Heavy Flavour Physics with the ALICE Muon Spectrometer at the LHC

Xiaoming Zhang for the ALICE Collaboration
Laboratoire de Physique Corpusculaire, IN2P3/CNRS, Université Blaise Pascal, Clermont-Ferrand, France

Institute of Particle Physics, Huazhong Normal University, Wuhan, P. R. China

Key Lab. of Quark & Lepton Physics, Ministry of Education, P. R. China

First ReteQuartonii Workshop, 25-28 October 2010, Nantes, France

@ Heavy Flavour Physics with ALICE at the LHC
e Measurement of u* <HF in pp data @ 7 TeV at LHC/ALICE: Preliminary Results

© Conclusion & Outlook
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y of the Quark Gluon Plasma at LHC Energies

%‘ 200} o Study of the Quark Gluon Plasma
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o the LHC, with /syn = 5.5 TeV (nearly 30 times larger than that reached at RHIC), will
open a new era for studying the properties of strongly interacting matter under extreme

thermodynamical conditions!

o ALICE (A Large Collision lon Experiment) is only the one which focussed on heavy ion

collisions at the LHC.
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Heavy Flavour (HF) Physics

HF in pp collisions

@ baseline of AA & pA collisions;

@ unravel NLO pQCD processes: pair production,
flavour exitation & gluon splitting;

e i © important test of pQCD predictions: large
L . I ] N uncertainties.

Cham hacran , Gev] eauty Pron , [5eV]

HF in pA collisions

shadowing & anti-shadowing; k: broadening of partons; color glass condensate (CGC).

HF are the Tomography of QCD Medium in AA Collisions: T i i
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Q QQ bound state formation is sensitive to the temperature of the Large HF production rate @ LHC!
crossing medium: suppression vs. recombination.
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Heavy Flavours with ALICE

ITS, TPC, TRD, ToF (I|<0.9)

(di-)electrons: JAp, v', Y, Y, Y,
open charm, open bottom, W=, Z°
b B S

muon spectrometer (-2.5<n<-4)

(di-)muons: JAp, ¥, Y, Y',Y™,
open charm, open bottom, W, Z0

electrons
hadrons

-4

no 2" vertex

hadrons: Do, Ds,... ond .
vertex

electron-muon coincidences:

open charm & bottom
We focus on the HF production cross section reconstruction via single muons.
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T LICE muon Spectrometer

xy
Tracking
chambers

Absorber

Magnet Filter

@ Front Absorber: reduces hadron yield & decreases decay p yield by limiting the free path of
primary K/x.
@ Magnet Dipole: 3 Tm integrated field perpendicular to the beam axis.

© Tracking System:

o multi-wire CPC with 1.1 M readout channels,
o position resolution < 100 um = o,/p ~ 1% = om ~ 100 MeV/c? @ 10 GeV/c?(separation of T
states).

© Trigger System:

o RPC with 21000 readout channels;
e time resolution < 2 ns, rate < 1 kHz & decision in < 800 ns;
e two programmable trigger p; cuts among,
p: ~ 0.5 GeV/c (min) pt ~1GeV/c (J/V) pe ~ 2 GeV/c (T).

© MUON Filter: stop hadrons and low p; muon tracks.
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of Measurement ¢8/P in pp via (di)muons

pp @ 14 TeV

_ @ Background subtraction;
EE — open charm
= extract N
§ E —— open bottom = G o “i:/“i“Jr(_B/D
; : rom "data”;
Fio= @ correct for integrated

= ¥ luminosity, detection
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Ty

@ correct for decay kine.
(Fmc calculation);

Ty

@ get differential inclusive B

L
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*pH " denotes a special kinematic phase space of ,ui Y

Method widely used and well documented

@ UAL: pp colissions @ /s = 0.63 TeV, single muons and dimuons, C. Albajar et. al., PLB 213 (1988) 405.
@ CDF: pp colissions @ /s = 1.8 TeV, single electrons, F. Abe et. al., PRL 71 (1993) 4.
@ DO: pp colissions @ /s = 1.8 TeV, single muons and dimuons, B. Abbott et. al., PLB 487 (2000) 264-272.

