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Outline

- The ALICE Experiment and Norwegian contributions
- Heavy-lon Physics — hot and dense QCD matter
- Heavy-lon Physics — other topics

- ALICE Upgrade plans
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The ALICE Experiment

A dedicated experiment for ultra-relativistic heavy-ion physics at the LHC.
~1000 collaborators

- Acentral tracking system
with particle identification.

ABSORBER

,v - Time Projection Chamber
(TPC), Inner tracking
system (ITS).

- Time-of-Flight (TOF) for
particle ID, partial EMCAL
coverage

- Acceptance |n| £ 0.9,
p; > 100 MeV/c

- A muon arm at forward rapidities -4.0 < n < -2.5.
Triggering, tracking and identification of muons.
- Zero-Degree Calorimeters (ZDC) — 114 m from interaction point.
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ALICE - Norway

Norwegian participation in ALICE since the beginning (1993).

Groups at University of Oslo, University of Bergen, Bergen University
College, Buskerud and Vestfold University College.

Main focus

Physics:
- Production of charm quarks in heavy-ion collisions
(lonut Arsene (Oslo) convenor of Working Group Dileptons
and quarkonia)
- Ultra-peripheral collisions, two-photon and photonuclear interactions

(Joakim Nystrand (Bergen) convenor of Working Group
Ultra-peripheral collisions.)

Instrumentation (hardware, firmware, software):
- TPC Electronics. Improved Read-out Control Unit (RCU2);
SAMPA chip for continuous read-out during Run 3.
- Earlier also PHOS (high res. EMCAL) and High-Level Trigger (HLT).

Computing:
- Operation of Tier-1 within the Nordic Datagrid Facility.
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ALICE - Norway

Manpower in the groups

University of Oslo: 2 Professors (+2 emeriti), 40% of Senior Engineer,
1 postdoc, 4-6 PhD students.

University of Bergen: 3 Professors, 1 Researcher (grid computing),
50% of Senior Engineer, 2 postdocs, 4-6 PhD students.

Bergen University College: 4 professors. 1-2 PhD students.

Buskerud and Vestfold University College: 2 professors.

Grant from Norwegian Research Council — CERN related research

~8 MNOK per year for 2012 — 2015
Covers ALICE M&O, Travel and subsistence, Computing grid, 2-3 postdocs.

Application for 2016 — 2019 recently submitted.
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Ultra-relativistic Heavy-lon Physics

The goal is to produce a long-lived (on a subatomic time scale), hot and
dense state of matter in the laboratory and thus explore the nuclear
phase diagram.
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Ultra-relativistic Heavy-lon Physics
Two key observations:

- Jet-quenching
Suppression of particles with high p_.

Most likely explanation: gluon bremsstrahlung as the partons traverse
the hot and dense medium produced in the collision.

- Collective flow

Anisotropic particle production relative to the reaction plane.

The pressure of the medium converts the initial spatial anisotropy into
a an isotropy in momentum space.
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Jet-quenching

Quantify the suppression by the R, measure.

Scaling pp data with the number of binary collisions
expected from the nuclear geometry (Glauber model)
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Jet-quenching

- Clear suppression at high p_ in central (head on)

collisions.
- No or very small suppression in peripheral collisions.
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Jet-quenching

- Measured also for charmed particles (mQ ~ 1.5 GeV/c?)
- Reduced J/y suppresion at low p_, indicating regeneration of J/y in

the quark-gluon plasma.
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Collective flow

- Reaction plane defined by beam axis and impact parameter (b).
- Hydrodynamical pressure converts the initial spatial anisotropy to

anistropic momentum distribution.
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Collective flow

- Strength of flow increases monotonically at high energies.

u-ua B f L] L] I I I L) L) L] :
0.06 [~ %? ¢ -
0.04 %if -
F 1 - i
0.02 - + ® ALICE -
- i* ¥ STAR .
o o---57---""-""--"-"-"-"-"-"-"--"-"------4 & PHOBOS —
> - v 4 [ PHENIX .
-0.02 — H NA4Y -
- CERES .
-0.04 |- + EST77 —
- ® EOS .
-0.06 — A EB95 -
- ¥ FOPI .
-D-DE - L L IIIIII L L L IIIIII L L L IIIIII L Ll III:
1 10 10° 10° 10

\[Sny (GEV)

ALICE Collaboration, Phys. Rev. Lett. 105 (2010) 252302.

