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Abstract. We report recent results from the ALICE experiment at the LidCminimum bias pp collisions.
This overview includes results on inelastic cross sectigth analysis of single and doubleffiactive events; the
study of hadron production mechanisms, both for inclusive identified particles; Bose-Einstein correlations;
and fluctuations ifpr).

1 Introduction 100

While the main focus of the ALICE experiment [1] at the 80
LHC is the study of relativistic heavy-ion collisions, AL-
ICE also has a rich and unique proton-proton physics pro- =
gramme, arising from its design. The use of a moderate c 60
magnetic field (B:0.5 T) in the barrel region coupled with ‘;
little material close to the interaction point (7% perpen- £
dicular to the beam direction) allows the study of particle o
spectra down to very lowpr (~100 MeV/c). In the barrel
region ALICE has extensive particle identification capabil
ities, for charged hadrons via measurements gdg i the
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inner silicon detector (ITS) and Time Projection Chamber ol = 3 Pre"min?z'
(TPC), in the time-of-flight detector (TOF), and by a de- 10 1O\FS(GlgV) 10
voted transition radiation detector for electrons.

Results summarized here are primarily from data col- Fig. 1. Inelastic cross-section as a function of collision energy.
lected in 2010 pp run at/s=7 TeV, with a total of 300  Data are compared with the predictions of [4] (solid blacie}i
million events analyzed, collected with a minimum bias [5] (long dot-dashed pink line), [6] (short dot-dashed bline)
trigger. The trigger requires a hit in the inner silicon de- and [7] (dotted red line).
tector (SPD) or in either two scintillator counters arrays
(VZERO) positioned at23.3 m and 0.9 m from the inter-
action point, close to the beam pipe. The minimum bias
trigger essentially requires at least one charged particle

anywhere in 8 units of rapidity. Data collectedi§=2.76 & Van der Meer scan method, which was applieche7

TeV in 2011 have been also analyzed, with a total of 6 ; Y
million events. Section 2 present measurements related to-zrg\l/l"’mp‘ii ,{2:76 Tet\)/ ' W't(;‘ thetlr;att?/rzslg;%pgrftorr?ed in Marcr:j
inelastic cross section andfiilaction, while section 3 re- - A lrigger based on the etector was used.

ports several measurements studying production mecha:rhe cross section for production of at least one charged

nisms, taking advantage of particle identification capabil particle \.N't.h pr >0.5 GeVic in the pesudorapidity region
ties of the detector. Section 4 presents general events chatll <0-81s in good agreement between LH(.: experiments
acterstics, obtained by means of Bose-Einstein correlstio and .results In the measurement of the_ total inelastic cross-
and studies of fluctuations {pr ). Other proton proton soft section shown in Fig. 1, compared with results from AT-
QCD topics actively studied in ALICE and not reported L_AS and (.:MS' T_he TOTEM measurement recently pub-
here include the study of° yield to constrain the gluon lished [3] is also n agreemgnt. , ,
fragmentation function and characterization of undedyin For the analysis of the inelastic cross section ALICE

event observables. Results related to heavy flavours in proUsed three subdetectors: the VZERO, the silicon pixel de-
ton proton collisions are presented elsewhere in this con-€€tor (SPD), and the forward multiplicity detector (FMD),
ference [2]. an array of silicon sensors at Iarg_e_rapldlty. Wlth_ the ad-
dition of the FMD the pseudorapidity coverage is 3.7
n <5.1. Due to the geometry of the detectors used it was
possible to define one and two-arm triggers and to study
the pseudorapidity gap pattern of the tracks obtained from
To obtain the total inelastic cross section for pp collision (e évent vertex and a hit in SPD, VZERO or FMD. With
the cross section of a reference trigger process was meathis téchnique ALICE measured the relative fraction of sin-
gle diffractive (SD) and double firactive (DD) processes.

@ e-mail:pietro.antonioli@bo.infn.it Since the non-diracted proton in SD processes is outside

sured. This is needed to scale the normalization. The re-
ference cross section has been obtained by means of the

2 Inelastic cross section and diffraction
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Fig. 3. Double difractive cross-section as a function of collision
energy. Predictions are from the same models as in Fig. 1
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detector acceptance in ALICE, the measurement is model
dependent. PYTHIA and PHOJET Monte Carlo generators
were tuned using the model described in [4] to provide the
SD cross-section dependence on th&ratted mass. 3
The result for SD and DD cross section are shown in w0 E
Fig. 2 and 3, compared with previous measurements at s N
lower center of mass energies. There is good agreement be- e
tween ALICE and UAS5 at/s=900 GeV. Within the errors, o i i i i
the theoretical models broadly describe the data, though ' ' " p,(Gevio)
they all have a dificulty to fit the data simultaneously at
lower and higher energies, especially for DD processes.
The ratio ofosp andopp with respect to the inelastic cross
sections is constant within the uncertainty. Further detai
can be found in [8].
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Fig. 5. Measured proton spectra compared with pre-LHC and
more recent MC tunes.

