T I T T TT I T TT I LI | LI I UL I_
§ - Preliminary CMS PbPb {s,, =2.76 TeV - § - Preliminary CMSpp{s=276TeV -
o 700 — [3) i ]
O L Cent. 0-100%, ly| <2.4 7 0o [ ly| < 2.4 .
S 600 - P >4 GeVic - s 40 Pl >4 GeVic o
= F L, = 150 ub" ] > [ L, =231 nb’ ]
£ 500 — £ - .
S r i 7 o 30— —
il C « data ] T C J e data ]
400E — total fit B i } — total fit i
T/TC 1/(r‘) [fm-1] 300 :_ ------ background —: 20 __ """ baCkgrOUnd __
2 |- [Y@as) E E i J 1
- | %P 2001 E ol .
12 " - L3 5
IS YES) |0 B 5 i * }L
STC Xb,(zp) Y|(;3S) ; E - & L 111 | | | | L 111 |¥ 111 } | | L1 * i
Xc(].P) w'(2S) [ | ISR Lo b bvvnn b by bvaag 0.
7 8 9 10 11 12 13 14 7 8 9 10 11 12 13 14
2
m,, (GeV/c?) my, (GeVi/c?)

Sequential suppression can be seen already in inv. mass distributions
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Quarkonia

AA

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

_ X 1.4 PbPb {5, =276 TeV AuAu |, = 200 GeV
first results on Y(2S) Ry, L 4 CMS:Y(1S) 5 STAR: Y(1S+25+3S)

1.2

III|l

ly|<2.4 (preliminary) ly|<0.5 (preliminary) _
clear suppression of Y(2S) ]

% R
Y(1S) suppression i |—
consistent with excited 0.8 -
state suppression (~50% : il + E
feed-down) 0.6/ + +'Jf ]
0.4 ' 0
RHIC vs. LHC - :
B STAR R, (1+2+3) = >2C 1S vs., E
0.56+0.22-0-26 O_I 11 I .| I | I | I .| I .| I || I 111 I—
N CMS RAA(1+2+3) — 0 50 100 150 I300 250 300 350 400
0.32 i

consistent within 1o
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Events / ( 0.04 GeV/c?)

CMS y(2S)

D e B B B B L I T I
E . . = o |-
F CMS Preliminary 3 £ [ CMS Preliminary —
F Is = 2.76 TeV Ny, 1046 = 34 > . N, 6136+ 114
LPp ¥s==z/0le Rzt 0020 = 0.007 g - POPD \sy =276 TeV ¢ ' 4019 0.005 |
p L i
10° :_Lmt= 231 nb o =(51= 1) MeV/c? = S L, =150 ub™! o =(29 + 1) MeV/c?
£ | o
e data g e data
# total fit 2 % total fit
102k ==:background _| O 10°H s=:background —
16<lyl<2.4 L C

2.

3<p, <30 GeV/c

]

PRI ISR SN T I I
32 34 36 38 4 4.2

m,, (GeV/c?)

0-100%, lyl < 1.6
6.5<p <30 GeVic

v e e b b e e s
26 28 3 32 34 36 38 4 4.2

m,, (GeV/c?)

For p+>6.5 GeV/c
and |y|<1.6:

W(2S) are more
suppressed than J/y

For p.>3 GeV/c and

9§‘Ptipb3§=<2;2130,1.e<|y|<2.4 _ 12;_':{:%6@;2;7.312:%, lyl<1.6 _ 1 - 6 < | y | < 2 - 4 :
jgmppuncertalnty (global) : : [ pp uncertainty (global) Ind- |Cat| O n Of LIJ ( ZS)
ER ] being less
E _z suppressed than J/y
dﬁ ] better CFp reference
b OMSPrmnayd [ OMSPraiminary neede
0 50 100 150 '\ZI:; 250 300 350 400 0 50 100 150 ;:zt 250 300 350 400 . eXtrapclate 7 TeV
data?
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O

Summary: HF production at LHC

HF in pp:
B excellent measurements, theory does a good jobs
B data at “reference energy” have to be improved

Open HF in Pb-Pb

B ‘“indications” of:
O Raa(D)/Raa() > 1 > colour charge and mass effect ?

