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Introduction

* Why heavy flavours physics at LHC?.
¢ Few words about Tevatron and RHIC.

Heavy Flavour production (c, b):

* Cross section measurements in pp
® Production in Heavy-lon collisions.
* Why heavy flavour in Heavy-lon collisions.

Experimental challenges:

¢ What we can do with the first data
* Examples from ALICE, CMS and ATLAS

Outlook

Many thanks to:

Andrea Dainese and Andre’ Mischke (ALICE collaboration),

Paula Eerola and Jim Olsen(CMS collaboration), Samira Hassani and Chara Petridou
(ATLAS collaboration)
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Why Heavy Flavour production at LHC?

¢ Heavy flavour production provide a QCD test tool.

» p-p :test the QOCD prevision.

» p-A :initial state effects.

» A-A : probe the high density medium.

¢ Large Hadron Collider.

» Large cross section, heavy flavour factory

» NLO production processes became
Important.

pairs per pp event

OLHC = IOXORHIC

LHC = IOOXGRHIC
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[ At Vs = 10 TeV
— yields lower by =25%
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Energy dependence of c and b yields
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Charm and Bottom @ Tevatron

CDF Run Il (5.8 £ 0.3 pb™')

Measurements are at
the edge of theoretical
errors.
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CDF, PRL91 (2003) 241804 FONLL: Cacciari, Nason Cacciari, Frixione, Mangano, Nason and
Ridolfi, JHEP0407 (2004) 033
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[ At the end of b production saga:
Good understanding, inside the errors, of b
production.

ly(3/¥)| < 0.6
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i Points: CDF
__Curves: FONLL

= o(pr(3/9)>1.25 GeV) BR: N
i 19.9%38 nb (CDF) ™
- 18.3%88 nb (FONLL)
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[ Charm cross section studies, more complex,
available since Run Il - but not low pt!.

do/apy(1/4) BR(/4->ps) (nb/Gev)

-
X
a¥)

E Solid histogram: MC@NLO, 17.2 nb,
- Dashed hiTtogram: MCI@NLO, 16.4 nILb

0 5 10 15
pr{I/¥) (GeV)
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Charm @ RHIC

UA2 pp; PLB 236, 488 STAR d+Au; PRL 94, 062301
MUON cosmic rays; NPB 122, 353 STAR Au+Au (preliminary)
PAMIR cosmic rays; NPB 122, 353 PHENIX p+p; PRL 97, 252002
NA32 p+A; PR 433, 127 PHENIX Au+Au; PRL 94, 082301

[T TTTTI

E769 p+A; PR 433, 127 PHENIX Au+Au; PRL 88, 192303
NA16 p+A; PR 433, 127

NA27 p+A; PR 433, 127

E743 p+A; PR 433, 127

E653 p+A; PR 433, 127

HERA-B p+A; PR 433, 127

NAS5O p+A; PR 433, 127

NAGB0O In+In (preliminary)

T T
XO0o«4ODPE@ X%

[ llllll|
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NLO with CTEQ6M
NLO Uncertainty Bound

(from R. Vogt, arXiv:0709.2531)

[T IIIIII|

| 111 I | | | | | I | I | |
102 10°
Vs (GeV)

-
(@)

[ STAR and PHENIX are self-consistent
[ STAR data factor of ~2 larger than PHENIX data but both consistent with
NLO pQCD calculation (uncertainties primarily from scale choice and PDF)
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What we expect @ LHC

¢ NLO predictions (ALICE baseline for charm & beauty)

system : Pb-Pb (0-5% centr.) p-Pb (min. bias) pp
VS 5.5 TeV 8.8 TeV 14 TeV

¢ [mb] 4.3/0.2 7.2/0.3 11.2/0.5
0 115/4.6 0.8/0.03 0.16 / 0.007

Uncertanties factor ~2

Acceptance (pp) of experiments at
LHC allows:

RN
o
o

A Large n - pt coverage

[A ALICE pt acceptance below
| GeV for Charm !

