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ALICE goal

ALICE is designed to study the physics of strongly interacting matter under extremely ALICE
high temperature and energy densities to investigate the properties of the quark-gluon
plasma.

* Proton-proton collisions:
* high energy QCD reference.
* collected pp data at Vs = 0.9 TeV, 2.76 TeV, 7 TeV,
8 TeV, 13 TeV (2009, 2010, 2011, 2012, 2016,2016)

* proton-nucleus collisions:
* initial state/cold nuclear matter.
* collected p-Pb data at Vsy, = 5.02 TeV (2012,
2013)

* nucleus-nucleus collisions:
» guark-gluon plasma formation!
* collected Pb-Pb data at Vs, = 2.76 TeV, 5.02 TeV
(2010, 2011, 2015)

ALICE has measured the yields of produced charged pions, kaons and protons in a wide
momentum range and in several colliding systems.



ALICE detectors: ", K* and p(p) PID
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ALICE detectors: 7", K* and p(p) PID
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ALICE epr0|ts the combination of dn‘ferent
particle identification (PID) tecniques
e Energy loss (ITS, TPC)
* Time of flight (TOF)
* Cherenkov radiation (HMPID)
* Transition radiation (TRD)
* Calorimetry (EMCal/DCal, PHOS)

* Topological PID
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Particle Identification in ALICE:
momentum ranges

“Relativistic rise”
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HMPID performance

eThe ALICE-HMPID (High Momentum Particle Identification Detector) performs charged particle
track-by-track identification by means of the measurement of the emission angle of Cherenkov
radiation and of the momentum information provided by the tracking devices.

e |t consists of seven identical proximity focusing RICH counters.
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PID procedure with HMPID

Identification on statistical basis: low multiplicity events

the particle yields are evaluated from a three-Gaussian fit to the Cherenkov angle distribution in a narrow
transverse momentum range. The function used is the following:

<0, > = means of the Cherenkov angle
_(6-(0,))° _(0-(6)) _(9-<‘9p>)2 distributions
f(lg) Yﬂ 2052 + K 20% + Yp 20, 6, = standard deviation of the Cherenkov
=——"——¢ ™ —= ¢ —¢ T
[ f [~ angle distributions.
O'” 27 Ok 21 Op 2 Y; = integral of the single Gaussian functions

* 9 parameters to be calculated, the three mean values, the three sigma values and the three yields.
* Mean and sigma values are know and fixed in the fitting.

pp event display

- 07 -
© F HMPID - pp at \s = 7 TeV - 2010 data 3
g 400 + =
g 3505_ 25GeV/c<p <26 GeVic :Té _E
S 300 F —P =
250 =
. E ALICE =
200 F PERFORMANCE -
. - 16/11/2013 =
) — 100 R
50 [ =
0,: peeesy N i — L "~
056 058 06 062 0.64 066 0.68 7

0.
Cherenkov angle, 6, (rad) 7

Q



PID procedure with HMPID

Identification on statistical basis: high multiplicity events (central Pb-Pb collisions)

* the three Gaussian distributions in a given transverse momentum bins are convoluted with a background
distribution;

e Such distribution increases with the Cherenkov angle value;

* Itis due to mis-identification in the high occupancy events:

larger is the angle value larger is the probability to find background;

* In the yield extraction procedure the background function has to be convoluted with the three-Gaussian

one.
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purity

PID procedure with HMPID

Identification on track-by-track basis

From the knowledge of the expected Cherenkov angle value and the expected theoretical standard
deviation, it is possible to calculate the values of two PID estimators:

units;
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ALICE charged hadrons yields evaluation strategy

ALICE

* To measure the production of pions, kaons and protons over a wide p; range, results from five
different independent PID techniques/detectors, namely ITS, TPC, TOF, HMPID and kink-topology (for
kaons), are combined.

* In their overlap p; regions the spectra from the different PID techniques are consistent within
uncertainties:
* the results are combined in the overlapping ranges using a weighted mean with the independent
systematic uncertainties as weights.

* The HMPID constrains the uncertainty of the measurements in the transition region between the TOF
and TPC relativistic rise methods (around p; = 3 GeV/c). It both improves the precision of the
measurement and validates the other methods in the region where they have the worst PID
separation.
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Ratio

/K HMPID || p HMPID

n, K and p spectra, resulting from
the combination of the information
provided by 5 different analyses
(dE/dx, TOF, Cherenkov, kinks
topology for kaons).
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* (K" +K)/(m" + 1) and (p + p)/(* + 1)
ratios as a function of p; compared with
some event generators.

 (K*+K)/(mt* + i) ratio increases from
0.05 at p; =0.2 GeV/c up to 0.45 at p; ~
3 GeV/c with a slope that decreases with

increasing pr.
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Charged hadrons spectra: Pb-Pb 2.76 ATeV
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Charged hadrons spectra: Pb-Pb 2.76 ATeV
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Charged hadrons spectra: Pb-P

0 2.76 ATeV
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Charged hadrons spectra: p-Pb 5.02 TeV

Physics Letters B 760 (2016) 720-735 RALICE
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Charged hadrons spectra: pp 13 TeV
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Deuteron identification

Deuterons vyield is not enough to allow % 107 "0 T
measurements in HMPID but in central 3 L P ALICE
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Deuterons identification

Deuterons vyield is not enough to allow % 107 "0 T
measurements in HMPID but in central gmef_ Fr ALICE
(0-10%) Pb-Pb collisions, by means of « jsb % £ Z:,frz,itﬁgoijﬂev
statistical unfolding on the mass distribution o .t BV p>1.5GeVic
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Conclusions

L ALICE successfully collected the pp, p-Pb and Pb-Pb collisions data provided by
LHC.

