Future of Heavy lon Collisions at LHC

Outline:

» where are we now
» expectations and goals
mainly ALICE
CMS already addressed by G. Roland
and
ATLAS by B. Wosiek
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EMMI Workshop — Prospects and Challenges for
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2 PbPb runs
-2010 O(10 pb-1)
-2011 O(150 ub-1)
luminosity reached -2=2 1026 cm-2 s-1 twice design lumi at this energy

1 pPb run
-2012/2013 O(30 nb-1)

results see talks of K. Safarik, B. Wosiek, and G. Roland
from 2/2013 until end of 2014 LS1: consolidation of LHC to allow full energy

2015-2017 PbPb running at Vsyy = 5.5 TeV
to achieve approved initial goal of 1 nb-1

2018 start LS2 — increase of LHC luminosity (timing to be optimized in 9/13)
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Achievement with 1nb-1

from data analyzed up to now we can extrapolate:

physics goals with hadrons in the uds section achieved
- abundances, spectra, Raa, flow, correlations

large cross section issues in heavy quark sector solved as well
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achieve for PbPb 10 nb-1 corresponding to 8 1010 collisions sampled
plus a low field run of 3 nb-1

pp reference running 6 pb-1 or 1.4 1011 collisions
pPb sample 50 nb-1

this 1s a program of about 6 years probably interrupted by another 2 year long
shutdown around 2022/23 leading us to 2026 or so

envisage PbPb peak luminosities of "= 6 1027 cm-2 s-1 corresponding to
interaction rates of 50 kHz

detector upgrades

to cope with this luminosity and

to achieve physics goals aimed for with this integrated luminosity
for realization see ALICE letters of intent
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Ence, 25 Janunary 2013

Proposed Update of the European Strategy for Particle Physics

High-priority large-scale scientific activities

After careful analysis of many possible large-scale scientific activities requiring significant resources,

sizeable collaborations and sustained commitment, the following four activities have been identified

as carrying the highest prionty.

¢) The discovery of the Higgs boson is the start of a major programme of work to measure this
particle’s properties with the highest possible precision for testing the validity of the Standard Model
and to search for further new physics at the energy frontier. The LHC 18 in a umique position to pursue
this programme. Europe’s top priority should be the exploitation of the full potential of the LHC,
including the high-luminosity upgrade of the machine and detectors with a view to collecting ten times
more data than in the initial design, by around 2030. This upgrade programme will also provide
further exciting opportunities for the study of flavour physics and the quark-gluon plasma.
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precision measurements in

@ charm sector — charmonia, open charm, thermal charm, flow and
equilibration, fundamental i1ssues with bound quarks in QGP

® beauty sector — question of thermalization/equilibration

» Jow mass lepton pairs — chiral restoration and thermal radiation

» real (and virtual) photons — evolution of temperature and quark
fugacities, role of hadronic phase

° jets

important i1ssues will be solved on a quantitative level to give
definitive answers at a fundamental level
- aim to reach text book level results
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di-electrons statistics limited, 10 nb-1 will have

huge effect -

but also syst uncertainties will decrease with

upgrade:

will also add TRD for electron 1d - reduced comb

background

thinner ITS reduced radiation tail

both affect signal extraction
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at LHC shift of paradigm: more central

collision — narrower momentum distribution
my interpretation: thermalization
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~ 0.3

observation of flow with muon arm

needs statistics to make model comparison

future statistical errors
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ansport models that
form charmonia already
in QGP and statistical
hadronization at phase
boundary!
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chi_c: clear distinction of statistical hadronization

mechanism
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in statistical hadronization of charm
(and other) quarks reduction in chi_c
by factor 7 expected

Transport model (Rapp)




Sequential melting? story very complicated due to unmeasured feeding
and: also 1n statistical hadronization picture 2S and 3S strongly supr. by Boltzmann factors
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centrality integrated and not corrected for acceptance:

2S/1S PbPb = 0.12+-0.03+-0.02
3S/1S PbPb = 0.02+-0.02+-0.02

both ratios dropping with centrality by factors ~2
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Upsilon spectra would resolve the story

for potential picture to apply (and
therefore Debye screening),
beauty needs to be in equilibrium
1.e. thermalized

- in that case, spectra should show
global flow of the system
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@ large syst. error due to extrapolation to
low p¢, need to push measurements in that

direction

@ need to measure all channels including
charmed baryons

@ need this cross section for PbPb and pPb
— here low p¢ extrapolation much (!) harder

JNp
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baryon anomaly also in charmed baryon sector? cf proton/pion and Lambda/kaon
role of coalescence
diquarks in the QGP? Fundamental issue of bound quarks in QGP
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need to measure with O(10%) precision down to low py¢
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Current methods:
- semi-leptonic decays
- B from secondary J/psi
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Raa prompt D
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both are determined by transport properties of the medium (QGP)
simultaneous description still a challenge for some models
but also errors of data still too large for precision physics conclusion

