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Physics motivation 

Thermonuclear burning in stars is responsible for the synthesis of most chemical elements 
heavier than helium in the universe. The 4He(aa, y)12C and 12C(a, y) 160 reactions are two of the 
most important fusion processes in astrophysics. These reactions essentially govern the helium 
burning phase, and their rates determine the ratio of 12C: 160 (C/O) in the "ashes" of the helium 
burning process. Consequently, these reactions strongly influence the subsequent nucleosynthesis 
processes for massive stars and their final nucleosynthesis yields. Stellar evolution models in which 
nuclear reaction networks are implemented in detail do not yield consistent results yet, and the 
12C( a , y) 160 cross-section is one of the most important nuclear physics uncertainties still to be 
resolved. 

The Hoyle state, the 0/ state at excitation energy (E.) 7.654 MeV in 12C, is considered 
archetypal of a state that exhibits a-particle structure, with one possible configuration being a 3-a 
gas-like structure similar to a Bose-Einstein condensate, consisting of three a particles all 
occupying the lowest OS state. It is expected that equivalent Hoyle-like states should also exist in 
heavier a-conjugate nuclei such as 160 and 2°Ne. A measurement of the 12C(4He,8Be)8Be excitation 
function indicated that a series of 2+ to 6+ resonances were populated in the E. = 16-21 Me V energy 
range. 

The photodisintegration of 160 at -8.0 MeV produces 4He and 12C with energies about 
675 and 225 keV, respectively, flying back-to-back, which aids the positive identification of this 
channel. The detection of such low-energy nuclear fragments are challenging, so the main problem 
we tried to solve during this dissertation is to come up with a new detector system called 
Low-Pressure Multi-Wire Proportional Chamber (LPMWPC) active target to register low-energy, 
highly-ionizing particles. 

Aim of the dissertation 

The dissertation is devoted to the development and testing of an oxygen-active target for 
low energy nuclear reaction studies. It is a position and time-sensitive detector system based on the 
low-pressure MWPC technique and Si detectors. The few Torr pressure ofmethylal ((OCH3) 2CH2) 

serves as working gas for the MWPC operation, and in addition, the oxygen atoms of the methylal 
molecules serve as an experimental target. The main advantage of this new target-detector system is 
a high sensitivity to the low-energy, highly ionizing particles, produced after photodisintegration of 
160, and insensitivity to y-rays and minimum ionizing particles, thus allowing us to detect only the 
products of the nuclear reaction of interest. The threshold energy for the detection of a particles and 
12C nuclei are about 50 keV and 100 keV, respectively. Timing and position resolution of 
low-pressure MWPC modules were investigated using an a-particle source and fission fragments in 
laboratory conditions, as well as, using bremsstrahlung photon beam from 20 Me V electron beam. 
The aim was to: 
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• Design and develop LPMWPC capable of registering low-energy highly-ionizing particle, 
and simultaneously be insensitive for minimum-ionizing high energy particles and 
gamma-rays. 

• Test in the laboratory conditions, find optimal parameters for the detector to obtain 
acceptable timing and position resolution to investigate reactions which are important for 
nuclear astrophysics. 

• Proof that the detector system is capable of operating in high-intensity beams. 
• Implement new methods for signal registration, data collection, and analysis. 
• Measure the ionization loses of alpha particles in the methylal gas. 

Practical value 

The developed active target detector system is proposed to use to: 

• Study of the cluster states in 160 using proton beams from the Yerevan proton cyclotron 
and laser Compton backscattered photon beams at the ELI-NP facility. 

• Measure the 160(y,a) 12C cross section at HiyS (High-Intensity Gamma-Ray Source) with 
a Low-Pressure MWPC based Active Target. 

• Study of the decay pion spectroscopy of light hypemuclei at electron and proton-beam 
facilities, using the recoil distance technique for separation of produced hypemuclei and a 
magnetic spectrometer for precise measurement of the decay pion momentum. 

• Measure the ionization energy losses of low-energy alpha particles for different gases. 

