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Heavy flavour production at the LHC

Introduction
e What for?

— heavy flavour production in hadron collisions provides a rich
QCD phenomenology
— test reliability of
—  assess
— probe the medium

e LHC's novelties

! Uhard/ O ot VS
of both ¢ & b quarks

— large inelastic background
! messy environnement with

e ALICE's plus points
— — several heavy flavour measurements
within

— — resolve D's & B's

— — 7/ K separation



Heavy flavour production at the LHC
Hard QCD probes

e Sensitive probe of the

— early creation time (~ 0.1 fm/c K Togp ~ 5=+ 10 fm/c) in initial
parton collisions &
! Undergo the
°

— probe

! Radiative is both color charge & mass dependent

Phys. Rev. D71 (2005) 054027
— Significantly is expected for w.r.t. at the
LHC
! Need for a
& experiments provide a compulsory benchmark

— Heavy quark sensitive to many competing

! Low-p; (<6 GeV/c at LHC) region sensitive to effects

(flow, quark coalescence, gluon shadowing, CGC state...)
! High-p; region sensitive to

— for quarkonia production
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Heavy flavour production at the LHC
Hard QCD probes

e Quarkonium dissociation by

Phys. Lett. B178 416 (1986)

— £QCD predicts a
or

in a deconfined medium

of onium states with increasing

(hierarchy of their sizes)

¥ Quarkonium states

could survive up to

up to

- A

PoS LAT2005 (2006) 153 —
of QGP?

A puzzle instead... clearly data-driven

! Poorly constrained

— Shadowing, saturation, nuclear absorption, co-movers...

mechanisms

R

— Statistical hadronization Phys. Lett. B490 (2000) 196,
Kinetic formation Phys. Rev. C63 (2001) 054905)

— Might be

— Study

the interplay of
heavy quark pair

for
but marginal for bottomonium

to clarify

&

AA

1.5

1.0

Phys. Rev. Lett. 92 (2004) 012001
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Heavy flavour production at the LHC

A novel range of accessible x

e ALICE probes a continuous range of ALICE kinematic reach
w/ HQs at low p; and/or forward y L e e

in the new regime of &
where a breakdown of the standard 108
collinear factorization approach is expected
¢ deep at high rapidity in pA ‘%
at Q4 (5.5 TeV, Pb) ~ 10 = 20 GeV? © 10°
=

¢ non-linear terms in the gluon evolution
— possible Phys. Lett. B582 (2004) 157

Large uncertainty!  Charm
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Open heavy flavour production at the LHC
pp acceptances

p, of Q-hadron [GeV]
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Complementarity of
the four LHC
experiments

ALICE's specific features
> both &

coverage

> both ¢ & b measurements
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Open heavy flavour production at the LHC

Outbreak of large higher order corrections

result in topologies where

the Q and the Q quarks are produced
and necessarily have

(Ap=m & p7"=0)

— can produce much more

— become
K=o0y10/010=1.4-+3.2 for b production

hep-ph/0311048

— in the following, heavy quarks have been
~tuned to

reproduce kinematic distributions given by
hep-ph/0311225

(*) NLO pertubative processes approximated in
the PS approach by LO hard scattering

(QCD 2 — 2 processes) plus initial &
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Heavy flavour production at the LHC
The ALICE baseline

PbPb pp
5.5 TeV 14 TeV
0-5% centr.

cc bb cC bb
o(NN) [mb] *) 6.64 0.21 11.2 0.51
N per collision 115 4.56 0.16 0.0072
I J /’lP ’lP' Y YY" | ] /,¢ ’l,b’ Y Y/ ' I
o (AA) [ub] (*%) 48930 | 879 | 420 | 109 | 61 | 3.18 | 0.0057 |0.028|0.0069 |0.0041

(*)  NLO in pQCD calculations from M. Mangano, P. Nason, and G. Ridolfi, Nucl. Phys. B 273 (1992) 295

Theoretical uncertainty of a factor 2-3 (cf. CERN-2005-014)

(**) " Inclusive lepton pair cross-sections from the Color Evaporation Model, Phys. Lett. B 91 (1980) 253
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The ALICE detector

