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» ALICE experiment at CERN LHC

+ Motivation for doing the pp measurements
+ Trigger, data samples and event classes
+ Detector performance

@ The first results :
Multiplicity

Charged particle spectra
Baryon production
Bose-Einstein correlations
Identified particle spectra preliminary
Jet and underlying event properties
Heavy Flavour production

published
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]- In preparation
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Detector configuration 2009/2010 :

@ |TS, TPC, TOF, HMPID, MUON, VO, TO, FMD, PMD, ZDC (100%)
@ TRD (7/18) =

@ EMCAL (4/12)

@ PHOS (3/5)

ABSORBER

Detector: Collaboration:

Size: 16 x 26 meters > 1000 Members
> 100 Institutes
> 30 countries

Weight: 10,000 tons

I. Belikov CPOD10, Dubna, Russia, Aug. 23 - 29 2010



Physics motivation in pp

@ The main goal of the ALICE experiment:
properties of strongly interacting matter (QGP)
created in HE nucleus-nucleus collisions
+ Necessity of the hadronic reference for the observables

2 Understanding the particle production in the new
energy domain
+ Comparison with models

@ Search for collective effects at the partonic level
+ Multiplicity dependence of the measurement results




Trigger and data samples o]

@ “Minimum bias” trigger: at
least one charged particle in 8
units of n  (All ALICE is read
out)

+ SPD or VOA or VOC

@ “Single-muon trigger” (MUON,
SPD, VO, FMD, ZDC are read
out)

+ MUON in coincidence with
the “minimum bias”

@ Both in coincidence with the
Available statistics: BPTX beam pickup counters

2009 (0.9 and 2.36 TeV): ~ 0.5 M min. bias
2010 (0.9 and 7 TeV): ~400 M min. bias(~15 M MUON trg)

I. Belikov CPOD10, Dubna, Russia, Aug. 23 - 29 2010



lli!ic Event classes o
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0.9 and 2.36 TeV 7 TeV
@ INEL and NSD @ Diffraction is quite unknown
@ Use measured cross sections @ Hadron-level definition of
for diffractive processes events (similar to ATLAS:
S CEreE N GEE ey Phys. Lett. B 688 (2010) 21)
fractions (SD/INEL, DD/INEL) + All events that have at least

one charged primary particle
in [n|<1 “INEL>0"

+ Minimizes model dependence

so that they match these
fractions

@ Use Pythia and Phojet to
assess effect of different
kinematics of diffractive
processes

INEL: MB,; (SPD or VZEROA or VZEROC) and offline background suppression
NSD: MB,,, (VZEROA and VZEROC) and offline background suppression
INEL>0: INEL and at least one charged primary particle in |n| <1
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ALICE detector performance 3%
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Multiplicity measurements ™
(Done with SPD, r ~4 and 7 cm)

@ Pseudo-rapidity densities and multiplicity distributions:

+ 0.9TeV: EPJC Vol. 65 (2010) 111
+ 0.9and 2.36 TeV: EPJC Vol. 68 (2010) 89
+ 7 TeV: arXiv:1004.3514, accepted by EPJC

@ Multiplicity distributions well described by single negative

binomial distributions and consistent with the results by
other experiments.

¢ om, OMS Preliminary 2.36 TeV -
- . . : : = 4 i, oCMS i
2"" —E_.:. EPJ C: VOI. 68, ]_ (2010) = I"r”'u,,, kil <24 (x10000) _E
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IPHC|  Multiplicity: dN_/dn vs Vs OF)

-

Institut Plyr
H b tCURIEN
STRASBOURG

_g ‘ """'_l LR I ' ' ' I ' ' ' I
- = UA1 (pp) NSD .
; RN Egg; Nen i ALICE  INEL>0 [n|<1
B gl . STAR (pp) NSD ¥ N O me 0.9TeV — 2.36 TeV
- | ° CDF (pp) NSD - = 09TeV - 7.0 TeV
= CMS (pp) NSD 1
N ALICép(E))p) NSD || PHOJET . "
4 1| PYTHIA . .
L i Perugia-0
2‘_ s {?ES(D@ lmIEEIL 1| PYTHIA . .
HEE y PhoHSS (pp) INEL | J | ATASE5¢
- = ALICE (pp) INEL | 4|  pPYTHIA
i ¥ ALICE (pp) INEL>0 | | or 0 .
T TS I NP
arXiv:1004.3514 Energy \s (GeV) arX1V 1004.3514 Increase (%)
Power law dependence fits well ~ s** Significantly larger increase from
0.9 to 7 TeV than in MCs
Increase in dN_,/dh Vs ALICE (%) MCs (%)
in [n| <1 for INEL > 0 09->236TevV [233+04 71 [15-18
SN2, 0.9> 7 TeV 57.6+0.4 36 | 33— 48
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IPHC| dN_, /dp, vs other experiments
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—> ALICE measures harder spectrum than CMS, ATLAS, UA1
(narrower window at central rapidity)