The novelty of the results 
The main parameters ofLPMWPC are: 

• High rate capabilities (few. MHz) 
• Low registration efficiency (<10-4 for single MWPC unit) against the minimum ionizing 

particles 
• Good time resolution -450 psec 
• Good coordinate resolution -1 mm 
• High registration efficiency ( -1 00%) for low-energy nuclear fragments 
• Minor effect on the fragment energy (fragment moves approximately with a constant 

speed inside the detector) 
There are currently two experimental approaches under consideration for measurement of the 
inverse 160(y, a)12C reaction, which is more accessible than the direct 12C(a, y)160 reaction. One is 
based on the bubble chamber technique and a bremsstrahlung photon beam; the other employs an 
Optical Time Projection Chamber (0-TPC) and a Laser Compton Backscattered (LCB) y-ray beam. 
Both methods are very sensitive to the background. 

The proposed method is based on two technologies: an active target based on low-pressure 
MWPCs, and a gamma-ray beam from backscattering of laser photons from several hundred MeV 
electrons. The latter produces an intense monochromatic gamma-ray beam with small angular 
divergence (<2 x 10-4 rad). Methylal ((OCH3) 2CH2) and hexane (C6H 14) , at a pressure of a few Torr, 
serve as the filling gases for the operation of the MWPCs. Operation with hexane is intended for 
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evaluation of the background from carbon nuclei in methylal. The proposed active-target system 
employs a gas pressure of 3-9 Torr to detect low-energy nuclear fragments and determine their 
trajectories and velocities. The low pressure renders it very insensitive to minimum ionizing 
particles and y-rays, but the disadvantage of this is low luminosity due to the small density of the 
target. Laser backscattering delivers a highly-directed, pencil-like photon beam so that this 
drawback can be mitigated by using a multimodular active-target system with sufficient total length 
to provide the necessary luminosity for the experiment. For example, at ELI-NP, the angular 
divergence of the LCB y-ray beam is expected to be less than 2 x 10-4 rad, which means that over a 
10 m distance the transverse size of the beam will increase by only 2 mm. Therefore, the 
active-target system could, in principle, consist of a stack of some hundreds of modules with a total 
length equal to 10 m. 

Structure of the dissertation: 

The dissertation consists of an introduction, five chapters, conclusion, and the table of content 
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Content 

INTRODUCTION 

In this section, a brief history of nuclear astrophysics is discussed. A process of the 
synthesis and evolution of chemical elements is presented. We also discuss the mystery of Hoyle 
state, how it helped to solve the problem of Carbon production out of 3 Helium nuclei and how it is 
important for life as we know it. Moreover, we give a short review of various models that can 
explain the true nature of Hoyle excitation energy. Namely, the review of the first solely theoretical 
calculations of Hoyle state performed by E. Epelbaum using Lattice Monte Carlo simulation and 
Weinberg's approach - the quark-gluon theory - for nuclear interaction, was presented. Also, a 
short description of ongoing experiments is presented. 

Nuclear reaction rates play a critical role in the understanding of stellar evolution and explosions. 
However, in many cases, nuclear reaction rates still carry large uncertainties due to the paucity of 
experimental data and incomplete theoretical understanding of the underlying reaction mechanisms. 
New experimental methods and techniques, combined with the development of new theoretical 
tools, have exposed fresh avenues to pursue nuclear reactions of significance for nucleosynthesis at, 
or near, the actual temperatures of stellar burning. Nuclear astrophysics has entered a period 
characterized by unprecedented demands for new information and for improved accuracy. This 
challenge is being driven by the quality and breadth of current observational data, a direct 
consequence of impressive advances in observational technology. 
This thesis provides an overview of the most critical nuclear reactions for a number of 
nucleosynthesis environments and suggests some new methods to overcome the difficulties from an 
experimental point of view. 

CHAPTER! 

