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Outline %\

* Motivation for open charm analysis.
- parton energy loss in the medium
- results from RHIC experiments
- measurement of p; differential cross section for D
mesons at new energies

- test for pQCD
e ALICE detector: status and performance

* Charm cross section measurement in p-p collisions: strategy and
status of data analysis.

* Expected performance in p-p and Pb-Pb

* Conclusions
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In medium energy loss (%\

Ultrarelativistic heavy ion collisions should form a high density deconfined
medium where partons are free and interacting.

Hard partons are produced before medium thermalization and they should
experience energy loss in the medium (radiative and collisional energy

loss, in-medium fragmentation).

path length L Energy loss depends on:

- - medium density ( q )
- colour charge (C; - Casimir factor 4/3 for quarks,
3 for gluons)

Baier, Dokshitzer, Mueller, Peigne’, Schiff, NPB 483 (1997) 291.

. .. A
FOr exemple for radlatlve AE m a C L2 Zakharov, JTEPL 63 (1996) 952.
energy |OSS: S R q Salgado, Wiedemann, PRD 68(2003) 014008.

- mass : radiation suppressed at small angles for massive partons — dead cone effect

Yu.L. Dokshitzer and D.E. Kharzeev, Phys. Lett. B519 (2001) 199, arXiv:hep-ph/0106202
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RHIC results

Hadron suppression in central collisions interpreted as energy loss

(1%, n suppression) 00-10 %
52_"'| Il' T T T L T 171 ]
. 14 0 Point-by-point error ]
Non-photonic electrons 18 Rani0-10%

. . - Alﬁ'AU @ J_ 200 GeV .| scaling -erro.r .
show suppression in central 16— I i Uncertaintyin T,

Au-Au collisions.
Individual suppression of c
and b cannot be extracted

A =" without scaling emor -

B 1 without scaling error

e* from heavy
flavour

Heavy flavours are as
suppressed as light hadrons.
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Strongly interacting matter at LHC

RHIC
(de5|gn) (soon)

0.2 TeV 5.5 TeV 2.76 TeV

tace 1.6 fm/c 10 fm/c 4 fm/c
€ 5-10 15-60 10-40
Expected heavy GeV/fm3  GeV/fm3  GeV/fm3

flavour pairs
produced in a
central Pb-Pb

collision. -
N bb 0.04 /ev 3.7 /ev 2/ev
Theoretical
uncertainties
factor 2-3 MNR code (FO NLO): Mangano, Nason, Ridolfi, NPB373 (1992) 295
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Strip Drift

Pixel
% |ITS detector

ALICE detector
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EMCal

y
Tracking|
Chamber

PMD
KN

T S

Dubna, 23/08/10 Critical Point and Onset of Deconfinement 2010 D. Caffarri 6



O

.

ALICE: heavy flavour analysis in preparation

Exclusive charm reconstruction in the central barrel) Covered in this talk
D0 = {=1<4y1<1)

D* — K
D, — KK Open charm reconstruction in the
D* — DO muon spectrometer via single

muon reconstruction
DY — Kmp

(-4 <y<-2.5) B — u+X
A, — 7Kp

D — utX

Inclusive heavy flavour reconstruction in the central
barrel via electron decay

D|B—e+X
tagged b-jets
B->J/W > ete
e-D? correlations
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Road map to charm cross section {%\

measurement

d2o2° (py, ) 11 fp - N 5% (PO 1y < ymmas 1
dydpy T 229 € - BR - Lint B

1. Raw yield extraction
- Topological cuts to select displaced secondary vertex
- PID with TOF and TPC to reduce background
- Estimation or subtraction of the
remaining background with different methods
(fit, like-sign, rotation, mixing events)

pointing angle 0 __
point
>

0
N D'reconstructed momentum

& Dhightlinee, __---—>

—

secondary vertex

dg
2. Feed down from B impact parameters ~100 im
- pQCD estimation for the ratio (D from B/direct D) corrected for the ALICE
efficiency and acceptance
- Exploit impact parameter distribution of prompt D° and coming from B
(high statistic and good understanding of the detector)

w

Yield correction with efficiency
4. Cross section normalization
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Data Taking (%T%\

- 23 November 2009: first collisions at Vs=0.9 TeV
- December 2009: data taking at vs=0.9 TeV

- low statistic for charm analysis (~ 500K events)
- 30 March 2010: first collisions at Vs=7 TeV

