Soft physics: propects and discussion

Yields and Spectra: models, mechanisms and extrapolations
Bar'yon and meson: particle identification and measurements
Underlying event definitions and related observables

then discussion...

Boris HIPPOLYTE (IPHC - Université de STRASBOURG)
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“IPHC _ _ _ =7
Particle production and correlation from EPOS Foisrd
Presentation from K. Werner
Great success of EPOS using Gribov-Regge based formalism:
= reproduction of large sets of experimental data: spectra, ratio, flow;
= long eta range correlations should come for free;
= first experimental measurements (vs. multiplicity!) in pp will be important.
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“TPHC Mol
— Strange particle production and Statistical Description “=~f

Freeze-out description Presentation from H. Oeschler and |. Kraus

J.Cleymans, H.Oeschler, K.Redlich, S.Wheaton, Phys.Rev.C73 (2006)
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(IPHC

Tsallis Statistical description:
Exponential (low pt)+Power law (high pt)+Blast-wave
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FIG. 1: (Color Online) Identified particle transverse momen-
tum \]H'll in Au+Au collisions at /55 = 200 GeV in0-

t collisions (b). The
The solid curves

10% central (a) and in peripheral 60-80'
:«\'zul--»l:\ represent experiment data points.

represent the TBW fit
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Multi-strange particle production

Presentation from A. Maire
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» Coalescence or fragmentation ?

e Tool : azimuthal correlation studies
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Baryon / Meson ratios at RHIC and HERA

Seoft

Physics P’

v

Probing baryon/meson differences at LHC energies implies PID over a large p; range.

1.4 v Y MLAAGE RAAS RARSE B
!\op Jl’ ISET
1.2 utAu with energy loss
. AutrAu »lmout energy loss
0. g L I s
' ® 0-12% »\cuAu }
0.2 A pep | A
' ) deAu STAR Prelimary
0 e 1 ' dded deebedede
0o 2 4 6 8 10 12 14
pY(GeV/c)
T T ' T
p/r* “ete HpaPIITraT)
Hwa:Recombination
“*=* Fries:Coalescencet Jet
1 ' \ STAR Prelmary
o 4 ’, o ® J +
3 [ 5
= “ Pa > A
oc & “-‘~ A i A
..‘." s - -
10.‘ .. ...............
| | ! 1
2 B 6 8 10 12
py(GeV/c)

p/p Ratio

p/n* Ratio

Studying p+p and e+p production for understanding the specificities of A+A
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As already studied at RHIC, first step for investigating recombination and coalescence mechanisms
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ALICE experiment at the LHC

Slide from |. Belikov’s presentation
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“IPHC 8
T ALICE experiment at the LHC Watird

Slide from |. Belikov’s presentation

TPC (-0.9<1n<0.9) tracking efficiency:
~80% for Pt<0.2 GeV/c

(limited by decays),

~90% for Pt>1 GeV/c

(limited by dead zones),

for > 10000 tracks in the TPC.

| Momentum resolution (B=0.5 T):
~1% at Pt=1 GeV/c,
~5% at Pt=100 GeV/c (ITS+TPC+...).

Precise secondary vertexing
better than 100 um  (ITS).

Excellent charged PID capability:
from P~0.1 GeV/c upto a few GeV/c,

(upto a few tens GeV/c, TPC rel. rise),
electrons in TRD, P>1GeV/c
Transition Radiation Detector (TRD) (ITS+TPC+TRD+TOF+HMPID+...)

Time Projection Chamber (TPC)
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iPHC _ _ _ -
Single-strange particle production .
PID in large region transverse momenta available with 3M events recorded by ALICE

Presentations from A.Kalweit and H. Ricaud

Reconstruction efficiency:
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iPHC _ _ _ -
Single-strange particle production .
PID in large region transverse momenta available with 3M events recorded by ALICE

Presentations from A.Kalweit and H. Ricaud

Reconstruction efficiency:
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iPHC _ _ _ -
Single-strange particle production .
PID in large region transverse momenta available with 3M events recorded by ALICE

Presentations from A.Kalweit and H. Ricaud

Reconstruction efficiency:
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Baryon / Meson ratios at LHC energies

Probing baryon/meson differences at LHC energies implies PID over a large p; range.

Calculation implies assumption on
transverse radial flow extrapolation

1.4 Pb4Pb @ 5.5 TeV

1.2 ' — p/‘,‘r‘? R(’(‘o-i-f‘\‘ag |
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(<Y 0.6 Fries and Miiller,
- EJP C34, S279 (2004)
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Amplitude for mixed ratio predicted to be the
same at LHC than for RHIC but the turnover

and limit are shifted to higher p;

But first LHC data will be elementary collisions

=

check magnitude of this behaviour then invoke
coalescence mechanisms if needed.

