


TPC relativistic rise dE/dx

Michael L. Knichel Quark Matter 2014, 19.05.2014 12 .

• fit of 4 Gaussians (π, K, p, e) in intervals of η and pT

• peak positions and width fixed from identified particles 

• π, K, p spectra on statistical basis for 3 < pT < 20 GeV/c
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Identified hadron spectra in p-Pb collisions

Michael L. Knichel Quark Matter 2014, 19.05.2014 13 .

• multiplicity classes from V0A detector

• spectra combined from low-pT and high-pT analysis

• harder spectra for higher multiplicities

• mass ordering of π, K, p: harder spectra larger mass

π K p

p-Pb



Identified hadron spectra in Pb-Pb collisions

Michael L. Knichel Quark Matter 2014, 19.05.2014 14 .

• shape of the spectrum in Pb-Pb differs from pp reference

• difference most pronounced in central collisions

ALICE Collaboration, arXiv:1401.1250 [nucl-ex]

π K p

Pb-Pb



Identified hadron ratios p-Pb

Michael L. Knichel Quark Matter 2014, 19.05.2014 15 .

• no multiplicity dependence in K/π

• K/π ratio reaches ~0.55 at high pT

K/π p/π

• enhancement of protons at intermediate pT (2-6 GeV/c)

• p/π ratio ~0.1 at high pT

• results from low-pT (< 3 GeV/c) and high-pT (> 3 GeV/c) analysis

p-Pb



Identified hadron ratios in Pb-Pb collisions

Michael L. Knichel Quark Matter 2014, 19.05.2014 16 .

• p/π up to ~0.8 around pT = 3 GeV/c (central 0-5%)

• K/π and p/π diferent from pp at intermediate pT  (radial flow)

• at large pT particle fractions do not differ from those in pp

ALICE Collaboration, arXiv:1401.1250 [nucl-ex]

K/πp/π

Pb-Pb



Identified hadron RpPb

Michael L. Knichel Quark Matter 2014, 19.05.2014 17 .

• pp reference from interpolation

• π, K not different charged particle RpPb

π K p

• mass ordering in the Cronin-region: π, K, p, Ξ

• notable enhancement for p, Ξ

• Cronin peak in charged RpPb from protons

• RpPb of π, K, p consistent with unity at large pT

Ξ

p-Pb

strange baryons: D. Alexandre, Wed 9:00 



Identified hadron RAA

Michael L. Knichel Quark Matter 2014, 19.05.2014 18 .

• mass ordering at intermediate pT

• less suppression of protons 
at intermediate pT

• at large pT (> 8 GeV/c) no difference 
between particle species

ALICE Collaboration, arXiv:1401.1250 [nucl-ex]

Pb-Pb



• no deviation from Ncoll scaling in high pT p-Pb

• at large pT RpPb and RAA universal for hadron species
particle ratios not different from pp vacuum fragmentation

• mass ordering at intermediate pT similar in p-Pb and Pb-Pb (flow?)

• Cronin enhancement in p-Pb caused by protons

• description of RpPb over full pT range remains a challenge for models

Summary/Conclusion

Michael L. Knichel Quark Matter 2014, 19.05.2014 19 .
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EPS09 nPDF for Pb nuclei

Michael L. Knichel Quark Matter 2014, 19.05.2014 21 .

Eskola et al., JHEP 0904:065,2009



RCP of jets and charged particles

Michael L. Knichel Quark Matter 2014, 19.05.2014 22 .

• RCP of charged jets similar to RCP of charged hadrons at 
comparable parton pT

ALICE Collaboration, arXiv:1405.1849 [nucl-ex]
ALICE Collaboration, Phys.Lett. B720 (2013) 52-62 
ATLAS Collaboration, Phys.Lett. B719 (2013) 220-241 
CMS Collaboration, Eur.Phys.J. C72 (2012) 1945 



RAA double ratio

Michael L. Knichel Quark Matter 2014, 19.05.2014 23 .

ALICE Collaboration, arXiv:1401.1250 [nucl-ex]

• partial cancellation of systematic uncertainties 



RpPb compared to predictions

Michael L. Knichel Quark Matter 2014, 19.05.2014 24 .

• gluon saturation models (CGC) 
are in agreement with the data

• NLO with EPS09s PDF and 
DSS fragmentation functions 
are also in agreement

• LO pQCD + cold nuclear 
matter: too low at high pT

• none of the HIJING 2.1 
predictions are consistent with 
the data in the full pT range

• DPMJET (not shown) 
describing dN/dη very well, 
but fails to describe RpPb



RpPb: comparison to ATLAS

Michael L. Knichel Quark Matter 2014, 19.05.2014 25 .

ATLAS Collaboration, ATLAS-CONF-2013-107

• pilot run data
ALICE: Phys.Rev.Lett. 110 (2013)

• ATLAS 0-90% centrality

• consistent within 
uncertainties

• no sign of Cronin-
enhancement in ATLAS 
data



p/π ratio in p-Pb and Pb-Pb

Michael L. Knichel Quark Matter 2014, 19.05.2014 26 .

• similar trend vs. centrality/multiplicity

• much stronger „baryon enhancement“ in Pb-Pb



RAA of charged π, K, p
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0-5% central 60-80% central



p-Pb collision geometry
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|∆ycm|= 0.465

p
ηlab < 0
y > 0
ηcms > 0

p
4 TeV

Pb
1.58 ATeV

Pb
ηlab > 0
y < 0
ηcms < 0

√sNN = 5.02 TeV Pb
1.58 ATeV

p
4 TeV

p-Pb Pb-p

√sNN = 5.02 TeV

|∆ycm|= 0.465

Pb
ηlab < 0
y < 0
ηcms < 0

p
ηlab > 0
y > 0
ηcms > 0

the direction fo the proton is always at positive y ≡ ycms and positive ηcms



Transverse momentum resolution in Pb-Pb

• pT resolution almost 
independent of multiplicity

• same performance 
in pp and Pb-Pb

• resolution estimated from 
covariance matrix of the 
Kalman Filter algorithm used 
for tracking

• verified with invariant mass 
analysis of K0 -> π+π- and 
cosmic ray measurements

• syst. uncertainty on the 
resolution ~20% 

Michael L. Knichel Quark Matter 2014, 19.05.2014 29 .

resolution: σ(pT)/pT ~10% at 50 GeV/c



Track selection & ALICE performance
• tracking based on combined information from TPC and ITS

• two hits in the ITS, one in the innermost two layers (SPD)

• long tracks in the TPC selected (resolution at high pT)

• tracks must point to the primary vertex

Michael L. Knichel Quark Matter 2014, 19.05.2014 30 .

• overall acceptance × efficiency lower than TPC efficiency
• contamination corresponds to strict DCA cuts

ALICE Collaboration, arXiv:1402.4476 [nucl-ex] ALICE Collaboration, arXiv:1402.4476 [nucl-ex]



PID in ALICE
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ALICE Collaboration, arXiv:1402.4476 [nucl-ex]