I. Belikov CPOD10, Dubna, Russia, Aug. 23 - 29 2010



IPHC| <p.> vs multiplicity vs MC 3
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~ Perugia-0 (fails for multiplicity) describes well <p >, but only for p>500 MeV/c
(ATLAS found agreement for p, > 500 MeV/c)

- Phojet (describes multiplicity) fails for <p >

I. Belikov CPOD10, Dubna, Russia, Aug. 23 - 29 2010



iPHC| P/p measurement at mid- %

A rapi d Ity
@ Baryon number transport by a \'s [GeV]
di-quark and/or a string junction o o 10 ,,“,1,,93 10t
g T 1
0 q u d a
Q.
SJ 0.8 , .
arXiv:1006.5432
u
u
0.6 s

- Valence quarks: Rossi and Veneziano, NPB123 (1977) 507 » ISR x BRAHMS
(strong suppression with Ay) 0.4 o NA49 o PHENIX |
- Gluonic field: Kopeliovich and Zakharov, ZPC43 (1989) 241 + = ALICE o PHOBOS
(weak suppression with Ay) o * STAR
0% "3 4 5 6 7 8 9 10
@ Proton identification with TPC dE/dx Ay
@ Special care for secondary particle a,=0.5 ( fixed)
contamination and absorption ; 1 S
corrections P TGS —>9a, =1.2 (fixed);
@ pbar/p at|y| < 0.5 and | C=10.0£1.0

0.45 < p,< 1.05 GeV/c

I. Belikov CPOD10, Dubna, Russia, Aug. 23 - 29 2010



IPH p/p measurement vs MCs | o |
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pp @\s =0.9 TeV

standard Pythia

P/p ratio

0.9 TeV: p/p = 0.957+0.006(stat) +0.014(syst)
7 TeV: p/p = 0.990+0.006(stat) £0.014(syst)

@ Data described well by
PYTHIA ATLAS-CSC

@ Other models (HIJING-B,
PYTHIA Perugia-SOFT)
underestimate the data

@ Conclusion: The baryon 0.9/ —=— Data -
number transport over large | = PYTHIA 6.4: ATLAS-CSC
rapidity gaps 1S Strong|y ogl PYTHIA 6.4: Perugia-SOFT |
suppressed. | T HIJING/B

(Accepted by PRL) 03 06 0.8 '

r
P, [GeV/c]

I. Belikov CPOD10, Dubna, Russia, Aug. 23 - 29 2010
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Bose-Einsteln correlations
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@ Assess the space-time
evolution of the system that
emits particles in pp
collisions

@ Measure the Bose-Einstein
enhancement for pairs of
pions (identical bosons) at
low momentum difference
qinv=|p1_p2|' Vs. event
multiplicity and
pair ki = [Py +Py,l/2

@ Fit with a Gaussian

Clg,,)=1 +Aexp(—quﬂg)

. M;E . T=M=11 _M=12
" 16k expeariment ,
¥ ;sirﬁulaﬁnn 09 TEV5 @

1] 1}21}41]61}8 1] 1]21]41}61]5 ﬂ DEH#HEI}B 1
qw[Ga".-’.fc]l

q_ (Ge\ic)

q_ (Ge\ic)

OF 0> 4>5Z°0

sl
L

0= 4550 550> ¥=0F0

n‘uﬁnm 0

Gz'0>"4>010
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IPHC|  BEC vs other experiments
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1] 5 10 15 20 1] 0.2 0.4 0.6 0.8 1

ﬁdN_:h.fdr-l:— =k = (GeVic)
@ Radius grows with dN_/dn @ No visible k, dependence

(base line !)
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ldentified particle spectra ™
IPHC at 0.9 TeV »
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iPHC NIK°, ratio at 0.9 TeV a8
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5“1 4= STAR pp@200GeV —=— UA1 pp@630GeV ]
= [—e— CDF —s— CDF pp@1800GeV ]
s, I e ALICE pp@900GeV >, ALICE prelimina .
L 1.2 PP @ P _r'.'!!' |
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- very good agreement between STAR (200 GeV) and ALICE (900 GeV)
- very different from CDF (630/1800) and UA1 (630) for p, > 1.5 GeV

- UA1(630) and CDF(630) don’t agree either ...

to be further investigated (different triggers, acceptance, feed-down correction ?)
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@ and K at 0.9 and 7 TeV
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Kaon-Pion invariant-mass spectrum (like-sign background subtracted)

pp 0.9 TeV

K* - K’
K* > Kn*

Fit parameters:
m = 895.6 + 3.8 MeV/c?
I =66+ 13 MeV/c?