A A new x range available ~10-6

-
o

pr of Q-hadron [GeV]

2005-014 hep-ph/0601164

| i L1 1 i | L1
0 2 4
n of Q-hadron
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NLO contribution became important

€ At LHC energies NLO processes are expected to be dominant.
K=0OnNLo/OLo = 1.4 - 3.2 for b production nhep-phi0311225

E. Norrbin, T. Sjostrand, Eur. Phys. J. C17, 137 (2000)

10000 Frrrr
1000
100 |
10 |
o

0.1 |

Total cham : /. 4 / Total bottom ——— 3

Pair creation ) 01k Pair creation
Flavour excitation - I / Flavour excitation

Gluon splitting " : - _-/ Gluon splitting - ;

| 1000 10000 100 1000 10000
5 (GeV) Vs (GeV)
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Heavy Flavour production in Nucleus-Nucleus

[A large virtuality 0 — happen at t=0

— small “formation time” At~ 1/0
e for charm: At <1/2m_~ 0.1 fm/c << Tqgp ~ 5-10 fm/c
e for beauty: At < 1/2m, << 0.1 fm/c << Tggp ~ 5-10 fm/¢

==))> Probe the full collision history!

Initial state effects Final state effects:
B PDF shadowing.

_ :
B kt broadering. Energy Loss

B hadronization/
recombination.

hot QCD matter

A.Dainese - Workshop on High Density
QCD at LHC and in Cosmic Rays -2009

~2-4 GeV/c

EPS2009 - Krakow Alessandro Grelli




Hard Probes: Energy Loss

1-0 I 'I‘ L] " 1 l h ! I I l ] ] 1 l L} I ] l L

For € and b less energy loss is . DGLV. NPA784, 426 (2007) -
expected. AE>AELQ>AEHQ . . dNydy=1000 -

— dead cone effect
Y. Dokshitzer & D. Kharzeev PLB 519(2001)199

1 dNDP/dp
REAB(pz) = N deI?)AB/dpt
oll pp t

c

[ Radiative parton energy loss is both
color charge & mass dependent.
Phys. Rev. D71 (2005) 054027 see backup

10
p; (GeV)

IZ Need for a clean “calibration”: pp and pA as benchmark.

[ pt distribution sensitive to : .
- pt<6 GeV non perturbative effects. >
- high pt — jet quencing.

[ Test the medium density. Prbe " robe OUT
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Heavy Flavour production with early data

CMS
A Compact Solenoidal Detector for LHC

\
-mmgug,

(T

Total weight

Overall dial 3
Overall length .
Magnetic : 4 Tesla

T et Let’s concentrate on few examples

[CJ Open Heavy Flavours - Quarkonia.

quencing, correlation studies, b tagging

[} Prompt heavy quarkonia.
s production.

inclusive, exclusive, b-tagging
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[A Dimuon invariant mass distributions normalized to 3 pb!

Events/10 MeV/c?

JID analysis

PAS BPH-07-002

CMS Preliminary CMS Preliminary
llllllllllllllllll.“m‘yv lllllllllllllllllll

E
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Events/10 MeV/c?

g,

i 8 8

8

3 3.1 32 33 34 28 29 3 31 32 33 34
M) (GeVic?) M(ur) (GeVic?)

¢B- and prompt fractions measured from an
unbinned maximum likelihood fit to the mass and
the transverse proper decay length.
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[ Dimuon trigger pt>3 GeV

[A Dimuon mass resolution:

~17 MeV at =0
~40 MeV at |n|=2.4

CMS Preliminary
AR LA LA LR ALY RARLE LA
B fraction: \s=14TeV, [n|<2.4 1

o
(=2
T

B fraction
[
o

¢00-£0-Hd4 Svd

—o— Fit result

— Monte Carlo

Ill2|5111l3|0111l315111l4-0
P, (GeV/c)




[A Inclusive differential cross _
section measured from a fit to :
the mass distribution.

[A The precision is expected to
be limited, in this early phase,
by systematics at 15% level.

JID analysis

CMS Preliminary

IIIIIIIIIIIIIIIIIII llll]l]]l'll]'

Prompt J/y : \s=14TeV, |nl<2.4 1

¢00-,L0-Hd4 Svd

%
lllllllllllllllllllllllllllllllll"

10 15 20 25 30 40

-
4~
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- CMS Preliminary

—
N

C [ | Generated
— [ unfolded

-
o
o

da/dA ¢ (pp — bb) [ub]
=

| Ldt=50pb"

P; (GeV/c)

llllllll'

[ Differential cross section

i

|0 TeV

PAS BPH-08-004

measurement do/dAd.