m “wish list” (besides smaller errors):

O lower p, => stronger m effect Talk by
O dNgg/dy in AA => J/W normalisation, thermal production? C. Kuhn

O HF baryons ? => A/D
O pPb => shadowing corrections at small pt

Quarkonia in Pb-Pb

m J]/y suppression
[0 it is definitely different @ LHC
O overall picture favors recombination scheme

B Upsilon suppression: beautiful data ... and make sense !
B ' give theorists time to digest

HF in pPb

B check cold nuclear matter effect, this year
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CNM effects: always tricky

e.g. Phoenix

1.8
FieE
-]

14

B one would expect
nuclear absorption
for Y << than for

B but large error

J/W

Expected shadowing

for D meson at LHC
B sizeable at low p;

B a measurement is
always better than
even the best guess

1.4

1.2

0.6

16—

1

0.8—

041

T ®  T(1S+25438) o ‘u‘ly‘l 222
Syn = 200 GeV Y(15+25+38) 5 e'e, y € [-0.5,0. ](STAR):
= Jy > TT,ye[-2.2,2.2]
| l
~N— * 11% Global Uncertainty + —
PH ENIX ] =
A _. Prelimjnary
-3 -2 1 Q . 2 3
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2;T||]||||||IT||{||TI|||{||TI|T||||
1.8 ALICE B
- 0-20% centrality ]
1.6 PD-Pb \[Sy = 276 TeV
14 Average D°, D*, D, |y|<0.5 1

| NLO(MNR) with EPS09 shad.

4 6 8|1012141618
p(GeV/c)
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Pb-Pb 2011 run statistics

0 Collected events:

B 132.4M physics events
B /.7M calibration events

Physics
MinBias
Central
SemiCentral
EMCAL Jet
EMCAL Gamma
Barrel UPC (SPD)
Barrel UPC (EMCAL)
PHOS
MUON Single Low
MUON Single High
MUON UPC

DiMUON unlike

L2a Counts
8798.8 k events
29985.4 k events
35020.4 k events
10765.1 k events
7928.3 k events
T7R820. 7k events
18.4 k events
948.6 k events
6947.0 k events
22978.3 k events
3368.8 k events

21634.2 k events

M events

M events

\ L
L llllllll

lllllll

-
N
2o
)

[
S.
@
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30 ———— Integrated Trigger VLN (L2a) (B)
|- ————— Integrated Trigger CENT (L2a) [B)
= ———— Integrated Trigger SEMI {L23) [8)
25 —— Integrated Trigger PBIZ (L2a) (B)
20
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0 ren U B U TR U
168 168.5 169
25 r T T T
I~ Integraled Trigger MUL (L2a) [B]
: Integraled Trigger MSL (L2a) [B]
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20 L ————— Integraled Trigger MSH (L2a) [B]
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temperature T
_|
@)

The Phase Diagram of QCD Matter

quark-gluon plasma
— c.roiover (deconfinement, chiral symmetry)
~ N ~ oo % o
~

critical

hadron gas

super-

ground-state conductivity
Aj nuclear mater

baryo-chemical potential ug
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Charm & Beauty as probes

calculable in pQCD; calibration measurement from
pp

—rather solid ground

Clcaveat: modification of initial state from pp to AA
®m shadowing (for pt <5-7 GeV/c)
MW saturation?

COpA reference fundamental!

produced essentially in initial impact
—probes of high density phase

no extra production at hadronization
—probes of fragmentation
Ce.qg.: independent string fragmentation vs recombination
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Probing the medium

gquenching vs colour charge

B heavy flavour from quark (C; = 4/3) jets

H light flavour from (p;-dep) mix of quark and gluon
(Cgr = 3) jets

guenching vs mass

B heavy flavour predicted to suffer less energy loss
Clgluonstrahlung
Clcollisional loss

B beauty vs charm
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Quarkonia at LHC

—— — T/Te JAr)
0 Quarkonia dissociation due to colour .
screening LHC Y

O Dissociation pattern depends on bindin =
energy Tp and medium temp. T - quarkonia 2 1. Y
as a thermometer SPS |

