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1. Introduction

Understanding the dynamics of nucleons is the most important subject for nuclear physicists. So,
we should study the forces between nucleons and the interactions among the quarks. For this
purpose, in South Korea, the world's first accelerator which combines Isotope Separation On-Line
(ISOL) and In-flight Fragmentation (IF) methods, called The Rare Isotope Accelerator complex for
ON-line experiments (RAON), is under construction.

Even though there were a lot of efforts to understand the properties of nuclei, some of the
knowledge of nuclei is still unclear yet, such as the stability of the normal nucleus, the origin of
superheavy elements, the core of neutron star, and supernovae and etc. Using Rare Isotope Beam
(RIB) produced by RAON, our basic knowledge of nuclei can be widened [1, 2]. For doing this
purpose, we need to explore the nuclear equation of state (EOS), which is expressed by total baryon
density and isospin asymmetry of nucleons.

As one of the RAON's programs, the Large Acceptance Multi-Purpose Spectrometer (LAMPS)
detector is the optimized facility to study EOS [3]. The LAMPS consists of a beam diagnosis system
in the beam pipeline at the front of solenoid magnet, and Time Projection Chamber (TPC) to build
up the trajectory of fragmented particles, and Neutron Detector Array (NDA) to detect the neutrons,
placed 15 m away from the solenoid magnet. Beam diagnosis system of the LAMPS consists of Start
Counter (SC) and veto, and Beam Drift Chamber (BDC). The SC will provide start timing of each
event and BDC will supply trajectories of incident RIB aiming to target.

In this thesis, the detailed BDC construction procedure and data analysis results taken at cosmic
muons and proton beam produced by the KOrea Multi-purpose Accelerator Complex (KOMAC)

facility.



2. LAMPS

The LAMPS detector system that will be installed in one of the high-energy experimental halls
consists of the superconducting solenoid magnet with maximum field strength of 1 T, Time
Projection Chamber (TPC) with Gas Electron Multipliers (GEM), Time-of Flight (ToF) array
encompassing the TPC, BDC, and forward neutron detector array Figure 1 The two quadrupole
triplet magnets will focus beam particles at the target position. The Generic Electronics for TPC (GET)
is adopted for signal readout from the TPC, and new 500-MHz flash ADC and trigger modules have
been developed for the neutron detector array. The ToF detector, target system, and beam

diagnostic detector system including a start counter are now under development.

Figure 1. Schematic view of the basic configuration of the LAMPS at high energy experimental hall

3. Principle of the Drift Chamber

Usage of a wire chamber is to detect incident particle’s trajectory for high-energy physics area.

The wire chamber is filled with gases like argon, methane, isobutane and, etc. In the chamber, there



are two types of the metallic wires that are signal wire and potential wire arranged alternately [4].
The wires are normally 20 ~ 100 pm in diameter. This is usually called anode (or anode plane). For
the signal wire, zero or plus high-voltage is applied. On the other hand, for potential wire, minus
high-voltage is applied. Also, there is cathode plane usually made of thin aluminum mylar applied
minus high-voltage. The anode and cathode make drift field.

So, if some particle passes through the gas inside of the chamber, it makes electron and ion pair
by ionization. In the drift field, the first electron from the ionization can acquire enough energy to
create more electrons by colliding other gas molecules. This process makes an electron avalanche.
Then, the electrons will drift to the signal wires. If the number of electrons of the avalanche is
enough, it makes measurable current on the signal wires. The ratio between the number of initial

electrons and final electrons is called gas gain.

4. Components of the Beam Drift Chamber

The anode for BDC is showing as Figure 2 The signal wires are gold-plated tungsten and 20 um
in diameter. The potential wires are also gold-plated tungsten and 80 pm in diameter. Each anode
has 32 signal wires and 33 potential wires. Tension of the wires is about 40~60 g. On anode plane,
there are resistors and capacitors to prevent over current signal and sparks. The drift length is 2.5

mm.