* NLO production mechanisms

b5 — (/9 X))

-«

SJEEENENE RN EEEE NN

| 25 3
A¢ bb [Rad] u

:‘PS2009 - Krakow
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Exclusive B production

1
PAS BPH-09-001 10 TeV

[ ee Bkg ] CMS Prelimirary
[ Promet Bkg 3 10pb™
I B — Vet X .

LA l"' 'l' LA l
CMS Prelimirary .
‘10pb'1

-
<
a4 .U_l!]\l
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Everts /[ 0006 Gelik? )

B* — J/PK*.

-}
1

(pp =Bt p
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—+— Recomitructed mC
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doip
=

L
°_Illl|

B 50 55 %
B rass [GeVi?) E'p, [Govic]

lllllllllllllllll
CMS Preliminary
10pb°1

BO — J/\PK™

—— T
CMS Preli minary
10 pb-?

=
T TR0

w5 Galiie [ubAGev |

o'
T
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LI | llll"l

(PP E°%,p

—+— Rsconrfuctsd MC

doip

-
=3

= 1S
3 I

Gsn

. ..“:.... PR S BES R R 56 55 a0
5.4 5.5 5.8 B°p, [Govic]
B mass [GeWVi?) .

[ The B* — J/WK* and B® — /WK™ differential cross sections can be

measured with early data (|10pb') with a statistical precision better than
1 0%.
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Inclusive B production

: , Pl used to fit b,c and
LALI trigger: LQ/g events Jot ais £
* single 4 pt> 14GeV

lZHigh Level Trigger:
* single U pt> 19 GeV a
* b-tagged jet with pt> 50 GeV

gb-tagging:

* |Inclusive secondary
vertex reconstruction in jets.

[A b-tagging efficiency:
® ~ 65% in the barrel.
e ~55% in the end-cap.

Updated in 2008 PAS BTV-07-003

- sec, vertex

l
”~
'~f 1 /‘BI"
J
AL
2 J

B prim. vertex

CMS Physics TDR Vol Il (2006)

T lllllll

- .
""sane 0 12 H

T llllllll

Cross-section uncertainty, %

A statistical
B Systematic
e Total

>
-

T LI llllll

A

b-tagging with different misalignment

scenario. PAS BTV-07-003 St te e o 20 a0t 150818053000
B tagged jet P, (GeVic)
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do/dM [nb/(100 MeV)]

J/W and Y analysis

III!--!III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III
| []bb—ubudX

[ Direct onia
fl J/W before vertex  mDprel-Yan

and time cut

v g

4 5 6 7 8 9 10 11 12
ATLAS, CERN-OPEN-2008-020 Mass (GeV)

In summary

prompt J/P and Y
di-muon or single muon trigger
secondary decay vertex

- cut on pseudo proper time t
Additional cut for single muon trigger:

- |dO| <0.04 mm for mu
- |dO| <0.1 mm for 2nd track

Efficiency/Purity

Prompt+Indirect | _

Efficiency,Prompt JAp

ATLAS
Il I Il

-\I\\Ir XX If\l PP XX If\b »I\\l\*l» \I:\; S i . | i) Ll L : L I I’ | | L : _ 11 I 11
-04-02 0 02 04 06 08 1 12 14 -0.4 -0.2
Pseudo-Proper time (ps)

L1 I L1 1 I 11 1 I L1 1 I L1 11 I 11 1 | I_
0O 02 04 06 08 1 12 14
Pseudo-Proper time (ps)
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J/W and Y analysis

Mprompt quarkonia polarization as discrimination

between models.