B Y would dissociate only at LHC %
. Y,TD NJ/IPTD . i %:'
[0 Expected regeneration for charmonia due to Y
in-medium coalescence of charm quarks
courtesy A.Mocsy
enhanced D e
100 | regeneration ., " U
0.7 . + > - W
o v 44
oy . enhanced
I ————— suppression LG >> I To
SPS 1 2 3 4 5 6 7 30
RHIC >
LHC >
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Jet quenching at RHIC

high pT hadrons

strongly suppressed in
central Au+Au
nuclear modification _ C.Vale et al, talk at QM2009
factor S S T
= Au+Au § 1 (0-10%)

dZNAA /d d E \/Syn = 200 GeV
Raalpr) = =5 aszff’z /pc;ydp :

ol g ; 1 i Hﬁﬂﬂﬁﬁﬁﬁ'ﬁ"w“g"""'g """""""" %
final state effect due 3 | *f, j
to strong interaction  : | “waddde | | |
photons not e

0 2 4 6 8T 10812l N | CRER 16

suppressed p,(Geic)

parton energy loss in
dense medium
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Parton energy loss

partons produced in hard (high Q24) scattering

B traverse matter and loose energy
OO0 gluon radiation and collisions

length L «« number of scattering centers

collinear gluons

O amount of energy loss characteristic i
for medium density L
O non-linear effects from interference
| LandaU'PomeranChUk'M lgdal multiple scattering increases
transverse momentum and
AE oC aSéxLz decreases formation time
q. g q
B with transport coefficient: . ﬁm%@@;w%ﬁ‘
~ 2 Je 2o
q=<pT>/Angluons qf 'q q

B finally fragment into jets of hadrons

[0 measured effect: jet quenching
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1.4 140
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Ran Of D mesons vs. theory
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Rpa(D) / Rapo(mr) > 1 7

5 T T T T T LI LI LI LI LI T T1T_]
B :t( - Pb-Pb! SNN=2.I76 TeV | ! —I— Rad (V!tev) ]
% 4.5 :—Centrality: 8-2+0%+ Rad + dissoc (Vitev) _:
o= M om anxivi1203 Slsov WHDLG radsco (Horowt )
- Charged pio\ns, |<0.8 AdS/CFT Drag (Horowitz)
3.5 N\ musmis CUJET1.0 (Buzzatt)  —
3 ;
C ALICE -
2.5 :_ PR!.IH!N'"“_:
2F N
1.5 —
1 : '''''''''''''''''''''' :I
0.5
O:|1||1|||||||1|||||1||1|]1||i||1
0 2 - 6 8 10 12 14 16
P, (GeV/c)

ICFP 2012 Giuseppe E. Bruno 44



pp Vs Pb-Pb statistics at 2.76 TeV per
nucleon pair
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Companson to RHIC
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Prompt JAp: CNM Effects

 Prompt JAp
— pr > 6.5 GeVi/e:
— in 0—10% centrality:
suppressed by factor 5
— in 50-100%:
suppressed by factor ~1.6
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double charm production

—

Table 1: Estimates for the production cross-sections of the JApC and CC modes in the LHCb
fiducial range given by the leading order gg — JAp c€ matrix element, o, [13,14,17], the double
parton scattering approach, opps and the intrinsic charm model, oyc.

Mode 13,14 88 17] ODPS o1c
[nb]

JWwD?  10+6 74437 146 + 39 220
JAD* 543 2.6+1.3 60 & 17 100
JWDF  1.0+£08 1.54+0.7 2447 30
JWAF  08+£05 0.9+0.5 56 + 22

A A [ ub]
D’DY 20 £0.5 1.5
DD 1.7 £04 1.4
DDS 0.65+ 0.15 0.4
DA 1.5 +£0.5 1.4
D*D* 0.34 4+ 0.09 0.3
D*DF 0.27 +0.07 0.2
D+AF 0.64 +0.23

These LO a.* pQCD results have a factor of two
uncertainties due to selection of the scale for «..
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double charm production

(10’(01) X O’(Cl)

CiC) =2  om o=
opps (L1L2) = o (C) % o (C
| ( lzgfps( 2) for €y # C.

effective cross-section measured in multi-jet events at the Tevatron:
ODPSeﬂ:=14.5 + 1.7+1'7 -2.3 mb

Opps
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