Figure 2. The anode of the prototype BDC
The cathode for prototype BDC is showing as Figure 3 The material on the cathode plane is
double-sided aluminum mylar. The mylar has a thickness of 2.5 um. A kapton tape is used to keep

the mylar flat. Kapton tape has temperature stability in a large range and electrical isolation ability

too.

Figure 3. The cathode of the prototype BDC
The drift length between cathode mylar and wires is 2.5 mm so it makes 2.5 mm2 square electric
field cell. There are 2 prototype chambers and each has 2 anodes (X and Y) and 3 cathodes. Figure

4 is showing inside of one of the chambers.

Figure 4. Inside of the prototype BDC chamber

The signal cables are 64ch IDC connector cables. To prevent gas leakage, the hole of the chamber



is filled with silicone. The active area of the chambers is 16 cm?2.

5. Data Analysis

(1) Cosmic Muon

Figure 5 shows prototype BDC set-up for cosmic muon. There are 4 SCs and 2 prototype BDCs.

The middle one is active target TPC for low-energy LAMPS.

Figure 5. SCs and prototype BDCs set-up. There are up-stream BDC and down-stream BDC

When the SC takes cosmic signal, it gives trigger to the BDC. The trigger rate was about 200

events per 1 hour. The distance between up-stream BDC and down-stream BDC is about 1 m. For



DAQ, 64ch ASD board is used. The time resolution of the ASD board is 1 ns and 1 clock for QDC
value is 32 ns. The QDC and TDC of cosmic muon from the ASD board are shown as Figure 6 There
are empty lines due to damages on the ASD board caused by over current signal or some electric
sparks. The TDC values of each anodes (x and y) for each BDCs are shown as Figure 7. With these
TDC values, 2-D hit point can be made as Figure 8 As expected, the cosmic muon signal distributed
on all channels. Muon tracks with TDC values from ASD board of up-stream BDC and down-stream
BDC is shown as Figure 9 It shows all the tracks are pass through the active area of BDC. The
prototype BDCs are working stably while taking the muon signal. The current of high voltage module
is under 1 nA at working voltage.
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Figure 6. Cosmic muon data result from the ASD board. Top three plots are for up-stream BDC

and others are for down-stream BDC
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Figure 9. Cosmic muon tracks with TDC values. The orange squares are active area of each BDC

(2) Proton Beam

In KOMAC facility, Figure 10 shows the SCs and BDCs set-up 100 MeV for proton beam. There is
a collimator in the front and boron blocks to prevent scattered electrons from the up-stream. Figure

11 shows same result plots like Figure 6 and Figure 9 for 100 MeV proton beam.

Figure 10. Detector set-up for 100 MeV proton beam
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Figure 11. The result plots for the 100 MeV proton beam

6. Conclusion

The motivation of the LAMPS is to study about the force and the dynamics between nucleons
inside nuclei. Especially, with RIB, it can be researched at supra-saturation densities. In South Korea,

the RAON is under construction now and it can give us RIB for the LAMPS. For beam diagnosis and
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its alignment, the BDC is needed. So, prototype BDC is developed and made for LAMPS experiment.
With the SC's trigger, the muon data was taken stably at working voltage. For the 100 MeV proton
beam, the results show the expected hit points for up-stream BDC and down-stream BDC. The BDCs

works stably at working voltage while the BDCs take the 100 MeV proton beam.
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collision by color-neutral probes
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Color neutral probes have been used for the investigation of the inside structure of the nucleons
described by Parton distribution function (PDF) nPDF for stand-alone nucleon and bounded nucleon
in the nucleus, respectively. In LHC era, various nPDFs have been studied in pPb and PbPb collisions
using Z and W boson production. In this paper, recent analysis of the electroweak probes such as
the Drell-Yan process, W and Z boson are presented. All the experimental results are compared with
existed only proton PDFs and nPDFs. And finally prospect for future analysis is also proposed.
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