In this chapter, we present the overall overview of gaseous detectors, proportional 
chambers and low-pressure Multi-Wire Proportional Chambers (MWPCs). The LPMWPC is a 
proportional counter with three electrodes (two cathodes and one anode) having parallel-plane 
symmetry. The operational mechanism of the LPMWPC combines the principles of a regular 
multiwire proportional chamber (MWPC) and a parallel-plate avalanche counter (PPAC). MWPCs 
that operate at normal gas is not suitable for time measuring, because their time resolutions are 
typically on the order of several tens of nanoseconds. This is due to the long drift time of electrons, 
released in the sensitive volume towards the sense wire, where amplification occurs. The first 
measurements at low pressure (P =3 Torr) have shown that a time resolution of about 2.5 ns 
(FWHM) could be reached with 5.5 MeV a-particles. This result was simply attributed to a faster 
drift time at higher reduced fields. Further investigations have clearly shown that the amplification 
mechanism at low pressure is entirely different. 
The LPMWPC modules were designed, prepared and developed in AANL and Yerevan 
Telecommunication Research Institute. The detector module consists of two wired-cathode and 
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three wired-anode plates stacked on top of each other. The electrodes are made of G 10 (epoxy) with 
a thickness of 3 mm, which is also the plane spacing. 

All planes have a wire spacing of Imm. The anode plane used 20 µm diameter gold-plated tungsten 
wire, while the cathode and guard planes used 40 µm diameter copper-beryllium wires (the 
schematic view is in Fig.2). 

Guard 
X Output 

L:.4~.~ ... ::.. ... ::.. ... :;.. .. ~: '::" '.':.·'.':.'.': ... ::'. ... ::='.:"'. Delay line 

........... :··::::: T Output 
L:::::.;:;r:~ ..... :::-: ..... :::-: ..... '.'.'.'.'. .. ~ 

Guard 
Delay llne 

YOutput 

Fig. 2: Schematic diagram of the single unit ofMWPC. 

Groups of three cathode wires are connected to tapped delay lines (2 ns/tap) to provide position 
information using the method of time difference. This readout provides - l mm position resolution. 
Tap by tap readout would allow position reconstruction with sub 1 OOµm precision. However, we 
used the time difference between the anode pulse and induced cathode pulse propagating towards 
the end of a delay line because -1 mm resolution satisfies the requirements of the planned 
experiments. 
The positive signals induced on the cathodes are used for the position (x, y) read-out, one 
coordinate from each plane. The two outer wire planes function as guard planes against electrons 
from ionization taking place outside of the chamber region, and as additional electrodes to provide 
double step amplification. 
A test experimental setup was developed in order to investigate the operational modes of the 
LPMWPC units and to measure the timing and position characteristics using a 0.14 mg/cm2 thick, 
30x30 mm2 Pu-239 a-particle source, which has three lines: 11 % - 5.099, 20% - 5.137 and 69% -
5.150 MeV. It consists of two MWPCI and MWPC2 units, mounted at 5.5 cm distance from each 
other. Mylar absorbers with a 1 mm diameter hole in the center were used to collimate the a 
particles(see Fig. 3). Using this setup the time and position resolutions and dE/dx distributions in 
the MWPCs were studied. The geometry of the test setup is shown in Fig. 3. 
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Fig.3. Schematic representation of the test setup. 

The MWPCs and SSDs are mounted in a rectangular vacuum chamber, which has windows for 
beam entrance and exit. Lerno connectors, fastened on the walls of the vacuum chamber, provide 
access to electronics outside the vacuum chamber. The chamber can operate from 2-10 Torr of 
methylal vapor. For amplification of the resulting signals with a high ratio of the signal by the noise 
four types of high-frequency transimpedance amplifiers with different magnification, factors have 
been designed and manufactured. To ensure a wide spectrum of frequencies, the "Texas 
Instruments" high-band and super-low noise operational amplifier chips were used. In addition, 
these amplifiers differ in input and output signals. 

CHAPTER2 

Chapter 2 is devoted to the testing of experimental technique in the lab and beam 
conditions. 
The low-pressure MWPC system can operate in the so-called single-step and double-step model. In 
the case of single step the typical potentials applied to the anode, cathode, and guard planes are u. = 
+400, u. = -100 and Ug = 0 V respectively and the resulting signals from the a-particles have a few 
!O's of mV amplitudes. In the case of a double step, the typical potentials are u. = +300, u. = 0 
and Ug = -300 V respectively and amplitudes of the resulting signals increased by an order of 
magnitude, compared to the single-step case. The typical signals from anode and cathode planes 
generated by a-particles in MWPCI (double-step operational mode) and registered by 500 MH 
oscilloscope. The diagram of the signal readout and data acquisition electronics is shown in Fig. 4. 
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Fig 4. Typical signals from anode and cathode planes after amplification for operating 
conditions: Methylal 3.3 Torr, +300 Von the anode, 0 Von the cathodes and-300 Von the 
guard planes. Trace I (yellow), 2 (cyan): signals from anode planes of the top and bottom 

MWPC units. Trace 3 (magenta), 4 (green): signals from two cathode planes of the top 
MWPC unit. The time scale is 20 ns/division and an amplitude scale of 100 m V /division. 

