Bulk matter physics and its future at the LHC

Bulk matter physics: pt range, hadro-production and collectivity

The usual suspects: experiments and detectors at the LHC

Statistical observables: inclusive measurements

Baryon production: investigations in p+p

Multi-parton dynamics: expectations in p+p and recombination

Summary and prospects: first physics at LHC and next steps
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&= Bulk matter and properties in A+A ? ... in p+p ?

Bulk matter: global properties describing the main characteristics of particle production/emission
1) most of the particles are in the soft physics region (precise range?);

in A+A  2) statistical description and hydrodynamics (collective behavior) works pretty well;

3) use differences to investigate new mechanisms (enhancement, suppression...);
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for D+p 1) how to compare with A+A (Raa) and any bulk property in p+p (first data at LHC)?
2) does multi-parton dynamics make sense in such a small system ?
Hard Scattering Outgoing Parton
reminder: we usually focus on the hard scattering in p+p... s agiation PT(hard)

: Final-State Radiation
A4
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1) how to compare with A+A (Raa) and any bulk property in p+p (first data at LHC)?
for p+p . . ,
2) does multi-parton dynamics make sense in such a small system ?
Hard Scattering Outgoing Parton
reminder: we usually focus on the hard scattering in p+p...  isasie agiation PT(hard)

g
e

Proton (Anti)Proton

but we should not forget the underlying
softer multi-parton dynamics

Underlying Event Underlying Event

: Final-State Radiation
A4
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& ATLAS Tracker

Barrel of Pixel sensors (3 layers) then strip detector (4x2 layers
and Inl = 2.6), followed by the Transition Radiation Tracker (3 layers of straw-tubes
interspersed with a radiator for e/rt separation) inside a 2T magnetic field.

Silicon space points: 11 max
(3 for Pixel + 8 for SCT)

)

High occupancy for central TRT
even in p+p (~ 90% for Pb+Pb)

“Pixel barrel (3 layers, r< 20 cm, Gre:z=12/66 um)

A\

“TRT Barrel (3 layers, r<115 cm, 0=170 uym per straw)

= Charged multiplicity and spectra: fine
= Very low p; (Bt=2T) and PID with Tracker: challenging
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an CMS Elements and Tracker

Reconstruction and identification at low p; with CMS: detectors involved in B=4T

o 2 ~ 50 —
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M. Weber / Nuclear Physics B (Proc. Suppl.) 142 (2005) 430-433 Number of strips hits in p+p for PID

= Excellent impact parameter and primary vertex determinations
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CMS Elements and Tracker

Reconstruction and identification at low p; with CMS: detectors involved in B=4T
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Forward:
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M. Weber / Nuclear Physics B (Proc. Suppl.) 142 (2005) 430-433
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= Excellent impact parameter and primary vertex determinations

B.Hippolyte

Hot Quarks 2008 - Estes Park

4




CMS PID

Modified algorithm for low-pT tracking in the pixel (3 hits): from straight line approximation to helix

F.Sikler Quark Matter 08 F.Sikler Quark Matter 08 F.Sikler Quark Matter 06 & CMS Heavy-lon Physics TDR
T LI H‘l T ||7“H‘ T T T —— L T T T T T T T T T T T

CMS Preliminary | cuis preliminary Jh0.60 < p < 0.65 GeV/e |

p+p simulation

x2ndf=2.30

0 1‘0 2|0 éO 40
Number of hits

10 . 1.5 2 25 3
p (GeV/c) log(dE/dx (MeV/cm))

F. Sikler QMO0G6: Int.J.Mod.Phys.E16:1819-1825,2007 and CMS-CR-2007-007;
F. Sikler QMO08: arXiv:0805.0809 and CMS-AN-2006-101.

e dE/dx identification using both pixel and strip silicon detectors;
 topology identification: possibility for lambdas and gamma conversion too;
e optimization depending on luminosity conditions.