ALICE Performance
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PDG parameters:
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I =50.3 £ 0.6 MeV/c?
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g - T T reconstructed |

i Electron ID |n TPC S 6000 scaled Background |
.. E n'l]' 7 Tev ALICE Performance E

+ TRD to join soon 5000 work in progress

@ Conversion reconstruction in 4000 N
TPC+ITS - -

. . 3000 — —

+ also very important for material i .
budget scan 2000— E

@ For  and n: double conversion 1000 — =
I -400 3(:'0 200 100 N 0 . 100 200 3-[][] -100 50() cm 0_ i

300 300 2 e \ \ ] \ \ —
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IPHC| Prospects for m°: calorimeters GF)
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iPHC High p_and Jets D
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@ Charged-track jets raw

spectra 0.9 and 7 TeV

+ |n|<0.5
+ Four jets algos compared
+ uncorrected

] e UATR=04 ({3\
$10° LA B B :‘:..1‘]5 — tracks :
3 %) o e Antik, R=0.4
= 10° ® UAIR=04 i T 40° - « R=04
;' — tracks Z ¥ ¢ Ky RTL ALICE Performance

L= = AOE A
3 10 o Antik R=04 ALICE Performance 10° EE,., * SISCONER=0.4 15/05/2010
° .0 o GR=04 07/05/2010

 SISCONER=04 102
10?
10
10
F
‘ T ﬁO 9 TeV k H
) e |
101 20 ﬂ 50 6 1“'1I.IJ.I.III.III.III.IIJ.IIJ.IIJ.II].

p, (GeV) 0 10 20 30 40 S0




iPHC| High p, particle correlations | @)
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=7 TeV 8<p, -::10@15-::p :150

10 Neag side

23

-cg A Away side
v~ T 2

=z

15
Trlg ger partlcle Trlgger
. R__NTRR__ v | |
0 0.5 1 1.5
Ao [rad/x]
Trigger Particle: highest p.. particle in event (p,,)

Associated Particle: all the others (p,,)




iPHC| High p_, UE structure vsMC | Q)

o
Institut PIurldlsalenalre
CURIEN
STRASBOURG
ALICE limi ALICE limi ALICE limi
3 ' + Data - g ' e Data - % e Data ' -
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T © S OF
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(Statistical error) (Statistical error) - (Statistical error) _HEHEH.
1 1 e _,_.-._:“::,‘_‘_: esese -'ﬁ%n.n
_H_r-l" mk .—r'_'_‘ '—L‘_‘_‘_
T,
....Il“"“"“"“"““.-....C.-C!:Ea;!d h%a;::.....
" ===l sl
0.5 GeV/c < p; . < 2.5 GeV/c 2.5 GeV/c < p;x < 5 GeV/c 5 GeV/c < p; . < 10 GeV/c
L e S A i A I e e e A B e B R e L e e S i o A M
-4 -3 -2 -1 0 1 4 3 2 -1 0 1 -4 -3 -2 -1 0 1
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< T |
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o o
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s 1
* Data e Data
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@ Inclusive Ag correlations wrt the leading track
@ For p,<10 GeV/c, the data are less “back-to-back-ish” than MCs

I. Belikov CPOD10, Dubna, Russia, Aug. 23 - 29 2010



IPHC Jlu>ee, n|<0.9
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@ e PID from TPC
+ TRD and EMCAL calibration is ongoing

Nygrm = 599

"""" Slgﬂlfwﬁaﬁﬂe =g, ?2"'114 a Cce pta n Ce to pt= O
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LICEPerformance ........... ............ Mass ........ 3 076 +0009Gevfc ....... A LI c E
J une 1st, 2{}1 0 : i

30

25

Counts [/45 MeVic?]
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o |/, -4<n<-2.5

ALICE Performance

20/07/2010 acceptance to pt=0

ALICE
10°
| ptpat\Vs=7TeV +
100, = 94 T 4 MeV/e®
: 1 | | | | 1 1 1 | | 1 1 | | | | | | | | | 1 | |
2 2.5 3 3.5 4 4.5
M,, (GeVic?)