The signals are connected to the Analog to Digital Converters (ADC) and Time to Digital 
Converters(TDC). Two start signals, Start! and Start2 are formed by using coincidences of anode 
signals from MWPCl and MWPC2, where the timing of the Start! and Start2 signals is determined 
by the MWPCl and MWPC2 anode signals, respectively. These start signals are used for measuring 
the time difference between the two anode planes (time-of-flight (TOF) timing resolution) and 
between the anode and corresponding cathode planes (position measurement resolution) of the 
MWPCl and MWPC2 units. A copy of the Start! signal is also used to generate an ADC Gate 
signal for digitizing of both anode signals. From the TDC data, the time difference distribution of 
the particle flying from one module to another is being reconstructed. This can be normalized to 
build the velocity spectrum of particle. In the other hand, the signals from ADC can be used to 
reconstruct the energy losses left by the particle in the detector's volume(dE/dx). A LabView 
software has been written to read and write the data into files for later analysis and simultaneously 
recreates the histogram of all channels. 

For the data analysis, the ROOT package with C++ language and Python analytics tools 
have been used. In Fig. 6 the TOF distribution is shown. From this distribution, we can determine 
the time resolution of the MWPC units, which is equal to 638/2112 "'450 ps. 
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Fig. 6. Time difference between signals from the anode planes ofMWPCl and MWPC2. 

In Fig. 7 the time-difference spectrum between the anode and one cathode plane of MWPCI is 
presented. The sigma of this distribution is about 1 ns, which results in a 1.5 mm position 
resolution. 
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Fig. 7. Time difference between the anode and one cathode plane ofMWPCI. 

The typical measured spectrum of amplitudes of the MWPCl anode signals, which are proportional 
to the ionization energy losses dE/dx of charged particles, is presented in Fig. 8. 
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Fig. 8. Distribution of the amplitudes ofMWPCl anode signals. 

The time resolution of the MWPC unit, as a function of methylal vapor pressure was constructed. It 
shows that a pressure range of2-3 Torr is optimal for the best time resolution. 
We also test LPMWPC and four types of amplifiers using bremsstrahlung photon beam from 20 
Me V Electron beam. This is a proof of concept experiment that the MWPC modules can operate 
with gamma beam, producing high enough signals distinguishable from large background. The test 
detector is schematically depicted in Fig. 9. It mainly consists of 2 MWPC chambers which are 
placed in the vacuum chamber. 

0.1 mg/cm2 U-235 

Photon beam 

3 
Magnet 

Nuclear Fragment 

MWPC-1~,;· 
MWPC-2 

57 

..1""'1 05 

T 

110 

1-3 Torr Hexane- CsH - 2 . 14 c I t 
f-+- • HU 

Fig 9. The schematic view of the detector. 

The interaction of the 50 Hz, 1 msec, 40 nA electron beam with the radiator having 0.01 radiation 
length creates a photonic beam. The signals produced from the fission fragments and the beam 
"halo" that are produced when the photon beam interacts with the U-235 foil and hexane vapor 
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molecules inside the detector are registered via digital scope are depicted in Fig. I 0, 11. The 
following two important conclusions can be drawn from this picture. First, the LPMWPC have 
over 1 MHz rate capability. 

Fig. 10. The typical signals of fission fragments produced from the interaction of the 
photon beam and 235U 

Fig. 11 The typical signals of alpha particles produced from the interaction of the photon 
beam with hexane vapor. 