= Identification at low p; with CMS: dE/dx and invariant mass for neutral particles
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CMS Efficiency

Efficiency calculations based on 25k p+p events and 25 central Pb+Pb

F.Sikler Quark Matter 06 & CMS Heavy-lon Physics TDR F.Sikler Quark Matter 06 & CMS Heavy-lon Physics TDR F.Sikler Quark Matter 06 & CMS Heavy-lon Physics TDR
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references: CMS-CR2007-007 and CMS-CR2007-054

* With Inl < 1.5, the average reconstruction efficiencies are 0.90/0.90/0.86 for pions/kaons/protons;
* Small bias (6%) at high pr but quite significant at low prt (10% correction for protons at 0.2 GeV/c).

= Good efficiency and identification at low p; in CMS
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Transition-Radiation
Detector

-0.9<n <0.9
azimuth 2x

length ~7 m

active area 736 m?

vA é v‘”/»/;/—/?i‘:.
v‘~\¢“:“rlm-’_ 2

N A/

Time Of Flight

-0.9<n <0.9
azimuth 2z

length 7.45 m
active area 141 m?
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Inner Tracking
System

-0.9<n<0.9

silicon layers 6
pixel/drift/strip 2/2/2
cells(M) 9.84/23/2.6
rea 0.21/1.31/4.77 m3

PHOton
Spectrometer

-012=<1<0.12
azimuth 100°
active area 8 m2
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@ ALICE performances

Efficiencies vs. p;: i) p+p and Pb+Pb comparison; ii) species dependence
dE/dx resolution for PID: i) dE/dx vs. # of TPC cluster; ii) dE/dx vs. p-
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= Alice is designed for high multiplicity: excellent efficiency and resolution at low p;

= Charm and strange weak decay identification via topology reconstruction (not shown);
= Lower magnetic field w-r-t Atlas and CMS but also lower luminosity conditions required.
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@ Particle identification vs p;

Estimated p; ranges for 10 M central Pb-Pb events (PPR vol. II).
Ranges for first year p-p events can be close if one month of data taking.
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= low p; : thermal emission and hydrodynamics;
= intermediate to high p; : hadronization mechanisms, tomography.
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P Material budget
Cumulative mid-rapidity material budget for ALICE, ATLAS and CMS
@ ALICE xXo (%) | & ATLAS xIXo (%) | CMS x/Xo (%)
Beam pipe 0.26 Beam pipe 0.45 Beam pipe 0.23
Pixels (7.6 cm) 2.73 Pixels (12 cm) 4.45 Pixels (10.2 cm) 7.23
ITS (50 cm) 743 |SCT (52 cm) 14.45 |TIB (50 cm) 22.23
TPC (2.6 m) 13 |TRT (1.07 m) 3245 |TOB (1.1 m) 35.23
3 e 24 T
1 B suppor | Rz o

BMTrc
[CIssD
[Csop
[IsPD
[I1Beam pipe

OscT
Wl Pixel

@ Beam-pipe

= Ideal Reconstruction and identification low p; : lowest material budget
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x/X

Material budget

Cumulative mid-rapidity material budget for ALICE, ATLAS and CMS
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= Ideal Reconstruction and identification low p; : lowest material budget

B.Hippolyte

Hot Quarks 2008 - Estes Park

10




A

IPH

Institut Plnrldun%l rrrrrr
Hubert CurieN
STRASBOURG.

(oo
<= Hadro-production: equilibrium vs. non equilibrium
Statistical thermal models describe mid-rapidity p;-integrated production of baryons
and mesons over a large energy range.
Baryo-chemical potential ug and Chemical freeze-out Temperature T,