dN

dcos 0* B

2a+6

@OS

N>

Sample

pr, GeV

9—12

12—13

13—15

15—-17

17-21

> 21

04

0.156
+0.166

—0.006
+0.032

0.004
+0.029

—0.003
+0.037

—0.039
+0.038

0.019
+0.057

J/Y, Qgen =0

o, nb

87.45
+4.35

9.85
+0.09

11.02
+0.09

5.29
+0.05

4.15
+0.04

2.52
+0.04

X parameter

1.268
+0.290

0.998
+0.049

1.008
+0.044

0.9964
+0.054

0.9320
+0.056

1.0217
+0.088

-1 longitudinal ,

J/p, Ogen = +1

117.96
+6.51

13.14
+0.12

14.71
+0.12

7.06
+0.07

5.52
+0.05

3.36
+0.05

e +]| traversal,

e 0 unpolarized

—0.978
+0.027

—1.003
+0.010

—1.000
+0.010

—1.001
+0.013

—1.007
+0.014

—0.996
+0.018

J/w, Ugen = —

56.74
+2.58

6.58
+0.06

7.34
+0.06

3.53
+0.04

2.78
+0.03

1.68
+0.02

[ for Y more difficult due to lower cross section at high pt and

higher backgound.

EPS2009 - Krakow
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B+ = J hpK*

T ! T T T T ! T T T T ! T T T T ! T T T T
mean = 5279.3 +/- 1.1 MeV
sigma = 42.2 +/- 1.3 Mev

N>

Summary 10pb-!

[ | /W combining mu.
[ trigger pt > 6(3)GeV.

[A cut on decay length to reject prompt
J
IZ common vertex K™ and | /Y

A cuts on K+:
00 - pt>1.5 GeV, |n|<2.5, |do|/Td0>1

' II|III|III|III|III|III|III|III|III

1‘"| | e S..'i'-.-“.li.".'_..‘ e .".". e~ ._&
5200 5300 5500 5600 5700
ATLAS, CERN-OPEN-2008-020 B+ mass (Me

S®

)

:{> Detector understanding, reference, cross section.

do( B+) Nig S I"!ax likelihood .ﬁt to invariant mass spectrum in
— different pt regions
dpr ~ Apr-¥<</-BR

Uncertanties

total cross-section * Statistical: total < 5%, differential ~10 %

%] 29.8+0.8 * Systematic: dominated by luminosity (~10%)
o(B') [MeV] || 42.2+1.3 and BR (~10%).
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Exclusive Charm: D — K-1t*

pe > 100 MeV!

pointing angle 0

point

Events/2 MeV

oo
o
-
o

g 8 &
[}

Events] 2 MeY

g & 8 8
S & o o

impact parameters ~100 L m ® CT= 124 Mm

Illllllllllllllllllllll

1.86 1.88 1.9 1.92 1.94 1.96
Invariant Mass [GeV]

I|l|l|IIIIIII|III|]II|I1IIIII|[II|III|
1.78 1.8 182184186188 1.9 1.921.94 1.96

Invariant Mass [GeV]
A AR RELE ILERD RAE
* Pp
p-Pb m.b.
4+ Pb-Pb 5%

Based on displaced vertex reconstruction.

N
(4]
T

[A single track quality cuts
[ topological cuts:

- dca, pointing angle..

N
(=)

A. Dainese Quark Matter 2009
Ial I

)
o~
[
[
o
|-
[
@
©
Q
-
(2]
-
©
-
0
@
2
)
)
()
(14

-
Q
1 T 1

Many others channels under study!!

|||||||||||||||||1||||||||—
8 10 12 14 16 18 20

D* = KT1TTT, D, = KK, D* = DO, p, [GeVic]

pp, Pb-Pb: 1 year at nominal luminosity
D = Ktrmrmr, A, = 1Kp (10° pp events, 107 central Pb-Pb events)

p-Pb: 1 month (108 events)
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Open Beauty in electron channel

D =

.

Strategy:

rec. track

[ Electron PID (TPC+TRD):
- reject most of the hadrons
A d, cut (200 pm):
- reduce charm and bkg
H.Yang, R.Bailhache, poster QM 2009 electrons (Dalitz, Y COI‘IV.)

B—e +X in Pb-Pb l_?[ Subtract (small) residual background

e (ALICE data + MC)

1 p, > 1 GeV/c e from b

s TPC + TRD PID e fromc
10" other e
1

pion

dN/d|d,| [a.u.]