Note: disentangling charm and bottom components has never been achieved with such a method in the past.
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Strategy of u* «<HF Extraction in pp data @ 7 TeV
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Event and track selection;

background subtraction;

correction for the acceptance and reconstruction efficiency;

obtain muon p; spectrum from HF, dN““HF/dpt|_4<n<_2_5;

convert muon p: spectrum to muon differential cross section, da”‘_HF/dpt|_4<n<_2,5;

disentangle open charm & bottom components, do”‘_D/B/dpt|,4<n<,2_5;

o0 000CO0OCEC

from muon cross sections to open charm & bottom cross sections, daD/B/dpt|,4<n<,2,5.
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Event and Track Selection for Data in pp @ 7 TeV

Event Selection
@ Select INEL events with minimum-bias trigger or MUON trigger.
Track Selection
@ from reconstructed vertex, improve the precision of track kinematics;
@ —4 < n < —2.5, select tracks in ALICE/MUON acceptance;

@ 171° cm< 0,4 < 178° cm, cut off radius at the end of front absorber, avoid multi-scattering effect from

different materials;

@ matching with MUON trigger, remove punch-through hadrons.
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K MB data w/ 425 2 . 18 cmsr,, <80 cm £ 18 cm<r,, <80 cm
E __ 1760mer,, <80cm  ALICE Performance 3 3 trigger matching
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- 3 3

i
LonlE
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300
DCA [em] DCA [em]

DCA [em §

o MUON trigger system very effective to reject the hadronic component;

o after event and track selection, the main background is p <—primary K /7 (in pr > 2 GeV/c).
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w <Primary K /7 Subtraction: Vertex Unfolding Fitting
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@ Method has been already successfully tested on simulations;
o expected linear increase of muon yield w/ the vertex position evidenced with data;

@ high statistics is needed.
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p <Primary K /7 Subtraction: Using Simulated Shapes

o Assume the shape of the p; distribution of y <—primary K /7 is described by models;

o get the p; shape of primary muons from MC predictions;

yprimary

o get the ratio RMC(n) = —iotar llow p; in different n regions;
"
@ normalize the MC shape to the data according to the value of RMC(n) in each 7 region;
@ subtract the normalized primary muons from data.
s F
S0 s L _
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O qotl pp@\Ns=7TeV | g "'
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We focus on the region in p; > 2 GeV/c, the contribution of secondary muons can be neglected.
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i <Primary K /7 Subtraction: Systematic Error Estimation

o The systematic error on primary muon subtraction includes the systematic error from RMC
and that from p; shape of primary muons;

o the systematic error from RMC depends on the different MC models and different transport
codes (Geant3, Geant4 and Fluka - - -).

o(primary p sub) = o(RMC) @ o(shape p¥¢), o(RM) = o(model) @ o(transport code)

Pythia Perugia-0 tuning, Pythia ATLAS-CSC tuning

g E simulation of pp @Vs=7 TeV  — - o 0.9 — —
= e primary Kim, 4<n<-2.5 ~ — & -4<n<-2.5 Perugia-0
S ol — 18 cm<R,,,,<80 cm 085 18 em<r.. <80 — PyAtlas
= — trigger matching>1 CMSI ¢ cm
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E —t E I
L b 0.65=
104 = | i s
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£ . . 0.6 ' . ]
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; 1? 0.55] i
£ — 551
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E 4 38 36 34 32 3 28 26
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@ The systematic uncertainty from different transport codes are estimated by adjusting the
yield of the secondary muons within +100%.
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Detection and acceptance Efficiency Correction

o 2D (n & pt) correction is applied;
@ correction matrices (effeorr) are built by p <—charm & p <—bottom via MNR predictions;
. . . . <ch
@ systematic error is estimated by comparing the corrected result from eff%;, ™ and that
fr f-fy.(—bottom
om éflcorr -
v
s T — input 3 —— input
— reconstructed | [— - —— reconstructed
a — corrected b — I — corrected
wh 10| S =
= wi =_
- L
- wr
MNR prediction, pp@ 7 TeV = MNR prediction, pp@ 7 TeV'
ucharm corrected w eff. of <botiom wk == J1bottom corrected w/ eff. of pecharm
| .
£ H g
| 1 SO B el | srarar—s ) N— —

the correction efficiency is not sensitive to the p; shapes of muons in p; > 2 GeV/c;

o the differences between the corrected results via efflsr '™ and that via effl$ Pottom i

data < 1%;