|.Kraus et al., in arXiv0711.0974 [hep-ph] ALICE Estimates : Equilibrium vs Non Eq. particle ratios
EXx2SugE 82U & RY Bk . 'm+'<\:a<'m.¥'x<'.<
+ ~ ~ ! \ o~ -~ P~ S ~ = <. ~,~ =
Ele Finig* X <mMaga By BRMIC2 W T <%
T T T T T T T T T T T 1 (@) L A B L
1§—| " = EoEE . % “é‘ 1 ?\% “ 8 RN | —E
. R - ° g ]
= | | | 3
3 (I ] i . B ) ! L] .
102F . I I SIS Q% m . I
E = 31 O - —
C ] -1 (2]
._ 10 C -+ 6 =
= = n ® M
- = Grand Canonical,, '; C - m
10-4;_ = Canonfcalpp' R=2m . —; " [— THERMUS v2.0 7= 1 T=170% 5 MeV n, =T Mev 7
Canonrcalpp, R,=1.5fm : |- STAT.MODEL %=1 T =161+ 4 MeV n, =0.87;2 MeV i
- Canonfcalpp, R=1m - 102 b |O SHAREVIZ  yr=1 T = 156 MeV u, = 2.57 MeV _
£ = Canonical,, R.=0.75fm 'E E | SHAREVI2  y¥=35 T=135-125MeV p_=2.28-270MeV |
10-6 [ | | | | | | | | | | | | | ] i ] | | ] | ] ! | ] | ] | ] | | ]
= Expectations at LHC: T, =161+4 MeV Eq. [[,IA\Kpr\aléS et al.,tJ.IPhI\;l/s.Cl;3P2h(20(/)\67)724(€;% c])e) 1671
_ Andronic et al., Nucl. Phys.
ug =0.8+1.2-0.6 MeV Non Eq. [ J.Rafelski et al., Eur. J. Phys. C45 (2006) 61 ]

Note: Anti-particle/particle ~ unity will be difficult to constrain but can be used for addressing baryon transport
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Baryon number transport
P. Christakoglou: HEP2008, Athenes @)

Studying the baryon number (BN) transport and carrier:

q
e gluonic field: B.Z. Kopeliovich and B. Zakharov, Z. Phys. C43 (1989) 241. I \/
probability to transport BN is constant with rapidity QJ \
e valence quark: G.C. Rossi and G. Veneziano, Nucl. Phys B123 (1977) 507. qq eg
probability to transport BN is exponentially suppressed String Junction
Np — Nz
Baryon asymmetry vs.yorn: Ap = (2X) B
Np + Np
H1 (Hera, An=7) A. Falkiewicz: DIS2008, London )
B.Kopeliovitch / ' ' ’ @
1 O ’-\( - A.Falkiewicz DIS 2008 and H1prelim-08-034
Baryon asymmetry / fl ook _, H1HERAI
8 =< “f Preliminary
=~ = oif
% 6‘\ gluons ) z - | —J——‘__%__ | ] l
‘e OFf--4---- -
< 4 z T T T =
valence quarks -0.1 - |
21 2
02F 975, + 920, = 319 GeV
0 v : | N N N S B B
-3 -1 1 3 -1 -0.5 0 0.5 1
m n

= Current measurements are compatible with no asymmetry within uncertainties
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Baryon number transport
P. Christakoglou: HEP2008, Athenes

Specific to LHC conditions: high energy so B/B~1 and large rapidity gap (yp+9.6)

* QGSM: asymmetry ~0% (~no transported baryons from y, to yo via fragmentation);
» Kopeliovitch: asymmetry ~5% for protons and ~8% for As;
e \Veneziano: smaller but non-zero asymmetry.

Ratio

2 —
: 2
1.81  Transverse momentum ratios ATLAS tuning (| n |<1) @ 100
a )
16¢ PYTHIA 6.214: p+p @ 14 TeV z
1.4F s 80
12 i H #a% z 60
G 1 S
et it j‘ﬁc T 3 N
08 - “Pplp + § 401" R i--/x-p GEANT3-GHEIBHA
06F ~%/, = a ! % [ GEANT3-FLUKA
0.4 - ATA pol) | . ;,.........-é .......... ?‘"'."I’;FL'UKAS' ......... é....
03....|....|....|....|....|....1....|....|....|.... 0 i i i i i i
0 1 2 3 4 5 6 7 8 9 10 0 02 04 06 08 1 12
Py (GeVic) P [GeVi/c]

Try to perform this measurement at LHC energies
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P. Christakoglou: HEP2008, Athenes

Specific to LHC conditions: high energy so B/B~1 and large rapidity gap (yp+9.6)

* QGSM: asymmetry ~0% (~no transported baryons from y, to yo via fragmentation);
» Kopeliovitch: asymmetry ~5% for protons and ~8% for As;
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The systematic uncertainties on both the ratio and the asymmetry
are below 1% for a material uncertainty of 15% (p > 0.5 GeV/c).

