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Beam test of the upgraded ALICE ITS detector with ion beam:

Study of the expected charged particle occupancy on the chip
Summer Student Report | 4 August 2017

Jirayu Mongkolkiattichai

Department of Physics
Chiang Mai University, Thailand

Supervisors
Giuseppe Bruno
ALICE, CERN

Assist. Prof. Dr. Chinorat Kobdaj
School of Laser Technology and Photonics Institute of Science

Suranaree University of Technology, Thailand

Overview

The ALICE experiment uses several detectors which provide different pieces of
information to physicists and from their combination of the charged particles produced
in the ion-ion collisions can be reconstructed along with other global properties of the
complex system produced in such collisions ion-ion collision. The Inner Tracking
System (ITS), the nearest detector to collision vertex, is very important. It helps us to
identify the primary and secondary vertices by measuring their location with a high
precision. Since several years, the ALICE experiment plan to upgrade the ITS. In
particular, a new high-resolution, and low mass 7-layer silicon tracker based on
monolithic pixel detector In this phase of the project, beam tests of the basic component
of the detector, the chip, are very important to characterize its performance..

The aim of my summer student project is to establish the expected occupancy of
the new chip for ITS ALICE Upgraded in beam tests with ion beams, it will help ALICE
physicists to arrange the chip in appropriated position.
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Passion before real work

First of all, I have to understand interactions among particles such as strong and
weak interaction. However, the strong interaction is focused because it causes new
particle and nuclear exchanging. To get this concept, GEANT4 is a good program to see
what happen after collision and learn how thickness of target effect strong interaction.
As shown in figure 1, a fix target of lead (Pb) and a flux of then proton beam of 10 GeV
which is pointed to the target.

Figure 1 Proton beams pass through Lead (Pb).
The left rectangular is a Pb target and the other is empty. They are in galactic (vacuum).

The simulation gives me the relation that the thickness of target is direct proportional to
strong interaction and satisfies the equation

N _
—=1—¢ X

(D

Where N and N, are number of particles which have strong interaction and initial
particles, respectively. x is thickness of target and A; is nuclear interaction length.
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Graph 1 Energy deposit in Pb target which thickness 54, .
X and Y axis are in unit of MeV and particles, respectively. The small peak is from evens without strong interaction
(electromagnetic interaction only) and the large one is from strong interaction. The number of initial particles minus
the number of particle in small peak shows the number of events with strong interaction.

Real work

After ion beam hits fixed target or ion-ion collision, it produces secondary
particles in every directions as shown in Figure 2.

Detector

_——
\

\

Secondary particles

lon beam
Fixed Target

Figure 2 Set up of study
According to AGS experiment, the production of Au + Au collision can display in
relation of charged particle rate produced at some rapidity (dilv_;h) and rapidity in center

of mass frame (y — y.im)-
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central Au+Au collision at 2, 4, 6, and 8 AGeV. (0-5% Au+Au)
They are Gaussian function

Now, I can find occupancy by a following step. Let’s assume the detector is put
perpendicularly to the ray of particles and ¢ be charged particle density (Occupancy).

Rda R da

Rsina

symmetry
axis

area dA
on sphere

area dA
on sphere

side view end view

Figure 3 side and end view of pseudo rapidity and surface area perpendicular to particles ray

The number of charged particles in shaded area of Figure 2 is

dN = 0 dA = o(2nr sina)(rda)
. (2

In terms of rapidity (y) and pseudo rapidity(n = %ln tan %),

dN—(dN)(dy)d _(dN) " m? 1 d
“\dy/\dn n= dy (mr coshy)?sina *

)
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Where n and y have following relation,

dN L m?2 dN L m?2 dN
dn (mycoshy)? dy (p/c)® +m? dy

. (4
Then occupancy is written by
_ 1 . m? (COSh 77)2 N 1 . m? (COSh n)z N <cosh 7])2 dN
") A ECI) S R R (I TR
O
From AGS Experiment, we know that dN /dy can be well fitted to Gaussian
distribution
(Aexp(— E) ) and now transformation between rapidity and pseudo-rapidity is
_1 Jm? + pZcosh?n +pT51nhn ,/m2+|p|2+|p|tanhn
Y= \Jm? + p2cosh?n —py smhn m2 + IpI2 |p| tanhn
.. (6)
Where
Ip|? = pf cosh?n
Finally, occupancy in terms of radius and angle is provided by
1 m2
7= 27'[R 1= (p/c)? + m?sin?2 a [ x”(ﬁ)]
(D

Where

\/mz + |p|? + |p| tanh(In tan 2)
Jm? + |p|? — |p| tanh(In tan—)

=3

Consider coordination of radius R and angle « in equation (7), it helps us to
decide where the detector should be located to have a given occupancy. However,



f(m,E) is a properties of beam particles. According to graph 4, small beam energy
produce a large occupancy at y = 0 (a = 90 °) respect to beam line as opposed to
higher beam energy, the peak of occupancy is shifted then the angle « also goes up.
Result from graph 5 indicate whether we put detector near target, it can receive a lot of
charged particle and high energy collision also make more charge production than low
energy collision.