3.2 Identified particle spectra

The ALICE experiment, using its particle identification ca-
pabilities, provided preliminary results for identifiedrfia
) ) cles spectra for pions, kaons and protons. These are based
3.1 Inclusive production on individual or combined measurements made by its ITS,
TPC and TOF detectors in varioys ranges. A Lévy-
Charged multiplicity and inclusive spectra of charged par- Tsallis function fits the data and allows to extrapolate the
ticles have been extensively studied by ALICE, which has yield down topr=0. Comparisons are made with several
reported results at fierent collision energiesy(s=0.9 [9], Monte Carlo codes. PYTHIA tune Perugia 2011 shows
2.36[9], and 7 TeV [10]. During 2011 a low-energy run at good agreements with kaons and overestimates the pion
4/s=2.76 TeV was undertaken to provide accurate norma-yield, while the proton description is in good agreement
lization for Pb-Pb data which were collected at the same with data above 0.7 GeV as seen in Fig. 5. The study of
center of mass energy. The observed charged pagiicle particle ratios (shown in Fig. 6) challenges Monte Carlo
spectrum is shown in Fig. 4, together with previous mea- tunes. No discernible energy dependence was obtained for
surements. A modified Hagedorn function successfully fits the particle ratios, when compared with existing measure-
the data, with 7" power law at highpr (above 3 Get). ments made by PHENIX, STAR, E735 and UA5, while
Note the lowpr reach of the detector, which has been used the (pr) showed a modest increase with energy for pions,
to find discrepancies with pre-LHC Monte Carlo tunes be- kaons and protons, consistently with a a linear expectation
low 0.5 GeVc [9]. from a simple linear scaling.

3 Production mechanisms
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Fig. 6. Kaon to pion ratio compared to various MC generators.

3.3 Strange and multi-strange hadrons

Hanbury-Brown Twiss radii, and their dependence on va-
rious observables, may shed light on the spatial scale of
the emitting source. This femtoscopic analysis in pp col-
lisions is able to obtain precise data on 'elementary’ sys-
tems. High-multiplicity pp collisions at the LHC have par-
ticles densities comparable to that measured at RHIC in
heavy ions, and a direct comparison of the freeze-out sizes
of systems with very dierent initial states is therefore pos-
sible.

The correlation function for identical pion pairs is de-
fined asC(q) = A(q) /B(q), whereA(q) is the measured
two-pion distribution of pair momentum fiierenceq =
p2 — p1, andB(q) is the equivalent distribution obtained
by using pairs of particles coming fromftérent events. A
guantitative analysis of the correlation functions alldines
extraction of the sizes of the emitting source (HBT radii)
Ry Rou @nd R, which are oriented along the beam

Particle identification methods were combined with weak a?<|si alonghthe Ea'r tran's:ve”rze mlomenﬂél]nanqbpsr_perll—l
decays topological technigues and invariant mass analyseg'Cu ar to the other two. Full details are described in [11].

to identify and study strange and multi-strange hadrons.
PYTHIA tune Perugia 2011 provides good predictions for
kaons, but the agreement is not yet satisfactoryzfoand

=, in particular in the intermediate (1-5 G&Y pr re-
gion as seen in Fig. 7. The agreement at hjgh(6-9
GeV/c) is good for==*, but further statistics is needed for
Q*. It should be noted that the Perugia 2011 tune opti-

Fig. 8 shows dependence of the HBT radii on the pair
transverse momentum, for various event multiplicities. We
observeRS, andR¢,, decrease witlir at large multiplic-
ities, while RIGonq falls at all multiplicities. In heavy ions
collisions the decrease witty is a signature of collective
motion. While the observed behaviour in pp is qualitatively
similar, the diference seen in particular for the transverse

mizes strangeness production using early LHC measureradii shows that a radial flow interpretation cannot be ea-

ments, including from ALICE. However, it underestimates
the production of strange resonances>aandK*°, while
various MC tunes shows better agreement witlespe-
cially PHOJET. The dferences are mainly related to ba-
ryons productions, suggesting the possible presenceeif oth

hadronization mechanisms, like quark coalescence, which
have been proposed to explain the enhancement of the yield

ratioA/Kg reported in heavy ions collisions.
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Fig. 7. Q* and £* spectra measured at ALICE, compared with
Perugia 2011 tune.

4 Bose-Einstein correlations and
fluctuations

Bose-Einstein correlations of identical boson pairs (pion
or kaons) have been studied by ALICE. The extraction of

sily inferred.
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Fig. 9. HBT radii as a function of charged pseudorapidity density.
Results from pp and heavy ions collisions are compared.
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Global event characterization was also studied mea- 10 20 30 40 50 60 70
suring fluctuations ofpt) in pp collisions. This observable Naco
:’Esir?s),(tz(iar:: tc‘;ec()jrrtglat;ﬁ)r?s r;]rlur(]:iart’r? i?]i?j}étfs\/(\)lgﬂﬁgydﬁjggfétgﬂzea (9: 11. Relative fluctuations: comparison of ALICE pp data with

- . . generators.

of (pr) event-by-event over all tracks pairs, via a parti-
cle correlatorC,, defined as a function of the number of
accepted tracks. For purely statistical fluctuations this o
servable is expected to have a null value. Once the va-References
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