PYTHIA Configuration from preprint hep-ph/0604120

Mid-rapidity transverse momentum ratios
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Important evolutions for the soft sector:
PYTHIA: v6.2 = v6.3 New multiple interaction (N.M.I) treatment
(part.-part. interactions and i/fsr)
PDF: CTEQ5 = CTEQ6 Gluon distribution function
(visible at low Q2

Missing a factor of ~2 wrt RHIC = UA1 = CDF extrapolations
= investigation of NLO contribution, baryon creation mechanisms
(diguark to popcorn scenario or gluonic baryon junctions).
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" Multi-parton dynamics in p+p at LHC energie

Soft component in p+p collision: multiple parton interactions .

Described in |. Kraus’ presentation

Hard parton scattering is one part of the story

Hard Scattering

Outgoing Parton

Initial-State Radiation
Vo

PT(hard)

a,
0
«
-
«
0
«
LN
a

: Final-State Radiation

Outgoing Parton v

Significant differences for production rates and ratios between “min. bias” and “u.e.”;

= important for e.g. understanding baryon/meson ratio, deconvoluting Raa...
= angular studies may include leading charged particle and/or full jet reconstruction.
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iPHC T
~——  Multi-parton dynamics in p+p at LHC energies _ “*

Soft component in p+p collision: multiple parton interactions

Described in |. Kraus’ presentation

Hard parton scattering is one part of the story

Hard Scattering

Outgoing Parton
Initial-State Radiation
Voo,
0..
l'..

(Anti)Proton

Underlying Event Underlying Event

: Final-State Radiation
v

Outgoing Parton

R.Field: «The “underlying event” consists
of the “beam-beam remnants” and from
particles arising from soft or semi-soft
multiple parton interactions (MPI).»

Significant differences for production rates and ratios between “min. bias” and “u.e.”;

= important for e.g. understanding baryon/meson ratio, deconvoluting Raa...
= angular studies may include leading charged particle and/or full jet reconstruction.
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iPHC o
~——  Multi-parton dynamics in p+p at LHC energies _ “*

Soft component in p+p collision: multiple parton interactions

Charged Jet #1
Direction

Described in |. Kraus’ presentation

Hard parton scattering is one part of the story Toward-Side” Jet

Hard Scattering

Outgoing Parton
Initial-State Radiation
Voo,
0..
.'.~

(Anti)Proton

Underlying Event Underlying Event

2

: Final-State Radiation
v

Outgoing Parton

R.Field: «The “underlying event” consists “Away-Side” Jet

of the “beam-beam remnants” and from
particles arising from soft or semi-soft
multiple parton interactions (MPI).»

Significant differences for production rates and ratios between “min. bias” and “u.e.”;

= important for e.g. understanding baryon/meson ratio, deconvoluting Raa...
= angular studies may include leading charged particle and/or full jet reconstruction.
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IPHC _ - R
~——  Multi-parton dynamics in p+p at LHC energies _ “*
Soft component in p+p collision: multiple parton interactions

Charged Jet #1
Direction

Described in |. Kraus’ presentation

Hard parton scattering is one part of the story Charged Jet #1

Direction

“Toward-Side” Jet

Hard Scattering

Outgoing Parton
Initial-State Radiation
Voo,
0..
l'..

(Anti)Proton

Underlying Event Underlying Event

: Final-State Radiation

Outgoing Parton v

R.Field: «The “underlying event” consists “Away-Side” Jet

of th_e bear_n_'beam remnants an_d from Charged Particle Ap Correlations
particles arising from soft or semi-soft P, >0.5GeV/c | <1
multiple parton interactions (MPI).»

Significant differences for production rates and ratios between “min. bias” and “u.e.”;

= important for e.g. understanding baryon/meson ratio, deconvoluting Raa...
= angular studies may include leading charged particle and/or full jet reconstruction.

B.Hippolyte ALICE-France Workshops - IPHC 9/14



Checking uncertainty for parameters energy dependence:
PYTHIA authors’ suggestions : 2¢~0.08 => 0.25

~
o 2
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Comparison between standard LHC extrapolation
and underlying event description

[Little light/strange flavour dependence in this region

Underlying event description needed/enough for
|production of hadrons in intermediate p; region ?
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Predictions from EPOS can lead to higher ratios
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Checking uncertainty for parameters energy dependence:
PYTHIA authors’ suggestions : 2¢~0.08 => 0.25

g @
& Transverse momentum ratios: ATLAS Tuning vs Und. event
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.