- from 30 March data taking at Vs=7 TeV

about 700 M minimum bias events collected so far (17th August)
also ~ 2M at Vs=0.9 TeV 05 1100 ey gpgiTC M number

I I I I
—=—— Sum
INT1 B triggers
MUS1 B triggers (x10)
SH1 B triggers (x20)

-
(=3
(=4
o

900

800

700

600

Recorded triggers [10%]

500

400

300

[qu/1] Ayisouiwn) pajeibajul papiooay

200

100

BLITLL T LI L L L L L L L LI L L LI T I L L L LI LT T
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ALICE first performance ()

With the first p-p data, ALICE started to understand the detector and its
performance and obtained recently the first results.

(= 1.Belikov’s talk)
Primary vertex and impact parameter resolutions are very important for

the D meson study.

= Vertex spread distribution at\/s = 7 TeV, p* = — 350 T ]
S = ) ]
= = - el .
a - 300__ ................. * ............................................................................................... —
£ S - A ALICE workiin grogress J
I= S 2500 g 0 5 T SO 14/05/2010....7
(7)) 7] 2 i ]
2 . T R e RN «Data = o E
= DATA parameters XTRK DATA par‘ameters YTRK = 00:_ '''' x 4 MC, residual misal. 1
B . o =342 L, =33£3 - - ]
-: - . a=518+11 | L o= 542+12 T 150:— """""""""""""""""" ¥ B
> 400H @ .................. ......... B =139i904 ......... ......... B =140i004 ......... ...... - : X .
)= E L g 1] 1] E— S s .xi“ ................................................................
o ] - iy

> Toe b : fry,

E 200 .......... I#I .................. .................. .................. ...... — 50 I ST S [N N 0 i“* ’*‘%% - * -
77 : ‘:@' ;=@=: :%F: i 0: Primary vertex with beam constraint | 'T‘ -
I T D itk +———o—9—— 10" 1 10

E o0 10 20 30 40 50 _60 70 80 90 p, [GeV/c]

Tracklet Multiplici
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ALICE first performance (ll)

0 1+ | I B B L Lo LA S m e |
. . C 7 Tev 1
- One of the main differences of . 600 (&\ f Pr@re
. = 500 $ f g
ALICE with respect to the other s - | E
. . g 400 — f!‘: ] ALICE performance —]
LHC experiments is the 2 a0 workin progress
“redundant” hadron identification & 200 - o 4
capability. 100 sad
-3 -2 -1 0 1 2 3
. Rigidity (GeV/c)
- Differents detectors have been
TOF PID - pp @ 7 TeV
built for this task with different B - N »
technologies: .3 \' '/ /
dE/dx from silicon and gas s "

10°

detectors, time of flight, transition o5
radiation detector... |

10
0.3

0.2-lwwyl'|w“w'|'- ¢ |||4\|il 1
p x charae (GeV/c)

p x charge (GeV/c)
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Invariant Mass Analysis

Main selections:
displaced vertex topology.

pointing angle Gpoim

- tracks of opposite sign with
large impact parameter &
- good pointing of reconstructed
D momentum to the primary y
ve rtex impact parameters ~100 L m

0
\ D'reconstructed momentum

secondary vertex
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ppVs = 7 TeV, 1.4x10° events, 1 < pf" <2 GeVic ppVs = 7 TeV, 1.4x10° events, 2 < p:’° <3 GeVic

© - o 400
% 350 DO—) Kﬂ+ @ %
350
Z 300 : 2
J g ALICE Performance = 300
® g 250 13/07/2010 @
= = 250
T 200 _ =
= Mean = 1:863:£ 0003 B 2005 a5 0001
150 &0 -
Sigma =0.007+ 0.003 150E-  qiima = 0.009 £ 0.001 Significance (2) 8.6+ 1.1
DO > K— T[+ 100 Significance (2 ) 4.1+ 1.2 100 S (20) 209538
G) +
50 S(20)112+33 s b 2oy st6e 13
(o) x
0 el by, BRO)IBAIED PY N P I P RPN RPN RPN
1.75 1.8 1.85 1.9 1.95 2 2.05 1.75 1.8 1.85 1.9 1.95 2 2.05
Invariant Mass (Kn) [GeV/c?] Invariant Mass (Kr) [GeV/c?]
0 0
PPVS =7 TeV, 1.4x10° events, 3 < p® <5 GeV/c pp\'s = 7 TeV, 1.4x10° events, 5 < p® <8 GeVic
~ ~ 1
p-p atVs=7TeV z : i
= 500~ = C
e C S 120
o 400 - o
8 r 8 100
= C = E
140 M events E 300 E af Significance (2 6) 14.3 + 1.2
E Mean = 1.868 + 0.001 - S(20)375+29
- 60
2007 . B (20)310+ 11
°E  sigma=0.015+0.001 Significance (2 ) 15.2 1.2 ? + (20) 310 .
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1.75 1.8 1.85 1.9 1.95 2 2.05
. 2 o
Invariant Mass (Kn) [GeVi/c'] Invariant Mass (Kn) [GeV/c’l E