Try to perform this measurement at LHC energies
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In vacuum production of meson via string break-up

Probability to produce (q,q;,)

Probability to form (q, ,q,)

Factorization: production of (q.q,) independent of
g, but the pair mass quark (flavour) is relevant.

= Fragmentation in (q, ,q,) = meson

2
nm? T pr

probability: ¢ * =e¢ * Xxe * Production of (qq,) via quantum mechanical tunneling:
« (string tension) = 1 GeV/fm = 0.2 GeV? + Classically, the palr is pulled apart by the field (no annihilation);

* Quantum mechanically, the pair is created at one point then tunnels
mass suppression: u:d:s:c=1:1:0.3:10-"1 out with a non zero probability (mass and flavor dependence).

In vacuum production of baryon with the diquark model

Relative probability to produce a diquark pair wrt quark pair
Extra suppression associated to s content

Spin suppression (spin 1 diquarks wrt spin O diquarks)
Weighted probability relative to 3-q state symmetry

= Fragmentation in (q,.,9,9,)= baryon

Note: will be needed later when discussing coalescence and recombination

~
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Baryon-production from fragmentation (LUND / PYTHIA)

Modified “popcorn” scenario from the diquark model for baryon production

(a) Diquark (BB)

(b) Popcorn (BMB) (c) Advanced Popcorn

Studied at LEP e.g. OPAL:

1. baryon yields vs. jet energy
2. baryon correlations vs. n gap
between the baryon pair

(B(n*M)B)
— C,—am
i, % sa A "
T ol =T
d @
;sd }A u ;(J }KO
=" b &
- | A
d
N

Distinguishing between different scenario for fragmentation
o (now PYTHIA): anisotropic string decay
e MOPS : (now advanced/Popcorn in PYTHIA) MOdified Popcorn Scenario;

e HERWIG: isotropic clustering

Revisit baryon production at LHC energies

B.Hippolyte
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Baryon-production from fragmentation (LUND / PYTHIA)

Modified “popcorn” scenario from the diquark model for baryon production

(a) Diquark (BB) (b) Popcorn (BMB) (c) Advanced Popcorn

(B(n*M)B) Studied at LEP e.g. OPAL:
u 1. baryon yields vs. jet energy @
" - 2. baryon correlations vs. n gap
- (———ud FA between the baryon pair
u
1 - S, A
;t‘a}/\ \d} (_i}n 21----|-~'-|""I""l""|'
( ’ [ d ; ! =T AA g omeg  2-Jet Events
\ sd u d % - 1o \
— A - A — K’ 2 o8 5+ GB[' -
d _ .4
| ) ( \———su 1A . « OPAL data _
’ ; a d °or 17 — JETSET 7.4 j
; - I -- MOPS |
04t - HERWIG 5.9 i
Distinguishing between different scenario for fragmentation [ 4
o (now PYTHIA): anisotropic string decay L [ +
* MOPS : (now advanced/Popcorn in PYTHIA) MOdified Popcorn Scenario; 02} -
e HERWIG: isotropic clustering ] + ]
.. . . 00““1llll‘2 _3 dr:l 5 6
Revisit baryon production at LHC energies |Ay|
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Multi-parton dynamics in p+p at LHC energies

Soft component in p+p collision: multiple parton interactions

Hard parton scattering is one part of the story

Hard Scattering Outgoing Parton

Initial-State Radiation
Ve

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

Hard parton scattering is one part of the story

Hard Scattering Outgoing Parton

Initial-State Radiation
Ve

(Anti)Proton

Underlying Event - “‘m‘ Underlying Event

: Final-State Radiation

Outgoing Parton v

R.Field: «The “underlying event” consists
of the “beam-beam remnants” and from
particles arising from soft or semi-soft
multiple parton interactions (MP1).»