Joakim Nystrand, R-ECFA, Oslo, Norway, 2-3 October 2015.



Collective flow

- Has been measured by ALICE differentially in p_and for several
particle species.
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Bound states of anti-matter

- Unique particle identification from TPC dE/dx and TOF, including

nuclei and anti-nuclei.
- Allows relative mass measurement at the 10* (d/dbar) and

10 (He/anti-He) level.
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- Sets limits on CTP invariance.
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Bound states of anti-matter
- Best measurement of Am for nuclei so far.
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Photoproduction in
ultra-peripheral collisions

The EM fields correspond to an equivalent flux of

photons.
I8 g —> These can lead to two-photon or photonuclear
AV an interactions in collisions where no hadronic
MW e interactions occur (b>2R).
n .fc o Exclusive vector meson production (y+A = V+A)

of particular interest as a probe of the gluon
distribution g(x,Q?).

Exclusive photoproduction of heavy vector mesons is calculable from
pPQCD, at LO:

b

doy oL o, (x, 5)]2 s
dt "™ 3aM. T § §
Ryskin 1993 &
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Photoproduction in

ultra-peripheral collisions
- Cross section for exclusive photoproduction of pO ~1/2 of inelastic hadronic
cross section!
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Photoproduction in

ultra-peripheral collisions

Unc-ertainty In nuclear gluon distribution translates into different cross
section for photoproduction of J/y at mid-rapidity (do/dy oc [g(x,Q)]?).
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- Strong photon flux from Pb-nucleus also in p+Pb collisions.
- Can be used to study y+p reactions at energies higher than at HERA.
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ALICE Upgrade Project

—

ALICE TPC Run 2 Upgrades

* We make a «simple» Upgrade!

DDL link (optics - 160 MB/s)

Monitor/Cgntrol (Ethernet)

* Remove the bottleneck by
splitting the parallel readout
bus:

> Doubles the speed!

DDL2 link (optics - 5 Gb/s)

* Upgrades the RCU —> RCU2

> New state of the art System on Chip
FPGA — Microsemi smartFusion2

> Faster, bigger, better in radiation!
First flashbased FPGA with SERDES

=

Monitor/Cqntrol (Ethernet)
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ALICE Upgrade Project

RCU2 — The ALICE TPC readout electronics consolidation

for Run2
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ALICE Upgrade Project

LS2 TPC upgrade
e 50 kHz interaction rate in Run 3
e GEM readout chambers

* continuous readout electronics
. new frontend ASIC SAMPA
. GBT link detector -> counting house
. New Common Readout Unit (CRU)

Front-End Cards ——
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Trigger system
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- 4
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Q
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Physics data
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ALICE Upgrade Project

SAMPA

* Design (Sao Paolo, UiB)

* Characterization of prototypes with GEM (UiB)
* Radiation tolerance (UiO)

SAMPA design
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ALICE Upgrade Project

SAMPA characterization

* GEM

 MPW1 carrier board and
FPGA DAQ board
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ALICE Upgrade Project
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Conclusions

- A multitude of new results from heavy-ion interactions in a novel energy
range at the LHC.

- Hard and heavy probes can be studied with high statistics in heavy-ion
Interactions.

- Several results from ALICE on topics not related to hot and dense matter
(ultra-peripheral collisions, anti-nuclel).

- ALICE Upgrade for Run 3 includes continuous read-out of the TPC.
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