Only dedicated HI experiment at the LHC with a large suite of detectors
optimized for high efficiency tracking and particle identification across large
range of momenta from below 100 MeV to above 100 GeV
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Direct charm reconstruction in ALICE
The D'— K7+ mode

. of the charmed meson T
— measure the nuclear modification factor

pointing angle

o in an heavy-ion environment
- S/B in Mpo0+ 3 o before selection B e e ar il
D o4 Doe """ secondary
— need for a to reduce Pimary K Tfight MR ertex K
d7T “““
the background by U A
o from to be impact parameters ~100um

subtracted from direct production

e Detection strategy

— exploit the (cT7=124 pum)
! events containing hadronic decays of charmed
hadron are selected by requiring Silicon Pixel Detectars

— two opposite-sign tracks displaced from the primary
vertex i.e. w/

— D reconstructed momentum should Zero Bfield""_-x..._...,
(Hpointing ~ O) 3
- (Ka 7") to extract the § SRS

D" yield Central Pb-Pb collision



D' > K¢t
D candidate reconstruction

Measurement of the track impact parameter
— track reconstruction in ITS + TPC
— d, resolution given by ITS SPD layers

PID
— TOF tag decay products

D° candidate selection
dgxdg <-40,000 um? & cos 6point >0.98
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The results

S/B S/B Significance
initial final S/(S+B)1/2
(M*30) | (M*10) (M*10)
Pb-Pb . o ~ 35
central 5-10 10% (for 107 evts, ~1 month)
pPb 1003 o 30
min. bias 210 5% (for 108 evts,~1 month)
~ 40
. 103 °
PP 210 10% (for 10° evts, ~7 months)

Note
w/ dN_ /dy = 3000,
larger by

larger by &

HERA-LHC Workshop 13
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Beauty via single electrons track”
in central Pb-Pb collisions

e Main

S X
— pions misidentified as electrons 'S
— charm decay electrons e Detection strategy °
— Dalitz decays in TPC + TRD
— photon conversions cut-off
— strangeness decays ! Bs cr ~ 500um

e signal | e backg | 7y cut-off

| | ! large b-quark mass — hard spectrum

? E T | T T T T ‘ T T T T | T T T T i ? 1% I \||||I|III|II\
5, L[ P>1GeVic efromb 8, e from b
- 107 Jh 0 e efromc 3 _g:101§ ----------- e from ¢ E
g F ... other e . % E .................... other e
© , g T piorl - 10-2 L D —— pion
10° : | 3
106;—
10° ;
0% e
10" 0°: T
- qofll i e e
-1000 2 4 6 8 10 12 14 16 18 20

p, [GeV/c] 15



B—eX
e identification in TPC 4+ TRD

o reduced by after
electron ID w/ a combined and selection
l_‘El 10|||||\||||||H|llll|\lll TTTT |||||||||||\||||||\ ? 10|\|||||||||||||||||||||| T T T[T I T[T T T T[T T T T [TTTT
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Sl =10 other e
£ 107 £ 1025 __pion 3
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— 10 —_— 3
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14 March 2007 HERA-LHC Workshop 16



B—eX
Purity & statistics

° & in 107
central Pb-Pb events

—
(=]
~§
TTT

Signal purity, S/(S+B)
=
[-1]

Signal in 10’ central Pb-Pb events
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80,000 electrons from B decays with a 80 % purity
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d’og/dp,dy [mb/(GeV/c)]

B—eX

p- - differential cross sections
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Beauty measurement using muons in
central Pb-Pb collisions

e A representative fraction of b-quarks is detected in ALICE
through their

B+—>WZTV€ B+ — DO g-1|-,/£ Large BR ~10 %
|—>f5 X' |—>£5 X'
- 1 ¢ |=——all processes oy _ PR
£ | BY—D* £, 7, BO—BY— D~ liv,
4 {  |——beauty
A 10 ~|—decay +
jg : é ; g g L%’€4 )(" L_+”€Z )(n
o 107 E """""" """""" e 5 _ ¢ correlated LS muon pairs from bb decays ¢
S b\ Low-p; trigger cut
= 10“3 L ............ ........... .......... ............. s Beauty
Z T N — 10 :
; —quark
10° i i i i =3 . —hadron
0 2 4 6 8 10 E ...... ..........
P (GeVic) - PR AN S N SR S
l-z-.. E : : : :
° HOW to T  10°L.Nieid ) BR ...........
— muon p, cut-off & édecéy kinematics