Secondly, with the CW beam, they can operate in about 10,000 times more intense photon beams. It 
opens up new possibilities for performing experiments of astrophysical interest in low energy 
domains, such as the study of the photodisintegration of the oxygen into an alpha particle and 
carbon nuclei reaction. 
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CHAPTER3 

In this chapter, we consider the application of the active 160 target for The possibility of 
measuring the 160(y, u)12C cross-section in the 8-10 MeV energy region by using a LCB y-ray 
beam. 
We are planning to measure the inverse reaction because it is about -60 times more than direct 
reaction. The photodisintegration of 160 at 8.0 MeV produces 4He and 12C with energies 675 and 
225 keV, respectively, flying back-to-back, which aids the positive identification of this channel. 
A schematic drawing of the prototype, active-target module is shown in Fig 12 left. It consists of 
four low-pressure chamber units (I , 2, 3 and 4), which form two symmetric arms. The MWPC units 
are windowless in order to present the minimum amount of material to the incident, low-energy 
nuclear fragments. The geometrical acceptance of the active target depends on the LI , L2 and L3 
dimensions, where the optimal sizes will be determined in future Monte Carlo and experimental 
studies. In the present study, we used prototype MWPC units with an active area of 30 x 30 mm2

• 

Wind 

Pre:u11re Trnnsdnc-er 
to ntulou~ Meter 

Pressure Transducer 
to Readout Meter 

~-f'-~~~~~~~~~~~~-'l~ Beam 

l.!:::=::::01--~ Gas eldractlon 

Fig. 12. Schematic of the active target: Multi Wire Proportional Chamber (MWPC) units 
I , 2, 3, 4. 

The methylal gas serves as an ionization medium for MWPC operation, and in addition, the oxygen 
atoms of the methylal molecules serve as an experimental 160 target. The number of oxygen atoms 
in the target is about N0 =6*1017 atoms/cm2

• 

The other possible implication of active target is to investigate the the Hoyle states at 160 
in the 15-20 MeV energy range, excited with the help of the proton and monochromatic polarized 
photon beam. 
The Hoyle state in 160 is expected at 15.1 MeV. This state decays mainly through the following two 
channels: 

1) 
2) 

160(15.1 MeV) -> a+ 12C(01) 
160(15.l MeV) -> a+ 12C(2i}-> a+ 12C(OiJ + y 
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The neighboring 2+ resonance has a decay channel 160(2+) -> p + 15N(l/2-). Detecting decay 

protons, CI-particles, 12C and 15N nuclei from resonance states at Ex"" 15 MeV, produced by means 

of different type incident particles (proton, photon, etc.), requires a high resolution and 

large-acceptance experimental setup. This is crucial for identifying the Hoyle like state in 160 and 

studying its structure. The resonance states in 160 at Ex - 15 MeV cannot decay strongly into the 4u 

channel. There are, however, a number of resonances at 16-21 MeV energy range that decay to the 
8Be+8Be or 12C(Hoyle)+alpha final-states. It is worthy to mention that even experimental study the 

decay of the 15.1 MeV state into two 8Be's (i.e. into four low-energy CI-particles) may be a very 

rewarding subject in order to elucidate further it's CI cluster structure. For this experiment we 

suggest slight modification of active target detector that consists of eight modules of MWPC to 

register each alpha particle out of four, in different pair of modules(Fig. 12 right) 

Using a multi-module active-target system consisting of some hundreds of modules, the number of 
oxygen atoms can be increased by over two orders of magnitude. 
To be detected, low-energy decay particles require enough energy to pass through the module, i.e., 
they are required to have a range of at least 5.5 cm to generate signals in both MWPC units. The 
ranges for He and C ions in methylal, simulated by means of the SRIM are displayed in Fig. 13, it 
can be seen that an active-target detector system filled with 3 Torr methylal is capable of detecting 
alpha particles with energies above 50 keV and 12C nuclei with energies higher than 100 keV. 
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Fig. 13. The ranges ofH(line 1), He(line 2), C(line 3), ions inmethylal vs energy. 