O Inclusive hadrons spectra are relevant tools to study the properties of the medium
created in the high energy collisions.

 HMPID detector presented so far optimal PID performance, successfully
participating to the ALICE physics program
[ by means of statistical unfolding HMPID data constrains the charged hadrons
measurements in the p; region around 3 GeV/c where other technique
present poor capability.
1 Results from LHC RUN1 data has been presented; RUN2 data analysis already
started, more results in the next future.

O Track-by-track identification with HMPID is exploited for two particle correlation
study to evaluate protons/pions ratio in the bulk and jets.
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e F
A primary track extrapolated from the 3 o
internal tracking devices has to match with £ 7|
a MIP cluster. This is mandatory for an : ALICE
efficient reconstruction in events with high o e
occupancy in HMPID ‘3—
O For every cluster in the event, the i3
Cherenkov angle is evaluated (if exists) o b AR
impact track parameter Py (GeVic)
(X,Y) — ((X YpoIp> )’ nc) Dtrk-MIP (Cm) quartz window
cluster coordinate | photor) cluster
l Cherenkov
b o I
solution in one dimensional \
mapping space 1, proximity gap

The pattern recognition (based on Hough Transform) tends to find the «best» pattern
(according to the impact track parameter) with the highest number of photon candidates
(more efficient when bkg is not negligible) 24
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Inclusive hadrons spectra: pp 2.76 TeV
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Intermediate pT comparison with EPOS .
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K. Werner, PRL 109, 102301 (2012) “fluid-
jet interaction”. Works over the entire p;
range.

Hydrodynamical phase + hadronization
processes at intermediate p; where the
interaction between bulk matter and jets

is considered l

Baryon-meson effect where a quenched
jet hadronizes with flowing medium
guarks

e centrality dependence well
reproduced, even for very
peripheral events.

* magnitude of both the p-to-m
and the K-to-m peak is
overpredicted.



Intermediate p;: comparison to RHIC

ALICE
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* The p-to-mt peak at LHC is approximately 20% larger than at RHIC,
consistent with an average larger radial flow velocity.
* The K-to-mt ratio measured by PHENIX is similar to the ALICE one
9



Particle ratios in p-Pb collisions
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* p-to-mt ratio:
* shows a peak, which is more pronounced for higher multiplicities
* drops to 0.1 at high p;(as in Pb-Pb)

* K-to-1t ratio:
* saturates at 0.5 for high p; (as in Pb-Pb)

* does not shows strong multiplicity dependence .’



The pion R,, at RHIC and at LHC
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ALICE results are below the PHENIX values
Centrality evolution very similar
Energy loss is "scaled up” at the LHC
* the pp spectra at LHC energies are significantly harder, so a larger energy

loss is needed to get a similar R,,.
14



Particle ratios in Pb-Pb collisions at high p-

ALICE \sy = 2.76 TeV
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0 _ The behavior at high
st | gh pr

(pr>10 GeV/c) is
independent of centrality
(and the same as in pp
collisions)
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The ALICE experiment is optimized for
charged particle tracking
and hadron identification for |n|<0.8
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Particle ratios compared to models

ALICE
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Krakow+HKM: hydrodynamic (low p;) models

Fries: recombination

3 quarks = baryon,

2 quarks - meson

EPOS: hydrodynamics (low p;) - medium modified fragmentation for

quenched jets (intermediate p;) - vacuum fragmentation (high p;)
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Comparisons between the different colliding
systems: high p particle ratios in p-Pb and Pb-Pb

ALICE

IIIIIIIIIIIIIIIII'IIIIIIIII lIIIlIIIIIIIIIIIIIIIIIIIIIIII-I

i % p-Pb, | s, = 5.02 TeV Pb-Pb, \ Sy =276 TeV |

. Fo o 1
aTde t05% ~4-0-5%

PRELIMINARY + 60'800/0 + 60_800/° .

08~ PLB728, 25 (2014) PRC88, 044910 (2013) 7

0<ycms<0.5 for p, <30 GeV/c 1V e <0-5 for p_< 3.0 GeV/c .

- Preliminary arXiv:1401.125 :

0.6_— 1Y sl <0-3 for p, > 3.0 GeV/c 1Y ¢ms!<0-8 for p_> 3.0 GeV/c 7

I VOA Multiplicity Classes (Pb-side)

(p+P)(m+7)

|||||||1||1||||||1||||||||-
2 4 6 8 10 12 14

30



(p+P)/(n*+1)
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When the p/m ratio in the
peak is corrected for bulk
effects using an n gap
one finds that the ratio is
dominated by the bulk.
So the ratio does not
seem to be driven by
hard physics.
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