Johanna Stachel @Iﬁ% RUPRECHT-KARLS-UNIVERSITAT HEIDELBERG




need precise measurements of Raoa and vo for D and B
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need precise measurements of Raoa and vp for D and B
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first studied by Braun-Munzinger and Redlich (2000): at high T this will be relevant

recent calculation by J. Uphoff et al. 120 N
results strongly dependent on 110 | .
initial gluon density and 100 | Ve = 5.5 TeV
charm quark mass |
$ 80}

70

60 | Mini-jets, M=1.5GeV -« ]

50 | PYTHIA Mt 3GeV - ]

40 PRI I TSI ST T S RS S N S RS T | P R
0 1 2 3 4 o 6 7 8

t [fm/c]

need to measure charm cross section precisely in PbPb collision and as function
of centrality
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physics motivation 2-fold: chiral symmetry restoration and thermal history
basically: below 1 GeV/c2 region close to T, dominates via rho in-medium spectral

function - chiral restoration «— 10T oo E
> F PbPb @\s,, =55TeV Sum ]
5 0-10% Rapp in-medium SF ]
N ly,| <0.84 Rapp QGP |
'1'.::s 1E1 p2>02GeVic cocktail wio p 3
= 00<p, <30 E—s ee .
£ ]
3 i

above 1 GeV (@) sensitivity the temperature
— thermal virtual photons

T 1T Ill_l T TTIIE—

\
107 N E
F L
L /, \ TN\ |- _
- / \‘. .[I/}\k‘ | Jl |
1075 e h = E
n kn 1 f al b b b L b b e
but: need good know edge.0 0002 04 06 08 1 12 1.4
open charm cross section! M, (GeVic?)

a precision measurement will disentangle early and late contributions and hence give
detailed access to evolution of collision and fund properties related to transport
—coefficients and equation of state



excess over hadronic decay cocktail

— — T
S Pthll @5y =95 Telh\f — Sum ) S Pth!- @\s,, = 9.5 TeV Rapp Sum
@ 1 0-10%. 2.5ET7 —— Rapp in-medium SF 3 [«1} 1= 0 -10%. 2.567 —— Rapp in-medium SF 3
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Pove v by by o | | P BRI |“|\L. L] C11 1 11 % [, :: P IR F 7
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M,. (GeV/c?) M,. (GeVic?)

dedicated PbPb run with B=0.2 T sampling 2.5 107 collisions
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excess over hadronic decay cocktail
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dedicated PbPb run with B=0.2 T sampling 3 nb-1
2.5 109 collisions in 0-10% centrality bin
5 109 for 40-60%
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U TN g 70)

3.0

S L B BN B
- 0-40% Pb-Pb, \Syy = 2.76 TeV - 2 domains:
25— ALICE - - direct photons from hard scattering
L s 1 (above4 GeVie)
- fori=051.020p, § - thermal photons
o 5 .
" b . hard scattering looks. Qk and
194 _ thermal photons exciting data
- : but
I I S 1'2P'T('Gew; in both domains data need to and will
e — improve
[ 0-40%, Pb-Pb, Vs,,,=2.76 TeV
PEf VZERO Eventplane 1  future improvements:
0.15|- N s more statistics — smaller systematic errors
ool - ?’ . 1  smaller centrality bins
_ H 'Rl as well as cross check with virtual photons — e+e-
00sp = | l l 1 both at m=0 and m>1 GeV/c2
of I S I B N e, e 1  thinner inner tracking system by factor 3 means
: { I 1 X/Xp goes from 11.4+0.5 to 6.2%
0'050‘ b b el possibility to introduce a converter ?

5
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Temperature extraction from thermal di-electrons

ALICE performance before and after upgrade

—— Statistical Error |
M E Syst. from Charm
& Cocktail

=] Syst. from Comb.
“4 Background

0.6 -
0.4 -
0.2 .
B All done with DCA cut
L | | i
0 Curr ITS low rate Mew ITS low rate Mew ITS high rate
(0-10% | 40-60%) (0-10% | 40-60%) {0-10% | 40-60%)
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Physics reach after ALICE upgrade

D meson RAA
D from B RAA
D meson elliptic flow (for v2=0.2)
D from B elliptic flow (for v2=0.1)
Charm baryon/meson ratio (Ac/D)
Ds RAA
Jiy RAA (forward y)
Jhp RAA (central y)
Jhiyp elliptic flow (forward y, for v2 =0.1)
"
Dielectrons Temperature IMR
Elliptic flow IMR (for v2=0.1)
Low-mass vector spectral function

_ hyper(anti)nuclei, H-dibaryon

Johanna Stachel

pT>1, 10%
pT>3, 30%
pT>1, 50%
not accessible
not accessible
pT>4, 15%
pT>0, 1%
pT>0, 5%
pT>0, 15%
pT>0, 30%
not accessible
not accessible
not accessible
35% (4AH)

*

pT>0, 0.3%
pT>2, 1%
pT>0, 2.5%
pT>2, 20%
pT>2,15%
pT>1,1%
pT>0, 0.3%
pT>0, 0.5%
pT>0, 5%
pT>0, 10%
10%onT
10%
pT>0.3, 20%
3.5% (4AH)

}

stat. error at min pt
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