We also propose to carry out an exploratory experiment at HiyS starting with a check on the 
in-beam background conditions for the 160(y,a)12C reaction at photon energy around 8 MeV, where 
the reaction cross section is very small. This will be followed by a measurement of this reaction 
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cross section at photon energy around 9.5 MeV, where the cross section is -104 larger and then a 
measurement of the 12C(y, 3a) reaction cross section in the energy region 9.5-15.5 MeV. These 
exploratory measurements will be carried out using an experimental setup based on the prototype 
chamber, which is similar to that displayed in Fig. 12, but with a converter (C) and target (T) 
added. The converter will be used to produce electron-positron pairs, mimicking the type of 
background conditions which are expected for the real experiment. The target will be a 1 µm thick 
Mylar (Polyethylene terephthalate: (C1cllg04)n) or Polyethylene (C2H4) 0 film angled at -20 deg, with 
respect to the beam direction, which increases the effective thickness presented to the beam by a 
factor - 3. 

CHAPTER4 

In this section we discuss the application of MWPC in decay pion spectroscopy of light 
hypemuclei at electron-and proton-beam facilities, using the recoil distance technique for separation 
of produced hypemuclei and a magnetic spectrometer for precise measurement of the decay pion 
momentum. By using the present proposed approach the rate of the detected hypemuclei can be 
increased by one-to-two orders of magnitude compared to recent experiments carried out at the 
MAM! electron accelerator in Mainz. The possibility of realizing a high luminosity decay pion 
spectroscopy experiment with proton beams is also discussed. 

Here, we propose a new experiment for decay pion spectroscopy of light hypemuclei, 
which would be suitable both for electron- and proton-beam facilities. Identification of produced 
hypemuclei is realized by detecting the low-energy recoils and using the recoil distance technique. 
The general layout of the experimental setup is shown in Fig. 14. The incident electron (or proton) 
beam hits the 2 mg/cm2 target and produces a hyperfragment, which exits the target and decays 
after - 200 ps outside the target, resulting in a decay pion and recoil nucleus. The flight distance 
from the primary interaction point is estimated to be - 1 mm. Decay pions are detected in the 
high-resolution magnetic spectrometer - HnS located at -90 degrees. In this case, the 

hyperfragment decays outside of the target, and as a result, the monochromatic spectrum of 
produced pions is broadened by kinematics. The recoil nucleus is detected by means of the recoil 
detector, which is located at the opposite side of the beam to the HnS. 
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TOF DC 

Recoil nuleus 

Fig 14. Schematic view of the proposed experiment consisting of the high-resolution pion 
spectrometer ( HrtS) and the low-energy recoil detector for detection of the recoiling nuclei in 

coincidence with the decayed pions. 
The target is a thin foil of thickness -2mg/cm2 so that most produced hyperfragments exit and 
decay outside of the target. The RD is screened from the central beam- on-target region, to enhance 
the signal for hyperfragments produced outside of the target and separated from the accelerator 
vacuum by a 1-2 µm Mylar or Kevlar foil. In Fig. 14 the recoiling nuclei are detected by MWPCl, 
MWPC2, and the SSD, while decay it. mesons are detected by the magnetic spectrometer HitS. In 
principle, the RD can operate without an SSD. In that case, the energy of the recoiling nucleus 
would be determined by its velocity with its type determined from the decay pion momentum. 
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Fig. 15. Simulated distributions for : H decay into a pion and 6He nuclei: energy of 
6 He (a), 

decay pion momentum (b), binding energy (c), and flight distance of : H hypemuclide (d). 
The Monte Carlo simulation has been conducted to simulate the experiment. For the decays, we 
assume the A binding energy for A6H to be 4.18 MeV which is the A binding energy of the 
hypemucleus. The resulting distributions are shown in Fig. 15. 
For experiments with electron beams, a simple analysis estimates that the expected yields of 
detected hyperfragments will be one-to-two orders of magnitude higher than was observed in 
previous experiments carried out at MAML Two-body it- decay spectroscopy of A3H and A4H 
hyperfragments using an RF structured electron beam and RF PMT based time-of-flight detectors 
will provide ultra-precise values of the binding energies of A-particles to A3H and A4H 
hyperfragments. These can be used to check theoretical predictions and as a reference for other 
hyperfragments. Experiments with proton beams will have a very high yield compared to electron 
experiments. They can be used to extend the study of light hypemuclei to the exotic A2n and A3n 
hypemuclei and to the heavy hyperhydrogens A6H and ASH . In all cases, for a realistic 
estimation of expected hyperfragment yields, test studies are needed to determine the maximum 
intensities of the incident electron/photon or proton beams at which the recoil detector will operate 

17 



smoothly. 