@ the systematic error from efficiency correction can be neglected.
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Systematic Error

Fu<HF, pp @\s=7 TeV, -4<n<-2.5, 2 GeVIc<pt<6.5 GeVlic

systematic error

a
AN L

0.8
total
0.6 777 background subtraction
g alignment: 2%xp,
0.4 [ detector response: 5%
C oA
Eooo oy, TR modpibies 20%
2 25 3 3.5 4 4.5 5 5.5

6 6.5
P, [GeVic]

@ background subtraction: from 20% to 7% with p;
o alignment: 2% X p¢;

@ detector response: 5%;

o model bias: 20%;

@ min-bias cross section: 10% (not included);

o total: from 29% to 24.4% with py;
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Preliminary Results

s L p—HF, pp @\/s=7 TeV
g - MUON triggered data
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The pQCD (FONLL) calculation reproduces well the shape and is in agreement with data within J
errors.
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Outlook: oB/P in pp @ 14 TeV via (di)muons

Simulated Results

Input distribution

Input distibution
B Reconstructed distributin single muons B Reconstuctea distribution single muons
¥ Reconstructed distibution dimuons

] systomatern

Statistical error

¥ Reconstructed distribution dimuons.

] sysamsnern

Statistical error

Charm Bottom
-
LN
El
e ™
e @ﬁ

s 1 |

1 L L L
15 20 25 30 5 10 15 20 25 3
D p:""‘ (GeVic) B p:"'" (GeVic)

@ input distributions are well reconstructed;

@ nice agreement between single muon and dimuon channels;

@ systematic errors are 20% for B and D in the single muon channel and, 15% for B and 20% for D in the
dimuon channel;

@ 92% (33%) of 6 (cP) is reconstructed via single muons and, 84% (34%) of o (o) is reconstructed
via dimuons;

@ this analysis procedure is currently applied to pp data at 7 TeV.
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Conclusion & Outlook

Conclusion

o The differential production cross section as a function of p; of muons from HF have been
measured in 2 GeV/c< pr < 6.5 GeV/c, —4 < n < —2.5;

@ results are consistent with the FONLL predictions within errors.

o Analyze higher statistics in data;

@ improved alignment already deployed will allow to extend to higher p;;
@ improve the systematic error estimation for background subtraction;
@ cut off secondary muons to decrease the systematic error;

@ use other methods to subtract primary muons for cross check;

@ separation of D and B meson decay muon cross sections.

Thanks!

. M. Zhang (LPC, IOPP & QLPL) RQW 2010, 25-28 October 2010
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Normalization

@ We use the MUON triggered data (CMUS1B) for larger statistics, the min-bias triggered data (CINT1B)
is used for cross check;

@ |} ©
Fl S H r f 3
ik 5w
£ 1t ALICE Performance ALICE Performance
% F —— 05/10/2010 ———.05/10/2010
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10— ~4<n<-2.5 —— — 0= aa<25 e
E 171<0,, <178 ™ e E 171<0,, <178
ol w/ trlgger matching ++=|= Cwl tngger matching
E min. bias triggered events -+ r min. bias triggered events
. 1E=—=7= MUYON triggered events |_—— MUON triggered events )
Fos[— H 2
F o 5
4—HrJr ‘
F z §
ozf- 12 :
! 2 3 4 ° P [GSV/C] 38 36 3.4 32 E) 28 26 T]m

o the shapes of p; & 7 are the same in min-bias triggered events and MUON triggered events;
o the min-bias triggered events are normalized as:

2 K
oentie _ 1 % g V0and « 1 d*Newr1s .
dp:dn Ngnmig  0.78 X pileup € dp:dn
o the MUON triggered events normalized by scaling the spectrum to the min-bias triggered
events:
2 _H VOand
doenrie _ L NghTie «_ gan N 4 NCINTIB
dp:dn N¢nTiB NM‘l(JSlB 0.78 X pileup € dp:dn
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