0 6 12 18 24 30

14 March 2007 p, (GeV/c) 19



B—pu X

Muon detection

e Muons are with a
by their ability to more than
of materials
e Acceptance is the fraction of
(1/2 TC1-3, 3/4 TC4-5, 3/4 MT1-2)
M Detection Effici i
Charm Beauty uon t(?jti‘(l.‘: 10N Iciencies
% UG Vo UVl I VA 1oV el V5 U ﬁ;ﬁiﬁf; nee
Ageorn | 13 3| 12 5 3| = L
A | a2 19| 75 46 51 i
track 0.9 :--F .................. OSSO SO 88 %
€ | 27 8| 62 29 34 Exl —
5'{,2évger 13 2 53 17 23 0.8 ..................................
S 4 0.3 29 4 71 o7 . .
5 10 15 20
14 March 2007 HERA-LHC W p; (GeVic) 20



B—u X
Invariant mass selection
B” —>ﬁu+uz

|—> pu X' 0
\ Opposite sign dimuons //
20 . 5 5 20 H / 5

Sensitive to & }1, _ _ | ) "
i > P | S !
different (TR SR S BDsame - ° S
processes £ . 2
according to S 4o|Jk . P M, 2
the muon pair %
mass | T — S
A : o

5 10 15 20

‘ Mass (GeV/c?) Mass (GeV/c?)

Low Mass M < 5 GeV/c? sensitive to BD_, .
High Mass M > 5 GeV/c? sensitive to BB
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B—pX

Beauty signal selection

N,
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B—puX

Muon raw yields

e Uses

different

e Fits with fixed shapes from the Monte Carlo &

as the

— all processes —all processes —all processes
— 10° 3 open charm . 20000 open charm — 104 open charm
AN E —— open beauty - - :
~ ._ : - |——decay > |— open beauty - , — open beauty
8 10" % .............. ............... ______________ 8 15000 |-G M 8 L e e
& Er \N Slngle muons = s 10°L Mg
T 10 Foo N N S S T 10000 | F i AR T
i : ey, Low imass
[ N el I 500047, s RN e i
10 3 7/ OS dimuons 1
: i ol i i i 10" L ;
0 5 15 1 2 3 4 5 5 8 M 14 17 20
p, (GeVic) Mass (GeV/c?) Mass (GeV/c®)
> chh/dy = 6000
> No energy loss M [GeV/c?] 0-5 5-20
_5 O _

> Centr. 0-5 % N, from bb | 41461 +101% | 6983 + 1.86%

> 500 ub! collected
p;[GeV/c] [15- 2| 2-25|25-3 3-4 4-5 5-6 6-9 9-12 | 12-15(15-20
N from b | 22 10° +| 1.510°+ | 0910°+ | 0910°+ | 3.710°+ | 1510° | 1.210° | 1.910*+ | 4710%+ | 1.810°+

n 0.03% 0.04 % 0.06 % 0.07% 0.13% +0.2% | £0.23% 0.6% 1.26% 2.06%




B—u X

b - meson inclusive

“Measured data points” from
single muon sample

E 10° * Single muons
E ® BDSEI’T'IE
= . BBy
c 10
E
Q.
Al 103 F :
m -
| /
> .| input distribution
Enbz 10- N N
- 1.2<p? <20 GeV/c
107 i .
1 10

B p:"i" (GeVi/c)

cross section

e Beauty inclusive
production cross section

° from

pPQCD scaled pp

measurement could
indicate
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B—pu X

Systematic uncertainties

e Besides statistical uncertainties, arising
from have been considered
— Model for
! include variations in pQCD scales, strength of nuclear shadowing
— Model for
! varying the decay fraction by +10%

— Efficiency
! typical conservative

— Normalization to one NN collision
0-12|12-15(15-20

4% | 8% | 12%

p.[GeV/c]|1.5-2|1-2.5|2.5-3|3-4| 4-5| 5-6 | 6-9
4% 4% 3% [ 3% | 2% | 2% | 3%

10%

11% | 11% | 10% |10%]|10%| 10% | 10% | 11% | 13% | 16%

-5
1% "5 10 15 20 25 ”
) 4%
B p™" (GeV/c
P, ( ) »