pp Vs = 7 TeV, 1.4x10° events, 8 < pf" <12 GeVlc

Signal seen in
p; between
1-12 GeV/c

D’ Kn*

Mean = 1.869 + 0.004

. Significance (25) 10.6 + 1.4
Sigma = 0.035 + 0.005

S(20)183+23
+B(20)11519

Entries / 10 MeV/c?
&

1.75 1.8 1.85 1.9 1.95 2 2.05
Invariant Mass (Kn) [GeV/c?]
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D> K rt'rt™

p-p atVvs=7TeV

140 M events

Signal seen
in p; range
2-12 GeV/c

Dubna, 23/08/10

PPV5=7 TeV, 1.41 x 10° events, 2 < p”'< 3 GeVic
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PPY5=7 TeV, 1.41 x 10° events, 3 < p”'< 5 GeVic

ignificance(2c) 11.5 £ 1.1
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PPVS=7 TeV, 1.41 x 10° events, 8 < p'< 12 GeVic
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pp\E= 7 TeV, 1.40x 10° events, 2 < pC<3 GeVic

e

LICE performance
15/07/2010
Signlflcance = 4.7L 1.4

I3
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o o
=3 =3

>

X+ 0 + 20 S =587
D** > DO 1t |
ﬂ: 10 Mean = (145,25 £ (L15) MeV/e
S O Sigma = (436 + 184) keV/c*
8 ; ; 6
M(K=x)-M{Kx) MeVic*
K PPYE= 7 TeV, 1.40x« 10" events, 3 < p”'<5 GeVic ppyE= 7 TeV, 1.40x 10" events, 5 < p'°'¢8 GeVic
1
7[ N 1ew W
3 | Sigaificance = 11.4£ 2.3 3 [ Sigaificance = 16,84 2.4
=00l =120
b N S=2I8L 15 2 F
. o - - - S=1260L 16
3 g ol B=198% 12 Mean = (145.41 £ 0.07) MeVie* goor- .
. . E 80— ean = (145, W7) Wiex e ‘g C . Mean = (145,64  0.05) MeV /i
s @ Sigma = (688 + §6) keV/c® “aof B=76L9 Sigma=(848 3 3 keVie?
60 |— -
C 0|
- "
L 40
Vs =7 TeV *
pp at S_ e o— o:..l.... ..‘..l....l....l....l..
5 5 ) 0.13% 0.14 0.145 0.15 0.155% 0.16
M(K=x)-M{Kx) MeVic* M(K=x)-M{Kx) MeVic*
ppYE= 7 TeV, 1.40x 10” events, 8 < p:"<12 GeVic pp\E= 7 TeV, 1.40x 10" events, 12 < p:”<18 GeVic

140 M events ; Y e

v T v or
E 50 — Significance = 8.5z 2.5 i: 18- Sigaificance = 4.2+ 1.9
] C w C
e e S wf §=84=9 S M §=2205
Signal is seen i taf S
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via p? resonant channel decay
p;integrated above 3 GeV/c

good systematic check for the
main channel

p-p atVvs=7TeV

140 M events

Dubna, 23/08/10

N
N
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o
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pp\s = 7 TeV, 1.4x10° events, p?o >3 GeVlc
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ALICE Performance
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"yt

-
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Significance (2c)=6.2+ 0.3
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Critical Point and Onset of Deconfinement 2010
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b p-p,\S= 7 TeV, 1.41x 10° events, 3<p (D )<5 GeVic
D+s - K K*rt* Emoo__ D.—»o¢n" —» K'Kn* o
< B ALICE Performance
. o 9001
via @ resonant channel decay & | 16/08/2010
p;from 3 to 5 GeV/c £ 800l

g
=

p-p atVs=7TeV 700

600 Significance (2c) 5.0 = 1.2

140 M events

Mean = 1.971407 = 0.001125

S (20) 298 + 74

500 Sigma = 0.004372 + 0.001376

B (20) 3318 + 22

400||||||||||||||||||||||||||||||||||||
19 192194 196198 2 2.02 2.04 2.06

Invariant Mass (KKn) [GeV/c?]

