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The message

- Could we unravel the History of Universe based on experiments in terrestrial laboratories?
- How to become visible and competitive in Large Scale International Collaborations
- Developed and produced in Romania for CERN

- Would you like to operate by yourself some of the detectors and learn the working principles
on which are based large and complex configurations used in CERN experiments ?

Follow us!
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ALICE exhibition - entrance hall
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1 QUIZ-LHC-ALICE 2 3-D printer, mini-ALICE experiment
magnet appliques with CERN 70" anniversary
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Monitor 1
Information for quiz



3 Live connection to the ALICE Control Room + Monitor 2
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4 Larger size ALICE-LEGO)
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S Roll-up

A Large lon Collider Experiment
(ALICE)

Schematic view of the Large Hadron Collider at CERN (Switzerland / France) with the 4 main
experiments: ALICE, ATLAS, CMS; and LHCb,

ALICE detector has 18 m x 16 m x 26 m (h x | x L), weights more than 10.000 tons, and is
located approximately 60 m below ground

APb»Pbcﬁtssm recorded by the ALICE detector. The color lines represent trajectories of the.
nstrucied charged parﬂuu and the orange towars dapicts the ensrgy measurad by the
a(aclmnmwtanc calofimeters.

The ALICE C of 2000 from 171 h
institutes, 40 countries on 5 continents (2024), The main geal of the ALICE Collaboration is
1o characterise the quark-gluon plasma (QGP), a system of quasifree particles, predicted
by quantum chromodynamics (QCD) at very high temperature and density. The QGP has
relevant impact because it may have existed in the expanding Universe in the first
microsecands after the Big Bang. Therefom. meCollaborallon has bum a detector to study
hadrons, electrons, muons, and phos 3 in of had and nuclei,

GO
S ALICE




6 Puzzles and Lego for different LHC components

Instructions on Monitor 3

T Puzzles and Lego for different ALICE components

Instructions on Monitor 4




Short throw projector Section 1

Event produced by colliding hadrons in ALICE experiment
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Short throw projector Section 11

How the hadrons are accelerated by Radio Frequency (RF) cavities
in the Large Hadron Collider (LHC)
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Section 11

From precursors up to
in the ALICE Experiment at LHIC for which development,
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Section 11
Monitor 1

On Monitor 1 is displayed the information from the following pages



1 Large area position sensitive lonization Chamber (IC)
V~LF working principle
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1 Parallel Plate Avalanche Counter (PPAC)

working principle
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1 Large area position sensitive lonization Chamber

Real structure of an experiment presented in the exhibition

Associated electronics

Single channel Premplifiers

Housing box
of the IC




AE, (MeV)

1 Large area position sensitive lonization Chamber

Mounting the IC and PPACs in the experiment
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Examples of identification in atomic number Z of the reaction products
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2 Bragg geometry lonization Chambers (BGIC)
Plastic/Liquid scintillators

) R = Heavy ion range (A,Z,)
Sampling mode

\ N\ = Bragg peak amplitude (Z)
T = Specific ionization (Z,)

dE/dx

A - fragment mass

Z - fragment charge
L-ve

| E = Integral over the curve

Photomultiplier Tube (PMT)
l Fast Plastic Scintillator

Slow Plastic Scintillator

)

BA

Liquid Scintillator Barrel

Real Detector - exposed




2 Bragg geometry Ionization Chambers
Plastic/Liquid scintillators

Operation mode and Particle Identification (PID) performance
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3 Single Wire Proportional Counter - PC
working principle

Electric field:

cathode

C‘/O 1 gas
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3 Resistive wire proportional chamber

Working principle
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3 Resistive wire proportional chamber + Plastic scintillator

Operable setup - signals produced by cosmic rays
— — |




Working cathodic tubes, visualization of electron beams
and their deviation in a magnetic field
Demonstration of working principle of tracking detectors




3 From single-wire proportional chamber to multi wires
Central Drift Chamber (CDC)
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Section 11
Monitor 2

On Monitor 2 is displayed the information from the following pages
and details on assembling and testing ALICE TRD chambers activities



4 ALICE - Transition Radiation Detector (TRD) - Roll-up

ALICE - Transition Radiation Detector (TRD)

TR is created when a charged

particle crosses boundary
of different dielectric constants

g &

Average pulse haight {mV)

2 8 8

= 3

S e et 1)

? 25
Drify firve tun)
- fields have to be readjust ) N Purpose:

- some are emitted as TR similar - electron ID in central barrel p>1GeV/c

with: ‘3 Parameters:

- 18 supermodules segmented in 6 layers, 5 stacks
- 540 modules ~ 750m*

- Lenghth: 7m

- X/X0 ~ 15%

- 28 m’ Xe/CO, (85:15)

- 1.2 million channels

- 15 TB/s on-detector badwidth

Romanian contribution
to ALICE experiment @ CERN




108.16

4 TRD- working principle

- TR is created when a charged particle crosses

boundary of different dielectric constants
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Structure 4 ALICE - TRD

Purpose:

- electron ID in central barrel p>1GeV/c

Parameters:

- 18 supermodules segmented in
6 layers, 5 stacks

- 540 modules ~ 750m’?