10%

14 March 2007




B—u X
Effect of energy loss in Pb-Pb
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Measuring beauty production using
secondary J/v from b-hadron decays

e H — J/¢(1S) X
BR = (from PDG)
o N(H, — J/v) / N(prompt J/4)) =
e Needed to be disentangled for
signature

e Also sensitive to

_ 2 Cacciari et. al., J.High Energy Phys. 07 (2004) p.33
CERN/LHCC 99-13
-+ + 10 10! L B e e e e I
> > .
..g recons. primordial J/Psi g ;':‘ /)
2 v(I/%)| < 0.6
g g S/B - 3 = 100 =
iy wh? g: i ok ]
c c i AR PP \
[ Q 2 [ Points: CDF :
10 -3 i E 10-1 | Curves: FONLL __
g E o(po(J/9)>1.25 GeV) BR: R ]
. § i 19.9*2% nb (CDF)
10 ¢ 5 102 | 18.383 nb (FONLL)
F Solid histogram: MC@NLO, 17.2 nb, i}
% 4 - Dashed histogram: MC@NLO, 16.4 nb fA
o mo a0 s om0 o 4z a4 s e e e tw e
prl1/¥) (GeV)

vtr (um) inv. mass (GeVIcz)



Quarkonium detection in ALICE
Two complementary measurements

— -3
Muon spectrometer J/ 2.3x10-4 <z, , <1.4x1073 | 0.0446 | 0.67 | 0.70 72 70
> 5=07T T 7.0x10-4 <7, , <4.2 x10% | 0.0441 | 0.89 | 0.83 99 115
Central barrel 7.0x10°3 < <3.1 x10°2
_ J/ 0.295 90
> eidw/ TRD (p>1GeV/c) 1.0x10°% < <4.6 X105
> ) meas. w/ 2.1x102<z, <9.3 x102
LA X10™ O X -
> =0.5T 3.1x10°< <1.4x10*
3 /o) Muon spectrometer Central barrel
_ _ dip due to
F e F 12 = 70 - 12
= = absorbers 2 o
E. s0f ill]- = E § “ § 10 — -
5 - R £ ol g *[ w/TRD-L1
i % ;g;. g 30 % ¢ (pTe > 3 GeV C)
e e o 20 i
o ppt >1GeV/c]§ i
Q' + down to p,~0 1: L BE T N \> —
2 ﬂ.y; o 5 10 1;' 16&“!%5' 1 o 1 y 1] 5 p‘ (Gevjc;o
E gr_ g 70 g 12
E = g“"flat in the & 8 I g "
g ¢ * whole rapidity | | 2 w -
i 4 window _—|& § sl g
:_ :_ pT“;.2 GeV/c © 12: - 2|
% a5 % 5 10 is 2|n ° 1 ° 1 % E 10
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Quakonium detection
Di-muon spectra in central

in ALICE

Pb-Pb

+ 20 around the resonance peak

> dN, /dy = 6000
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Quakonium detection in ALICE

Di-electron spectra in central Pb-Pb

4+ 1.5 0 around the resonance peak

> dN,_,/dy = 3000

> Centr. 0—-10 % J/y 121.1 88.2 1.4 265
> 500 pb! delivered Y 1.3 0.8 1.6 28
> Effective readout rate 200 Hz Y/ 0.46 0.8 0.6 13

Combinatorial background subtracted

x107 120.000 J/¥ counts per ALICE running year <107 900 Y counts per ALICE running year
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Summary & Outlook

e LHC is definitely a
— ALICE despite “non-dedicated” has a

! Performance fulfill requirements in the very environment of

- of both hadronic & leptonic heavy flavour decays is

reconstructed w/ high & and good
— Heavy flavoured hadron production are assessed w/
= opening promising perspectives for the study of
(ffi " ! Measurements presented here for Pb-Pb are also with even
| ‘i%\ (due to lower occupancy) notwithstanding pileup
“ A — First physics w/ (vV's = 0.9 TeV) is currently under
...new avenues to be investigated
— muon pair , a powerful probe of
topologies

w/ soft electrons

Get ready for
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