PWG3-D2H-016
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Back to MC: performance in p-p = D° do/dp;

section measurement in ALICE expected at Vs = 7 TeV.
compared with FONLL and FO NLO Charm yield is reduced by 35%
calculation for p-p collisions

at Vs =14 TeV _ o
pp 7 TeV, perfect alignment and calibration
F :III|III|III|III|IIIII]IIIIIlIIIlII[l[II: $100:II|IIIIIIIIIII|III|I|'I|III|III|IIllll:
s B —— ] S, 905_- Do S Kn systematllc 3
[ c oY statistical: 3
(U] 1 g_/’\\ L | FO NLO (MNR) E g 80c | % %10° evts N
) N ] o TUH Y 2x10° evts -
é & N N FONLL i 3 1x108 evts
Z 0 e E S
e/ NTa : S
=2 -/ ST : [=
% 102E N _ c
o = ~ ~ 3 o
T C SRR T . °
B S~ '—*‘—'\\\_ i E
107E D’ - Kn ey, P 2
E pp’q§=14TeV K\\E % T | | ||||||||||||||1||||1||1|E
104E B n:00246 8 10 12 14 16 18 20

Illllll|III|III|IIl|llIlIII|III|IIIlIllE
2 4 6 8 10 12 14 16 18 20 p, [GeVic]

P, [GeV/c]

L= TTT
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Energy loss studies with ALICE detector
1 dch /dp,dn

o‘?

R, (pr)=
AA T 2 § - MC syst. err
<Ncoll>c d N /dedn f‘ s L
0 12 v oo .
C q=0
é 14_ I I I [rrrrrrrrTrTTr T T T T T T T T T ] 1_ ..............................................................................
A Pb-Pb, 0-5% 1
g e ] 0.8
s . . n
g 1 q=9 n 0.6[—
Q08 - = 0.4 o g=25, with dead cone
C . u A=
0.6 3 0.2
C E 0:1 P R AN T SR SR A T T S | 16!=1|0(l)’thll”l|delaqc1°n|e
04— =1.2 GeV - 0 2 4 6 10 12
- e ° 4 = 25100 GeV’/im 3 p, (GeVic)
02 — i —
— —t— t i I = _ pefromB e fromD
0 :TT]IC |_|O| p v Py b e b Py Py Py |_ RB/D (pt) - RAA (pt )/RAA (pt)
0o 2 4 6 8 10 12 14 16 18 20
pt[GeV/C] o ST T T g
S 4.5 = g = 4(dot-dash), 25(dash), 100(solid) GeV?/fm =
Probes are used to study QCD energy % L E No E loss 3
. o E Eloss,m . =m, =0 3
loss as a function of: e 3.5F Eloss,m =12GeV, m =4.8GeV =
-parton mass (dead cone effect) ® . 2: 1 E
. noe-9F E
-parton nature (Casimir factor) .2 2F s =
1.55 TR e M e
Estimate based on 1 year of data taking at nominal E s — : ”’/:
ALICE luminosity (107 central Pb-Pb events, 10° pp) 0-5¢ Pb-Pb, 9,,5/" NSy = 5.5 TeV, 3
2

| | I
4 6 8 10121416182022
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Conclusions and Outlook

Thanks to:
- good vertex reconstruction capability

- precise tracking down to low p-
- PID capability
ALICE can play an important role in the open charm studies.

* ALICE detector performance is close to design.

* Signals of DY, D*, D™, D, have been observed in different p; bins in p-p
collisions at Vs = 7 TeV (from 1-2 to 12 GeV/c for D?, D*, D**)

* Analysis to extract the charm cross section is ongoing

Looking forward to... Pb-Pb collisions at Vs, = 2.76 TeV in November 2010.
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BACK UP
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ALICE detector status (%»

N

: L3 Magnet

Schukraft
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