Occupancy vs rapidity at radius R=1.0 cm , Occupancy vs radius at rapidity y=1.0
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Graph 4 Occupancy of pion in 0-5% central Au+Au Graph 5 Occupancy of pion in 0-5% central
collision at R=1.0 cm Au+Au

collision at y=1.0

In addition, changing rapidity to angle is convenient to understand by equation
(6). Graph 6 illustrates what angle we can put detector on for getting the most charged
pion particle while Graph 7 provides the angle which all charged particles
(r~,m* and p) can be mostly collected by detector. To approximate the peak
occupancy of charges particles, about 22, 24, 42 and 84 degrees are angle which we
should be put detector for 2, 4, 6 and 8 A GeV.

Pion Occupancy vs angle at radius R=1.0 cm All Charge Occupancy vs angle at radius R=1.0 cm
3 3
500 210” 500 119
450 450
S400[ 8400
g g E
S350 S350
=3 E A
300 Y300
=260 250
200 2005
150~ 150~
- 6 AGeV =
100|— TAGV 100— 4
50/ — 50— w
W 2 AGeV
of I I B R B bl e e
] 20 0 80 80 00 ] 20 40 80 80 100
angle[degree] angle[degree]

Graph 6 Occupancy of pion in 0-5% central Au+Au Graph 7 Occupancy of charge particles in 0-5%
collision at R=1.0 cm central Au+Au collision at R=1.0
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Conclusion

There is a strong interaction as ion beam collide the fixed target, then secondary
particles are produced. To measure the high occupancy, the detector should be near area
of collision as soon as possible and the angle with respect to beam line depends on beam
energy, 22, 24, 42 and 84 degrees for 2, 4, 6 and 8 A GeV
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ALICE

Giuseppe Eugenio Bruno, ALICE, CERN

e ALICE Experiment
ALICE (A Large lon Collider Experiment) is a heavy-ion detector on
the Large Hadron Collider {LHC) ring. It is designed to study the phys-
ics of strongly interacting matter at extreme energy densities, where
a phase of matter called quark-gluon plasma forms, the extreme con-
ditions of protons and neutrons "melting” and freeing the quarks
from their bonds with the gluons

Inner Tracking System (ITS)

The aim of studying

Detactor

ey
’_l/// Where to put the Detector?

Charge production

According to AGS experiment, the production of Au + Au collision
can display in relation of charged particle rate produced at some rapidi-
ty and rapidity in center of mass frame

L

Figure 5. @ function af Y for the most central

rate in 0-5% central Au + Au coffision «collisions ot AGS [0-5% Au+Au)

at2, 4, 6 and 8 AGeV

Occupancy (Charged particles density)

The relation of rapidity and
pseudo rapidity is given by

all _ . m' aN
dn (my cosh ) dy

Pseudo rapidity is function of
angle
7=t

o e

Figure & side and end view of pseudo ropidity and  1HeN oCcupancy is

surface area perpendicular to particles ray = N
L4 _'"_(m_‘*ﬂ)
T (my coshy)® Y R 3

Inner Tracking System (ITS)

It consists of six cylindrical layers of silicon detectors, mounted on the
suppaort structure shown in Figure 1. The layers surround the collision point
and measure the properties of the emerging particles, pin-pointing their
positions to a fraction of a millimeter. The ITS will recognize particles con-
taining heavy quarks by identifying the points at which they decay.

ITS Upgrade Detector

The ALICE experiment at CERN is preparing and upgrade of its apparatus
to be installed during the second LHC shutdown (LS2) in the years 2019-20.
A key item of these upgrade is the construction of a new, high-resolution,
low mass 7-layer silicon tracker based on monolithic pixel detectors.

Interaction

The probability of causing strong interaction depends on thickness of
target and interaction length.
sarticlas Edep P

+

+‘*
P N —
S R ]

ﬂlll Te i
Figure 3. Energy deposit of proton in Pb target which thickness 5 *interaction length

The small peak is from electromagnetic interaction and the large one is

from strong interaction. The number of initial particles subtract by the

number of particle in small peak shows the number of particles partidi-
pating in strong interaction.

The Result of Study

Cocupancy vs rapdiy at dus R=1.0 cm CocupaNGy v Fas al gty ¥ 0

X

a3t FEEEETE:

L

Figure 7. Pion Occupancy vs rapidity in 0-5%
central Au+Au collision at R=1.0cm

Figure 8. Fion Gccupancy vs radius in 0-5%
«central Au+Au collision at y=1.0 cm

Plon Ocoupancy vs angie af ks A=1.0 om NI Shage Conpany v Brgie ot okia Ret D ore
" w

Figure 9. Pion Occupancy vs angle in 0-5%

Figure 10. All charge Occupancy vs angle
central Au+Au collision gt R=1.0cm

in 0-5% central Au+Au collision at R=1.0 cm
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