I. Belikov CPOD10, Dubna, Russia, Aug. 23 - 29 2010



IPHC Forward J/U—-> pu (%%\

Institut PIurldlsalenallFrﬁ o 12
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IPHC| charm: Do, D+, D*+ at 7 TeV

&
ppVs=7 TeV, 1.41 x 10% events, p°‘>2Gewc
@ Signal in the p_range 1-15 GeV/c T ke T T ]
£ [ ALICE Performance -
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|P|-|C Heavy flavour from single leptons | £
Single electron inclusive spectrum (uncorrected) N
v =4 + =7/ TeV
S 5L PP @\/S=7 TeV st - P+p @Ns ©
g - 1o evens e ALICE Performance
% C 2 T . 14/07/2010
%an B . ALICEfI;ng%mance & r ——
c o0 o %103:— + .
10* — — E - 4
: e i L
- - — g %|%:02 _je—charm & bottom e .
T T - uncorrected p, distribution RS
0.5 1 15 2 2.5 3 3.5 - t
p. [GeVic] R A T RO T N S T SO NN S SR SR A R R
2 4 6 8 10 12
p. [GeV/c]
@ Electrons |n]|<0.9 @ Muons -4<n<-2.5
TPC dE/dx, K and p rejection with @ Light quark contribution
TOF subtracted with PYTHIA
TRD and EMCAL will join soon @ c & bto be separated by

I. Belikov

Displacement selection

fitting based on pQCD shapes
(in progress...)

CPOD10, Dubna, Russia, Aug. 23 - 29 2010
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@ Particle multiplicity

* /ncrease from 0.9 to 7 TeV significantly larger (>20%) than
predicted

@ Momentum spectra
*+ <p,> vs N_ not described by any of the MCs

@ Anti-proton/proton ratio at midrapidity

* pbar/p goes to 1 at 7 TeV = baryon number transfer
suppressed over large Ay

@ Bose-Einstein correlations at 0.9 TeV

* particle emitting source “size” increases with multiplicity
@ Event topology

* significant activity outside jets, inside the UE

@ Promising performance for ID spectra, strangeness, charm,
charmonium

* More strangeness than predicted (except @)

I. Belikov CPOD10, Dubna, Russia, Aug. 23 - 29 2010
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IPHC|  The first paper at LHC
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K. Aamodt et al. (ALICE), Eur. Phys. J C 65 (2010) 111

dN,,/dn for [n| < 0.5 dN,/dn vs n
T T T T T TTT T T T T T TTT | T T T T TTT | 5 T T T T T T T T T T
5% - | 2 ISR (pp) INEL = §__ B | | |
% 6—| & UA1 (pp) NSD — % B |
- | © UAS5 (pp) INEL - 4 . 4+7 \ -
| *» UAS5 (pp) NSD i L& LS + A LA A
| v CDF (pp) NSD _ -4 e +A 7}% i sla T % 47
4| © ALICE (pp) INEL _ 3 | agh BTA o
| | = ALICE (pp) NSD i B ]
i 1 2 -
L _J_’A,,&—-'ﬂ’ S=14TeV | | 1= m  ALICEppNSD & UA5ppNSD —
B - - o ALICEppINEL ~ UA5ppINEL .
B N B 1 | 1 1 | | ‘ 1 1 1 1 | | | 1 1 N
0 1 1 |||||02 1 1 |||\|||3 1 | \\|||||4 0_2 _1 0 1 2
1 10 10 5 (GeV) n

@ data collected 23 Nov, paper submitted 28 Nov
@ 284 events (~ 3.7 authors per event)

I. Belikov CPOD10, Dubna, Russia, Aug. 23 - 29 2010



IPHC Systematic uncertainties

LELL- dN_./dn

Systematic uncertainties in % 900 GeV |[2.36 TeV |7 TeV
Fractions ND/DD/SD* 0.5 0.3 1.0
MC dependence +0.8 +1.5 +2.8
Detector efficiency +1.5

Particle composition** +(0.5 - 1.0)
Material budget negl.

p; spectrum +0.5

SPD triggering efficiency negl.

VO triggering efficiency negl.
Background negl.