0-2
1 0-3 -‘ -

104f R Many others channels under study!!
10° AR R -

10° B — =5 prongs, B — Jhp—ee,
107 tagged b-jets, B — w(n)+X

10

IIIIIlIlllllIIllIIIlIIllIIIIIllIIIlIIIIIIIIIIII_
0 100 200 300 400 500 600 700 800 900 1000
d,| [1 m]
ALICE-INT-2006-015
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Expected precision

charm (D? — Krn) beauty (B — e+X)

[
. |FONLO (MNR)

. |FONLO (MNR)

3
/

1 1 11 11IT

#
v
S

> p™")/dy [mb]

—
<
—_

T IIIIlIIl ll-l-clllllll T

t

—
—
S

N

LR L "'7

3
do®(p,

Q)
>
Q
Y
—
e}
£
d
>
©
Q.
T
O\
(]
Nb
©

T
B semi-electroni It
semi-electronic decays — ~ -

pp,\ls = 14 TeV ““w\g\

L

pp,\ls = 14 TeV

/

—
S
o«
I T IIIIIIII T IIIIIIll_\
|
—
o
w

—

o
F N

TTIT

i o b b b b b b b Lo 10-4 coa b b P v v by |
2 4 6 8 10 12 14 16 18 20 0 S 10 15 20 25 30

p, [GeVic] B p"" [GeVic]

o

1 year at nominal luminosity (3x103° cm-2s-") (10° pp events)

¢ Charm below | GeV, Beauty ~1 GeV!
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NLO - Gluon Splitting in cC

Phys. Rev. D79, 112006 (2009)

* STAR [A Azimuthal angular correlation of charm quark pairs
. - GS peaks around A =0

® CDF

— pQCD | - FC peaks around A¢ = 1T
@ MC@NLO

1 LI

T lllllll

MGIuon splitting in c-cbar pairs — near-side azimuthal

[ pl correlation between jet axis (leading particle) and D*.
10 102
Gluon Jet Energy (GeV)

Q
Q

I

| A ¢ between leading particle and D* |

D*-LP correlation

———e—— Signal Candidates
—s— Background
—<—— Signal

=
-

e
=3
o

AT T T

1 ,dN :
—— X = [0.24 rad per bin]
Ntrlg d¢

Different fragmentation characteristic:
soft charm FF in gluon jet.

A¢[LP, D%*]
Leading particle p+ > 5
EPS2009 - Krakow Alessandro Grelli 21




Outlook

[ LHC heavy quark factory

[ Significant contribution from NLO processes at LHC

energies.

[A ALICE, CMS and ATLAS have intense HF programs.
l?_[ Charm cross section below 1GeV with ALICE

‘Z Basic to understand the production mechanism in heavy ion.

- heavy quarks used as probe for Quark-Gluon Plasma
properties

[ With the early data:

- Powerful test of QCD.
- Understanding of heavy quark cross sections in hadronic
collisions.

[T} Rare B channels. Not covered in this presentation.
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PE ‘European Physical Society
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Theoretical Uncertainties (HERA-LHC Workshop)

CERN/LHCC 2005-014hep-ph/0601164

beauty
3""""l""l""l""l""
[_]total uncertainty

25

Illlllllllll'll
Illllllllllllll

Illlllllll
IlIIIIlIlIIlIlIIlII-I
LR

F

charm hadron p_ [GeV] beauty hadron p; [GeV]

1.3<m, <1.8GeV 0.5<Wpp/my <2 0.002<¢,_ <0.11

4.5 <m, <5.0GeV 05<u,./n,<2 0.0002 <¢, <0.004
PDFs:CTEQ4, CTEQS, CTEQ6, MRST2001

MNR code: Mangano, Nason, Ridolfi, NPB373 (1992) 295.
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Non linear term in gluon evolution - hints

[ Large pQCD uncertainties for charm p;=>0

[ Two attempts to include non-linear terms in evolution equations:

- DGLAP+GLRMQ Eskola et al., NPB660 (2003) 211
- BK Kutak, Kwiecinski, Martin, Stasto

1 5_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_
me. =15 GeV ] RV §
4 Tevw o¢(DGLAP+non-linear)
Scale for ag: 4m§—|—p§