- Lenghth: 7m

- XXy~ 15%

- 28 m? Xe/CO, (85:15)

- 1.2 million channels

- 15 TB/s on-detector badwidth

Wires mechanical tension an Gain uniformity and
position measurement energy resolution measurement
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Pion efficiency

107 ¢

102

10°

1 F

4 ALICE - TRD

Regions of the ALICE-TRD
equipped with the chambers
assembled and tested in
Hadron Physics Department

Insertion of TRD super-modules
in the Alice Experiment

Improvement of transverse
momentum resolution

Electron/pion discrimination Tracks produced by cosmic rays using TRD tracklets
= T T T T T  0.07
T T T T — £ 400+ «TRD 1 &. ] MC anchored to LHC13b
: Igﬂ:c) meané 3@ - —TPC 1 © 006 E N. ., tracklets>2 —
" LQ2D > m ]
e . tg?g 200 / ) ' 0.05-| .
- RN g ] w/o TRD e
N 0.04 — a
\‘A\‘ O E 4.7
0.03 =
= e 0.02 f S B
-200 ] e
' P with TRD
- ALICE p-Pb |5,y = 5.02 TeV " ]
 90% electron efficiency ]
p = 0.9-11 geV/C ) ) ) -400 0 L — L — T T T T T
1 2 3 4 5 6 - 0 20 40 60 80 100
Nlayers pT



5 ALICE - TRD - real size exposed chamber

The inner structure of ALICE-TRD chamber and how the signals from the pad plane
are transported to the front-end electronics can be followed on an exposed real chamber

20 um anode mires
seen with a microgﬁope




Section 11
Monitor 3

On Monitor 3 is displayed the information from the following pages
and details on assembling and testing ALICE-TPC OROC chambers activities



6 ALICE - Time Projection Chamber (TPC) Read-Out
Chamber (ROC) based on GEM - technology - Roll-up

ALICE - Time Projection Chamber (TPC)

Romanian contribution
to ALICE experiment @ CERN




TPC structure
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6 ALICE - TPC

. .. . Working principle of
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6 ALICE - TPC Outer ROCs (OROCsys)

Energy resolution

ALICE- TPC Upgrade HPD acthltleS Test energy resolution
i 1] = 90%Ar + 10% CO,
o E———
469 SO Bigmaean = 8.1%
Po;) S35 506" 400 500 600 T00 800900
ADC [ch]
Gain as a function
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3 5000 ’
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Anode current XY




6 ALICE-TPC

Mounting the
OROCS in TPC

Charge particle identification performance
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7 ALICE TPC-OROC

Real size structure - exposed

GEM foil structure
seen with a microscope




Section 11
Monitor 4

On Monitor 3 is displayed the information from the following pages
and details on assembling and testing MSMGRPC and TRD-2D



8 Resistive Plate Counters (RPC)

Working principle A
Pestov Counter Advantages: Single Cell RPC  Advantages:
Multiplication factor b . pEC -Very‘ .goo'd ot (~2§ ps) - Very good o, (~44 ps)
(Gain) - Position information: x, y - commercial glass
' e ~ Drawbacks:
. | PN cthote| SLAWDACKS. — - 1 atm pressure
7\1,' L - high pressure operation s "NT Y operation
0 * o o rrmed e e (12 bar) i ~  Drawbacks:
O I -4.5kV - edge effects
Y.V.V. Pachomchuck et al. - tails i ‘ -
:&2-, Nucl. nst. And Meth ':16938(1‘;71) 269 tails in the ‘tlme spectrum P.Fonte et al., CERN-EP - unrealistic for large
- needs special glass 27/9/99 area
Multi-Gap RPC - pad rows readout  pdvantages: configuration

- Very good o (~60 ps)
- commercial glass

-1 atm pressure operation
Drawbacks:

Resistive plates 0.5 mm A14 glass

5 gaps of 220 pm
k ""&
I S i

Useful gap =SS - edge effects, cross talk

- no position information over
the pad sizes; tracking device is

‘ ALICE TOF - TDR CERN/LHCC 2000-12 needed for position
dependence correction

Multi-Strip Multi-Gap Resistive Plate Counters (MSMGRPC)

dn n a dx HYV cathode

l[ Multistrip anodes

M. Petrovici et al. NIM A487(2002)337




8 MSMGRPC2018 - structure details

Granularity adjustment decoupled

bi-adhesive

insulating tape

single-sided
adhesive {
insulating tape

by the impedance matching
| [T [ |
[ ' 1

R e e B

APLAC predicted 97 L for
1.27/7.4 mm readout/HV strip width

+ o ) Kapton 50 pm

honeycomb
cathode signal

glass electrodes
and gas gaps

anode signal

' pick-up electrode

anode HV electrode

+HV

Glass

e

- W —»

2017-proj-1/2-DS-RPC TRAN Analysis

APLAC 8.10 Student version FOR NON-COMMERCIAL USE ONLY
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.30
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0 1.25n 2.5n 3.75n Sn
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D. Bartos et al., arXiv:1708.02707 [physics.ins-det] 4 8



https://arxiv.org/abs/1708.02707

8 MSMGRPC - exposed components

RCU RESISTIVE PLATE
REZISTIVI  COUNTER —RPC

Acest detector este folosit pentru amasura | This detector 1s used to!
timpul de zbor al particulelor cu o rezolutie | flight of particles:
d isa, sub 50 de pi de |

Avand |
ridicatd la pozitie si timp, RPC-ul joac@ un |
rol tialin si q

ticul care se \
cu viteze foarte mari in experimentele de |
fizicd la energiiinaite. |

— _ A\
N 3 LI

Rl e =

Fast Amplifiers
4 channels SMD technology 8 channels ASIC

322222004,




8 MSMGRPC - potential application

2D distribution of a positron
emitting source
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2D reconstructed distribution

2D distribution of a positron
emitting source
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9 Two dimensional position information multi-wire PC

2D - position reconstruction principle

Schematics
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9 Two dimensional position information multi-wire PC
Frontend Electronics and Data processing
FASP design FASP bonding FASP packagmg FASP test motherboard
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IFIN-HH/DFH

New FEE board (FASPRO3-F)

6 A liéf:;g f?;gi:g:;ﬁzgzc h) 60x60 mm? TRD-2D chamber, completely
3 Polar PI’)ir ¢ FPGAs and side ’ equipped with 15 FASPRO3-FEE boards ASIC CHIP
connectors for various configurations processing 2,880 signal channels seen with a microscope
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9  Two dimensional position information multi-wire PC
exposed components

Pad-plane with with multi-wire anode

Cu foli screen with
HPD achronim cut out :
illuminated by a >>Fe X-ray source S
(2 mm thick letters)

Reconstructed image




Section I11
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experimental trends in A-A collisions
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Operable MSMGRPC stack and TRD-2D stack
Visualization of signals and tracks produced by cosmic rays
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Section I11

NS

@‘ 70 DE ANI DE LA INFIINTAREA CERN /
35 DE ANI DE LA INVENTAREA WWW LA CERN g

CALCUL STIINTIFIC LA CERN

Roll-up GRID activities

wWLCG

LA CERN S-A CREAT UN GRID DE CALCUL
CU 1.400.000 NUCLEE CPU 51 1,4 EXABYTES DE STOCARE
PENTRU 12.000 DE UTILIZATORI

FEDERATIA ROMANA GRID
RO-LCG

RO-LCG CONTRIBUIE LA WLCG
SUSTINAND EXPERIMENTELE ALICE, ATLAS 51 LHCb CU
PUTERE DE PROCESARE: 16,000 NUCLEE CPU
CAPACITATE DE STOCARE: 24 PETABYTES




Section 111

Cosmic “soup”

Sugestive set-up which triggers
circular ways in a watter pool
in th eplaces where gamma rays
from a cosmic shower are
detected
Relativistic
heavy ion collisions,

Grid com puting physzcs motivation

International Distributed Computing

and St
orage Infrastructure Could we unravel the History of the Universe
o e, o STARGAZING LIVE = 3

based on experiments in terrestrial laboratories ?

How to stud_y the extreme states of nuclear matter
errestrial laboratories ?

6

A serries of posters starting from physics motivation
how to find the properties of the properties of matter
produced in hadrn collisions at LHC can be accessed
by detecting and identify the particles in the experimental
setup and aspects of physics at which Romanian groups
had and continue to have esential contribution.

Phase transitions
Classic vs. Strongly Interacting matter

Do we see a new state of. deconfined matter
at LHC energies?

pp vs. A-A
at LHC energies




Section 111
Monitor 3

Interactive animation with a collision produced by
two spheres controlled by moving the hands




Section 111
Monitor 4

GRID activities

Live monitoring of traffic connections,
running jobs, resources involved and computing hours
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Room - ALICE VR
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