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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Multi-parton dynamics in p+p at LHC energies

Soft component in p+p collision: multiple parton interactions

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

Hard Scattering Outgoing Parton
“Toward-Side” Jet

Initial-State Radiation
Ve

(Anti)Proton

Underlying Event - “‘m‘ Underlying Event

: Final-State Radiation

Outgoing Parton v

R.Field: «The “underlying event” consists
of the “beam-beam remnants” and from  Away-Side” Jet
particles arising from soft or semi-soft
multiple parton interactions (MP1).»

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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Multi-parton dynamics in p+p at LHC energies

Soft component in p+p collision: multiple parton interactions

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

Hard Scattering Outgoing Parton
“Toward-side” Jot ~ Charged Jet #1

Initial-State Radiation Direction
.

(Anti)Proton

Underlying Event - “‘m‘ Underlying Event

: Final-State Radiation ”

Outgoing Parton v

R.Field: «The “underlying event” consists
of the “beam-beam remnants” and from «Away-Side” Jet
particles arising from soft or semi-soft

multiple parton interactions (MPI).» Charged Particle A¢ Correlations

P.>0.5GeV/c | <1

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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Baryon / Meson ratios at RHIC and HERA

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

L B e i
+p JETSET

u+Au with energy loss

===+ Aut+Au without energy loss

p/p Ratio

I ® 0-12% Au+A \ ]
o0.2[ A p+p I ]
[ O d+Au STAR Prelimary ]
G'l...[...l...I...l...l...l...l..
0 2 4 6 8 10 12 14
pT(GeV/c)
B W e e e |
== ere i (pHPI(THHT)
Hwa:Recombination
==== Fries:Coalescence+Jet
1:- \’ STAR Prelimary E o
’ bi 1A% 1=
OE I I 1l ®
= TTRR S o T |x
(3} TP 1%
oc et s il t s
e S Ttmmmmmmmemesees ]
1l v | L 1 1 Nl PP B B
0 2 4 6 8 10 12

< © o o o S s =
C N B o 0 o N — o]
olll ll||l|l Illl‘llllllll IIIIIIIIYTIIIIITII II]IIIII]IIIII]’I]I'III
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| Studying p+p and e+p production for understanding the specificities of A+A |

¥
u
STAR Preliminary m)

E— All(K 2008

pp jp2 triggered data
pp minbias
dAu minbias

= PYTHIA minbias

* CTEQ6M5+DSS

Oomx |-

| | | .
2 4 6 8
pT(GeV/

pp jp2 triggered data
PP minbias

dAu minbias
PYTHIA minbias
CTEQ6M5+DSS
AKK 2008

10
c)

12

X)

0
s

do(ep — A X)/do(ep — K

v b b by b v Py g

Preliminary

—— H1 HERA|
—— CDM (2,=0.3)
coe. CDM (Ag=0.22)
MEPS (1,=0.22)

0.5

1

15 2 25 3 35

pT(GeV/c)

As discussed earlier, first step for investigating recombination and coalescence mechanisms
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Recombination / Coalescence vs. Fragmentation

Hadronization of 1 parton: fragmentation O =l ‘ a:gur:evﬁur;?i?isg stem
If phase space is filled with ¢

partons: hadronization via 25 Dense parton system
) ) = Low virtualities
recombination/coalescence

The in vacuo fragmentation of a high p; quark

competes with the in medium recombination of
lower momentum quarks

a) 6 GeV/c pion from 1x 10 GeV/c quark fragmentation
b) 6 GeV/c pion from 2x 3 GeV/c quark recombination
c) 6 GeV/c proton from 3x 2GeV/c quark recombination

Baryon/Meson ratios i ‘
: : B e =
Constituent Quark Scaling (e.g. v,) S
. . . . ™ 7 2LLITIT]7 777777777777 77777
Correlations via Soft+Hard contributions §

“...requires the assumption of a thermalized parton phase... (which) may be
appropriately called a quark-gluon plasma.” Fries et al., PRC 68, 044902 (2003)
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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 imoli mption on But first LHC data will be elementary collisions
tr ancu arlo rl d'p II?‘IS assutr P IOI t'o n = check magnitude of this behaviour then invoke
ansve 'se @ _ @ 9"" ex 'apo al ° coalescence mechanisms if needed.