= 2 -
o | m=12GeV,Q =4m; :

|77| <1 — linear . i |y| < 1

=
D
9
K]
£
>
=]
—
o
=]
&
o~
=]

—cC quarks
—D mesons

10
Prp [GeV]
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Energy Loss of Heavy Quarks in the medium

hot and dense medium | Gluon radiation probability d7

parton )
- " 2‘ ' a)i _ do|, s

do| .y ” 2
Gluon radiation suppressed at 6 < mg/Eq 1+ EQ
(dead-cone effect) pokshitzer & Knarzeev, PLB 519, 199 (2001) 0

2

92

-

Probe deeper into the medium

20 | — [ R B T T
B /, \\pJel(x)

PolX: ¥=0, ¢=0) (a.u.)

x (fm)
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Production in AA prevision at LHC

A Raa of D or B mesons produced in AA and pp — quark energy loss

| deﬁB/dpt
N, lel;’B/dpt

C

RfAB (pz) =

[ Raa beauty/charm ratio [ Raa hravy/light ratio
— mass dependence — color charge dependence

| ' | ' 1 !
o, = 04
— GCharm mg(o‘y = 1750
—  Bottcm dNa/dy = 1750 -
- = Gnarm tﬂgldy - 2800 ]
— - Buollam llNa/dy - 2900

R A A( bottom)/R M(Chafm)

Wicks, Gyulassy, “Last Call for LHC

Predictions” workshop
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Rich Heavy flavour physics program.

In pp:

p Calibrations - baseline for AA

p Open Heavy Flavours - Qarkonia
In pA:

» Initial state effects.

» Production in AA , Hard Probes

» Open Heavy Flavours - Qarkonia
quencing, correlation studies, b tagging

» Heavy Flavoured Hadrons Cross sections
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Heavy Flavour production with early data

CMS
A Compact Solenoidal Detector for LHC

Rich Heavy flavour physics program.

» Calibrations
» Heavy Flavour production
» New Physics - rare channels

= Cross section measurements

[ Inclusive B production:
- Inclusive U + b-tagged jets

[A Exclusive B production:
- Calibrations, control samples, cross sections

EPS2009 - Krakow Alessandro Grelli




B-tagging efficiencies with different alignment scenarios.

PAS BTV-07-003

CMS Preliminary CMS Preliminary

P A - -

e R I = R = === g ==

charm jets, ConblnedSecmdaI}Nelteu s s, A

—

—

1 TrrrTn

I Frrrrn
T rrrTn

>
O
-
Q
=
0
0
0
-
0
-

non b-jet efficiency

I rrrrrn
T rrrrn

Misalignment scenario: i i Misalignment scenario:
—— None : L ' : —— None

=== 100 ph-1 ===« 100 ph-1

—e= 10 ph-1 K o= 10 ph-1

===¥=:= 10 ph-1 Pixel L1 Off ? : : : ==¥== 10 ph-1 Pixel L1 Off
= o= Startup | : == Startup

Al b ool Mmoo o o AREARERRERERRERRR N RRN N N NN N N

4
010203040506070809 1 19 01020304 0506070809 1
b-jet efficiency b-jet efficiency

I Frrrrn
1 rrrrn

il

[ CMS has already been aligned with cosmic data with a precision
corresponding to the |0 pb' scenario!
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Heavy Flavour production with early data

Muon Detectors Electromagnetic Calorimeters

Forward Calorimeters

Rich Heavy flavour physics program.

» Calibrations
» Heavy Flavour production
» New Physics - rare channels

A Prompt heavy quarkonia

- Cross section measurements
- Reference channel B+ = J ipK* for future meas.

[A Test for QCD calculations
- Prompt heavy quarkonia cross sections
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B+ = J hpK+

Systematics:

[ ~ 160 B* candidate per pb'!

[A Reliable cross section in few months of data taking

MResults valid even in a low luminosity scenario <= 1032cm2 s’/

[A Total extimated systematic uncertanty ranging from
9.5%-12%:

e Luminosity 10% (6.5 after 0.3fb"!)
e PDFs 3%
e Scale 5%
e Muon iID 3%

Statistical:
[ Expected O(1%) already at 0.1 fb"!
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