* Fractions changed at 0.9 and 2.36 TeV like in paper 2; at 7 TeV by 50%
** N-dependence




Unfolding using x?-Minimization (%\

L3

_ Regularizations
HM R_U
X ( ) zmH em H B ( ) R(U) — Zt(at)Z
U _U-U
* One free parameter per bin for a, = ——=—t__ul
unfolded spectrum U, v U"t VU,
* Regularization a, = U _U,+2U0 -Uy,

* Prefer constant locally JU, JU,

* Prefer linear function locally

* Weight parameter [3 needs to be
tuned

* X*ndf not larger than 1
* Keep bias low

V. Blobel, Yellow report, 1984




IPHC|  dN/dN_, vs Monte Carlo Ok

URIEN
STRASBOURG

I T e e e e e S 0 5 O A L J = F L O S S S| T
z Xiv:1004.3034 | *+ ALICE 1022 arXiv:1004.3034 | + 11 =2 F + ALICE ]
,5;:1 o } qa_r v:1004.3034 | D6T (109) o ?:1 o ‘_-“ _____ glél-l(-:(l:j] 09) il ?:10 e arXiv:1004.3514 | ..... D6T (109) E
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- Perugia-0(320) |1 8 L we e Perugia-0 (320) |1 | B1o2L S |7 perugia-0 (320) | |
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107 =  10°c - E E
c 3 g 3 10t =
- | Ns=0.9Tev ] [\ = 2.36 TeV ] E[ G=7Tev 3
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o B A ] i }
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s - IR e .
2 b7 118 = ] ]
505 4 gos - E
0
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Multiplicity ¥, Multiplicity N Multiplicity N

@ Phojet
+ provides a good description at 900 GeV
+ fails at 2.36 and 7 TeV

@ Pythia Atlas CSC
+ fails at 0.9 TeV
+ reasonably close at 2.36 and 7 TeV but deviations around 10-20

@ Pythia D6T and Perugia-0 far from the distribution at all energies

I. Belikov CPOD10, Dubna, Russia, Aug. 23 - 29 2010



Charged particle p; spectrum (%\

@ Track reconstruction in TPC (=160 hits) +ITS (=<6 hits)

¥+ p, measurement from TPC only (ITS-TPC alignment not final)

s (o(p,)/p,)? = (0.01)2 + (0.007p-)? %

@ Track selection: >
+ p.> 150 MeV/c, |n| < 0.8 S 08L ]
+ nhits,,c > 70, X¥/hits<4 in TPC T : - et
¥+ at least 2 matching hits in ITS 06 o 7]
[ -=-positives
@ atleast 1 in SPD 04 - --negatives B
@ 4.7 on average I
+ cut on transverse impact é 01 K _
©
parameter (70) E o = positives
© - = ti
@ From MC, cross-checked €005 | 5 T
. o Bay
with data: : T
*» Efficiency 50-80% N s s
+ Secondary cont. 9-1% 10” 1 10

I. Belikov CPOD10, Dubna, Russic



IPHC| Baryon number at midrapidity o]
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@ Valence quarks: Rossi and Veneziano, NPB123 (1977) 507
@ Gluonic field: Kopeliovich and Zakharov, ZPC43 (1989) 241

Conventional approach - QGSM String Junction

Within QGSM one expects an asymmetry BN transport even at large rapidity gaps
~0 at LHC energies (large energies).
U No BN transported at mid-rapidity from O Veneziano: Probability exponentially
the fragmentation region suppressed (a,: SJ intercept — model

dependent)

O Kopeliovich: Probability constant with

u d u d rapidity
u d
u u
SJ




|P"C Domeson reconstruction
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bert CURIEN
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@ Main selection: displaced-vertex topology
@ Example: D> KTt

+ good pointing of reconstructed D momentum to the primary vertex
+ pair of opposite-charge tracks with large impact parameters

@ Kaon ID in TPC+TOF helps rejecting background at low p,

T T 350 TTTT]
EN: O
. c 300-
p01nt1ng angle epOth .g - : ALICE \éao I<| g progress |
_O 250: Y 14/05/2010 :
1] 2 '
K o 200: x Data ]
do 14 : < 4 MC, residual misal.
T 3
150: §
- i
100¢ !;: i
impact parameters ~100 L m 50; “;"*‘ g, e * ]
- Primary vertex with beam constraint i o
0 | | | | |
10" 1 10
P, [GeVic]

I. Belikov CPOD10, Dubna, Russia, Aug. 23 - 29 2010



	Strangeness and Heavy-Flavours  within the ALICE experiment
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41