Comparison between standard LHC extrapolation
and underlying event description

[Little light/strange flavour dependence in this region

Underlying event description needed/enough for
|production of hadrons in intermediate p; region ?
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Predictions from EPOS can lead to higher ratios
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Slide from S. Porteboeuf’s presentation
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e Predictions for B/M p; ratio: p+p @ 14 TeV v

Multiple interaction based on exchange of parton ladders
Existing light/strange flavour dependence in this region

Ratio for different energies
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Seoft

Physics P’

e Predictions for B/M p; ratio: p+p @ 14 TeV v

Slide from S. Porteboeuf’s presentation
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Multiple interaction based on exchange of parton ladders
Existing light/strange flavour dependence in this region
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IPHC

—— Multiple Parton Interaction: Progress with CDF data

ySIics

Min. Bias CDF data for p+p @ 1800 GeV (Run |) and p+p @ 1960 GeV (Run II)

Shown already in K. Werner’s presentation Shown already in |. Kraus’ presentation
4

~' ® Min Bias DATA (1800 GeV)

1.4 @ Pythia: satting 1
)

R

Pytua: ssung 2
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5
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Herwig: seting 1
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Charged Multplicity

D. Acosta et al. (CDF Collaboration),
Phys. Rev. D 65, 072005 (2002).
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* Data Run Il ni<1 and p_20.4 GeV/c
.
| - ’
‘,.‘.
Pythia hadron level :
—— TuneA no MPI TuneA p_=0
TuneAp =1.5 ... ATLAS tune
T FEERI SRENE FERTE FRNw pasadeasl NERE RN NN
5 10 15 20 25 30 15 40 45

charged particle muluplncny |

T. Aaltonen et al. (CDF Collaboration),
hep-ex 0904.1098 (avril 2009).
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iPHC T
— Progress with using PYTHIA descriptions S

Peter Skands proceedings at the 15t International Workshop on Multiple Partonic Interactions

at the LHC, Perugia, Italy, Oct 2008

—16 Tevatron 1960 GeV Inelastic, Non-Diffractive MRS Tevatron 1960 GeV Inelastic, Non-Diffractive
> b e _JEonk
8 Average Charged Particle p, (In/<1.0, p >0.4GeV) é Average Charged Particle p, (Ini<1.0, p >0.4GeV
R ® COF data ® CDF data
9 1.4 Perugia 0 Q 4 Perugia 0
*—— Pro-pTC : 1. ® — Perugia NOCR
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0.6 06
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N_. (Inl<1.0, p >0.4GeV) N_ (Inl<1.0, p >0.4GeV)

Comparisons to the CDF Run Il measurement of the average track pras a function of track multiplicity in min-bias pbarp collisions.
Left: a representative selection of models. Right: the impact of varying models of color (re-)connections on this distribution.
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IPHC

Discussions

Measurement of Particle Production and Inclusive Differential Cross Sections in pbarp Collisions at Vs = 1.96 TeV

VII. CONCLUSIONS

T. Aaltonen et al. (CDF Collaboration), hep-ex0904.1098 (avril 2009).

Minimum-bias collisions are a mixture of hard processes (perturbative QCD) and soft processes (nonperturbative QCD) and, therefore, are very
difficult to simulate. They contain soft beam-beam remnants, hard QCD 2-to-2 parton-parton scattering, and multiple parton interactions (soft and hard).
To simulate such collisions correctly, the appropriate combination of all the processes involved must be known.

This paper provides a set of high precision measurements of the final
state in minimum-bias interactions and compares them to the best
available MC model. The following observations may be made:

— The former power-law modeling of the particle p: spectrum is not
compatible with the high momentum tail (p= 10 GeV/c) observed in
data. The change of slope confirms that the MB spectrum is modeled
by the mixing of soft and hard interactions.

This distribution may be seen as an indirect measurement of such
compositeness. The continuity of the pr spectrum and of the C<prs w. na
dependence, and the absence of threshold effects on such a large scale,
indicate that there is no clear separation of hard and soft processes
other than an arbitrary experimental choice. The more recent tunings
of the pythia MC generator (Tune A) reproduce the inclusive charged
particle pt distribution in data within 10% up to pt = 20 GeV/c but the
prediction lies below the data at high pt . This may mean that the tune
does not have exactly the right fraction of hard 2-to-2 parton-parton
scattering and, also, that there is more energy from soft processes in
the data than predicted.

— The YET cross section represents the first attempt to measure the
neutral particle activity in MB at CDF. The MC generator tuned to
reproduce charged particle production does not closely reproduce
the shape of the distribution. This might be related to the observation
that there is an excess of energy in the underlying event in high
transverse momentum jet production over the prediction of pythia
Tune A.

— Among the observables in MB collisions, the dependence of the
charged-particle momentum on the event multiplicity seems to be
one of the most sensitive variables to the relative contributions by
several components of MB interactions. This correlation is reproduced
fairly well only with pythia Tune A: the mechanism of multiple parton
interactions (with strong final-state correlations among them) has
been shown to be very useful in order to reproduce high multiplicity
final states with the correct particle transverse momenta. In fact, the
data very much disfavor models without MPI, and put strong
constraints on multiple-parton interaction models.

The results presented here can be used to improve QCD Monte Carlo models for minimume-bias collisions and further our understanding of multiple

parton interactions.
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