1.4 ¢

Pb+Pb @ 5.5 TeV

N b/° Recot Frag PYTHIA Configuration from preprint hep-ph/0604120
. | . 0 b T I T l T l T l T I T | T I T l T l T
p/m RHIC 200 GeV Mid-rapidity transverse momentum ratios

Ratio extracted from published min. bias spectra fit
‘\\ parameterizations (1-sigma parameter variations)

———

. . {__i (UA1) p+T @630 GeV .
Fries and Miiller, ] Lo

; XN (CDF) p+B @ 1800 GeV |
EJP C34, S279 (2004) | PYTHIA: (1M) p+p @ 14 TeV
—¥— 6.3 LHWG tune + CTEQS
—o— 6.2 ATLAS tune + CTEQ5

0

9
Amplitude for mixed ratio predicted to be the Important evolutions for the soft sector: pT (GeVic)
same at LHC than for RHIC but the turnover PYTHIA: v6.2 = v6.3 New multiple interaction (N.M.I) treatment

.. . . (part.-part. interactions and i/fsr)
and limit are shifted to higher p; 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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Predictions for B/M p; ratio: p+p @ 14 TeV

Ratios and differences between min. bias and underlying event description

Transverse momentum (A+K)/K2 ratio (|n |<1)
PYTHIA6.214: p+p @ 14 TeV

—=a— Und. evt (O.M.1, 2e=0.08)
—x— Und. evt (O.M.l, 2e=0.16)
—&— Und. evt (O.M.1, 2e=0.25)

Mln bias (ATLAS tuning)

& =

OlIIIIIIlllllllllllllllIIIlIII[IIlIlIIIIIIIIllIlII

0 1 2 3 4 5 6 7 8 9 10
P, (GeVlc)

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

T ' T ™ 1T ™ T "1 1
Mid-rapidity transverse moment rr_1+[at|os

v** . _+_+
+
4

&

>
& —¢ EPOS mini-plasma on
—&— EPOS mini-plasma off
—¥—v6.3 LHWG tune + CTEQ6

1 1 | | [ | | 1 |

Comparison between standard LHC extrapolation
and underlying event description

[Little light/strange flavor dependence in this region

Underlying event description needed/enough for
|production of hadrons in intermediate p; region ?

o
Py ]
-+ —— 1

|
8 10
P, (GeV/c)
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Predictions from EPOS based on pomeron
exchanges can lead to much higher ratios

Estes Park 20




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

Ratios and differences between min. bias and underlying event description

Transverse momentum ratios: ATLAS Tuning vs Und. event : :
y Checking uncertainty for parameters energy dependence:

PYTHIA 6.214: p+p @ 14 TeV PYTHIA authors’ suggestions : 2e~0.08 = 0.25
(Und. event) / (ATLAS Tuning): A+A

T ' 1T " 1 " 1 © T ™ 17
Mid-rapidity transverse morr+19nt#n_1+[atios

T 1T 7

+++ ++

thy

-*

i & —¢ EPOS mini-plasma on +
O _I L1 1 | L1 11 I 11l | 11 I L1 11 | 11 I L1 11 I | - | | I . I 11l r _e_ EPOS mlnl_plasma Off

0 1 2 3 4 5 6 7 8 9 10 —¥—v6.3 LHWG tune + CTEQ6

GeVic |
il ) e I w"&‘}w**“ﬁ?
Comparison between standard LHC extrapolation i T
and underlying event description

[Little light/strange flavor dependence in this region

Underlying event description needed/enough for
|production of hadrons in intermediate p; region ?

Predictions from EPOS based on pomeron
exchanges can lead to much higher ratios
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Summary and Conclusion

First physics in the soft region will be exciting at the LHC

« most measurements will complement the RHIC ones;
« many will help understanding further particle production and defining
the bulk properties of the created matter.

Couple of slides were added due to this week discussions :-)

« hopefully they helped more than they added confusion;
e some other were removed...
« cool if they lead to even more discussion.
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