CHAPTERS 

In this section, we present the measurements of ionization energy losses of alpha particles 
in Methylal gas and compared with the Stopping and Range of Ions in Matter SRIM-2013 
simulation. The alpha particle energy losses have been experimentally determined for 239Pu 
a-particle source using a dedicated experimental setup based on low-pressure multi-wire 
proportional chambers(LPMWPC); such losses are observed to deviate significantly from the 
calculated ones. The deviations suggested chat in the low {~ 1 MeV) energy region the 
stopping powers given by SRIM-2013 might be overestimated of about 5-10%. The geometry 
of the setup is shown in Fig. 16. 

PU-239 

I\ 

MWPCl I \ 
a: "\ 5cm 

MWPC2 I 
l 2 

I 

I 

0.1 mm Mylar 
23µm Potyethylene 
X. Y, T. dE/dx 

0.1 mm Mylar 

X, Y, T. dE/dx 

p = 3 TOIT Methylal 

Fig. 16. The schematic view of the experimental setup. 1- alphas that pass through 23 µm 
Polyethylene and 5.5 cm 3 Torr Methylal, 2 - alphas that pass through Methylal, 3 - alphas that are 
absorbed. 
The distribution of the TOF was divided into small chunks and for each chunk, ADC distribution 
was generated. The mean of the ADC distribution was picked. Consequently for every energy the 
dE/dx was determined and calibrated to match the energy loss value corresponding to 5.15 MeV 
(Fig. 17). 
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Fig 17. The energy loss of the alpha particles in methylal. Red-triangle is the SRIM data and the 
blue-star is the experimental data 

The results of the experimental data show that the SRIM dataset in low energy regions has 
inaccuracy and shows about 5-10% more than those in the experiment. This means that alpha 
particles have higher ranges than it is estimated in SRIM dataset. 

In Conclusion, the main results are discussed 
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. 
PyJIOMC 

KuCJiopo.11uaH aKTDBHaH MUIDCHh ,!1JIH DCCJIC,!10BaHUH HD3K03HepreTD'ICCKHe H,!1epHhlX 

peaKQHH 

)lnccepnuuu1 IIOCBllIIICHa pa3pa6oTI<e H ncrn.rraHHIO KHCJIOpo,!1HO-aKTHBHOH MHIDCHH Anll 

HCCJIC,!10BamIB HH3K03Hepre'fH'!eCKHX JIACpHLIX peaJ<IUtil:. 3To CHCTCMa ,!1CTCKTopoB, 

qyBCTBHTCJILHOe K IIOJIOlKCHHIO H BpeMCHH 'l:aCTlill, KOTOpal! OCHOBaHa Ha MIIKH)l 
(Myni,TH-rrposono'l:HOH IlporropQHoHanI.HOH KaMepe HeJKoro )lasneHHll) n KpeMHnesoM 

,!1CTCKTope. Pa60'IHM ra:JOM Mll MIIKH)l cnylKHT MCTHJianI. ((OCH3) 2CHi.) npn ,!1aBJICHHH 

HCCKOJII.KO Topp, a aTOMhl KHCnopo.11a B Moneeyne MCTHJiaJill cnyJKaT B Ka'l:eCTBe 

3KCIIepHMeHTaJILHOH MHIDCHH. OcHOBHhlM IIpeeMYmCCTBOM 3TOH HOBOH CHCTCMhl 

MHIIICHH-,!ICTCKTOpa llBJillCTCll BhlCOKal! qyBCTBHTCJILHOCTh K HH3K03Hepre'fH'leCKHM CHJILHO 

HOHH3Hp)'IOIIIHM 'l:aCTHllaM, o6pa3)'!0IIIHMCll rrocne ct>ornpacmerrneHHll 
16
0, H HCBOCilpHHWIHBOCTh 

K y-ny'l:aM H cna6o HOHH3HP)'IOIIIHM 'IaCTHllaM, 'ITO II03BOJilleT perncTpHpoBaTh TOJII.KO npo,AyKThl 

1Ipe,!1CTaBJU!IOIIICH HHTepec J!ACpHOH pea~HH. IloporoBhle 3HeprnH o6HapylKCHHll a-'l:aCTHJ:l H J!ACP 
12

