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Introduction

* Hadron spectra:

— Long history both in high energy and nuclear physics

— Test area of the implementations of non-perturbative QCD
processes in MC event generators

— pPb: also a reference for Heavy lon collisions

* Setting up the scene: R
— PID: p<1.20 for 1*, p<1.05 for K*, and 5 o)
p<1.70 GeV/c for p/p :
— Accessible region limited by Tracker : .
— Results are given for |y|<1 e f roo2 3
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CMS Detector

and Hadronic calorimeters

Hadronic Forward (HF) calorimeter:
event selection

Silicon Tracker:
triggering, tracking, dE/dx

_vuon S
HCAL Inl< 5.2 Muon chambers

ECAL In|< 3.0

s
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Triggering and event definition

* Data:
— Low pile-up (0.15%) data collected in Sep. 2012, 2 M events

* Online and offline event selection:

— Simultaneous presence of bunches in both beams
— At least 1 “pixel” track (p.>400 MeV/c)

— Coincidence of at least one HF tower above 3 GeV on each side

/,, \’\ \/\

— Beam-induced background events are suppressed
} ”/I/:#‘,.,_ .: / \

Track Uy /
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Track reconstruction

* Particle yields are for:

— Double-sided (DS) selection: at
least one particle with E>3 GeV
on both sides (3<|n|<95)

— DS: 94-97% of inelastic collisions

* Track reconstruction:

— Special algorithm reconstructs
pions down to p.=100 MeV/c

— Secondary particle fraction tuned
via measuring K° and A/AA
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Most probable energy loss rate

CMS CMS
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* Estimation of loge: Corrected deposits, minimalization of joint
energy-deposit x° for a track

* Template fits: Non-gaussians, energy deposits regenerated
with an analytical energy loss parametrization
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Systematic uncertainties

Uncertainty Propagated

Source | _
- of the source [%]  yield uncertainty [%)]

Fully correlated, normalisation

Correction for event selection 3.0 (1.0) } 3.0 (1.0)
Pileup correction (merged and split vertices) 0.3 o

Mostly uncorrelated
Pixel hit efficiency 0.3 0.3
Misalignment, different scenarios 0.1 }

Mostly uncorrelated, (y, pr) dependent T K p
Acceptance of the tracker 1-6 1 1 1
Efficiency of the reconstruction 3-6 3 3 3
Multiple-track reconstruction 50% of the corr. — — —
Misreconstructed-track rate 50% of the corr. 0.1 0.1 0.1
Correction for secondary particles 20% of the corr. 0.2 -

Fitting log e distributions 1-10 1 2 1

EPJC 72 (2012) 1945
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Physics results
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Measured spectra

CMS CMS
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* Spectra: Statistical (bars) and systematic uncertainties
(boxes), good quality Tsallis-Pareto fits

* Generator predictions: EPOS LHC gives good description,
AMPT and Hijing predicts steeper p_ distribution than in data
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Measured spectra

 EPOS LHC: 3D viscous event-by-event hydrodynamic
treatment

v, in PbPb and pPb
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* v, shows similar shape in pPb and PbPb, but is smaller in pPb
* hydro calculation agrees with v2{4}
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p. dependence of relative yields

CMS
0-35 L T T T T | T T T T | T r 1. r
L pPb, Vspyn = 5.02 TeV, L =1 pb’
o3 5
0.25 - i
8 o2l
© i
O
@
< 0.15 -
: — EPOSLHC
011 -— Hijing 2.1
005 [ /57 _
0 A (KK )
0 . L (o))
0 0.5 1 15
pr [GeV/c]

Yield ratios

1.4

1.2

0.6

CMS

| pPb, Vs = 5.02 TeV, L=1 b’

B - /n"
A [(_fK+
| | L L I-Elr‘ P'/p T
0 0.5 1 1.5
pt [GeVic]

« p, dependence of relative particle yields:

— AMPT is capable of describing K/, but only EPOS LHC
describes both K/ and p/r

— Ratio of the yields of oppositely charged particles close to 1

EPSHEP 2013 Stockholm, Sweden, 18-24 July, 2013
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Multiplicity classes

* Event multiplicity classes

— Take the measured d°N/dndp. values
— Take PID ratios from data to adjust the MC corrections
— Correct for p.<100 MeV/c part assuming a linear startup

— Fully corrected number of hadrons are given in |n|<2.4: N

tracks
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Spectra in multiplicity classes

CcMS CMS
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* Pion, kaon, and proton yields measured in bins of multiplicity

* Spectra for increasing multiplicity are shifted by 0.3 units,
Tsallis-Pareto fits are shown

* Spectral shape changes for kaons and protons
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Yields and average p;
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* Yields obtained by integrating the Tsallis-Pareto fits

* K/t and p/tr ratios slowly rising, EPOS LHC looks the best
« Average p. values much higher than in AMPT or Hijing
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Yields and average p;

CMS
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* Yield ratios: similar in pp and pPb

« <p,>: pPb behaves similar to pp for N___ <40, but it is flatter for
>50

tracks

« <p,> grows higher than in PbPb: mix of soft and hard collisions
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« Inverse slope parameter from p_exp(-m./T') fits

* Linear dependence on mass with a slope that increases with

particle multiplicity

* (Generator predictions are flatter than what data show

i Krisztian Krajczar (CERN)
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* Spectra of identified changed hadrons measured in pPb
collisions as a function of track multiplicity

* Particle production is strongly correlated with event multiplicity,
rather than with collision energy / the mass of the colliding nuclei

- Highest multiplicity pPb interactions yield higher p. than in central

PbPb

* |Inverse slope parameter: linear dependence on particle mass

* Paper: arxiv:1307.3442
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CMS Heavy lon Physics Results

CMS Heavy-lon Public Physics Results

Final Results

The table contains papers and public results, with links to arXiv, CERN preprint, and the final paper, if available.

Plots are provided through dedicated twiki pages [, the CERN Document Server database i1, and the arXiv source [£].

Canmiyss s ppcaton it pata | comment |

2- and 4-particle correlations in pPb

Meutral pion v2 in PbPb collisions

Elliptic flow and low-pt spectra

Ridge (2-particle correlations) in pPb

Gamma-jet correlations in PbPb collisions

Y suppression, 2011 data

Jet fragmentation

Krisztian Krajczar (CERN)

CMS-HIM-13-002
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CERN-PH-EP-2013-077

CMS-HIM-11-009
arXiv:1208.2470

CERN-PH-EP-2012-231

CMS-HIMN-10-002
arxiv:1204.1409

CERM-PH-EP-2012-0935

PRL 110 (2013) 042301

PRC 87(2013) 014902

CMS-HIN-12-015
arxiv:1210.3482

CERN-PH-EP-2012-320

CMS-HIN-11-010
arxiv:120:35.0206

CERM-PH-EP-2012-089

CMS-HIM-11-011
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PRL 109 (2012) 222301

CMS-HIM-11-004
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JHEP 10 (2012) 087
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Backup slides
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Measured spectra

CMS CMS
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* Spectra: Statistical (bars) and systematic uncertainties
(boxes), good quality Tsallis-Pareto fits

* Generator predictions: EPOS LHC gives good description,
AMPT and Hijing predicts steeper p_ distribution than in data
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Relative particle yields
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Yield ratios
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* Ratios of oppositely charged particles are compatible with 1 in

all multiplicity bins
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Average yield and transverse momentum
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* pp and pPb data are for laboratory rapidity

« Parabolic (dN/dy) and linear (<p.>) parameterizations on

log-log scale
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