C COCTaBJU!IOT OKOJIO 50 K3B H 100 K3B COOTBCTCTBCHHO. OcHOBHhlC pelyJII.TaThl KOTOphle Mhl 

IIOJI)"IBJIH ,!1Jill MIIKH)l: 
• Bi,1c0Kal! npoHJBO,AHTeJII.HocTh H cKopocTh (npn6n. Mr!l) 
• Hn3Kal! 34>4>eKTHBHOCTh perncTpaQHH (<10-6) ct>oHa raMMa-nyqeH: H pellllTHBHCTCKHX 

'laCTH!l 

• Xopomee pa3pemeHHe no speMeHH - 450 nc 

• Xopomee Koop,11nHaTHoe palpemeHne - 1 MM 

• BhlCOKal! 34>4>eKTHBHOCTI. (- 100%) ,!IJill perncTpmHH J!ACPHLIX cl>parMeHTOB 

• HeJHa'l:HTCJII.HOC BJIHllHHC Ha 3HCprnIO cl>parMeHTa ( cl>parMeHT ,!IBHlKCTCll c IIOCTOllHHOH 

CKOpoCThIO BHYTpH ,!ICTCKTOpa) 

B paMKax ,11nccepTmHH 6hlna npoee,11eHa cne.ll)'IOIIIal! pa6oTa: 

• )leTCKTOp 6hlJI HCIIhlTaH B na6opaTOpHhlX ycnOBHJIX, 6hlJIH HaH,!ICHhl OIITHMaJILHI.Ie 

napaMCTphl (.lllill IIOJIY'ICHHll npneMJieMoro BpeMCHH H pa3peIIIeHHll IIOJIOlKCHHll ,!IJill 

HCCJIC,!IOBaHHll pe~HH:, BalKHhlX ,!IJill JIACpHOH acTpocl>HJHKH). 

• )leTCKTopHal! cncTeMa TaKJKe 6hlJia nposepeHa ua ycKopnTene, ,110Ka3hlBal! 'ITO 

,!ICTCKTOpHal! CHCTeMa cnoco6Ha pa6oTaTI. B nyqKax BhlCOKOH HHTCHCHBHOCTH H 

HC'!YBCTBHTeJII.Ha K MHHHMYMY HOHH3Hp)'IOIIIHX 'l:aCTHJ:l 

• Hoehle MeTO.llhl 6hlJIH peanHJOBaHhl ,AJill perncTpmHH cHrnanoe, c6opa H auanHJa 

,!laHHhlX. 

• EhlJTa H3MCpeHa HOHH3a!lHOHHhle IIOTepH aJILcl>a-'l:aCTHll B MCTHJTanI.HOM ra:Je. 

• EhlJTO nccne,11osaHo KJTacTepHal! cocTOllHHe B 
16

0 c 3HeprneH: 15,1 M3B c 

HCIIOJII.30BaHHCM npoTOHHhlX ny'IKOB Ha EpeBaHCKOM npoTOHHOM J:lHKJTOTpOHe H 

na:JepHhlX KOMIITOHOBCKHX ny'IKOB o6paTHoro paccel!HHll Ha ELI-NP. 

• Ehlno npeMolKeHo HJMepnTI. nonepe'l:Hoe ce'l:eHHe 
16

0(y, a)
12

C Ha HlyS (ncTO'IHHK 

raMMa-HlJTY'ICHHll BI.ICOKOH HHTCHCHBHOCTH). 

• A TaKlKC 6hlJia npeMOlKeHa HCCJie,!IOBaHHe CIICKTpoCKOIIHH paCIIa,!laIOIIIHXCll IIHOHOB 

JICrKHX rnnepJ!Aep Ha 3JICKTpOHHOM H npoTOHHO-ny'ICBOM 06opy,110BaHHH c 
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HCIIOJII.30BaHHeM MCTO,!la paCCTOllHHll OT,!1a'IH .l1Jill pa3,!1CJICHHll o6pa3)'!0IIIHXCll 

rnnepll,!1ep H MarHHTHoro CIICKTpOMeTpa ,!1Jill TO'IHOro H3MepeHHll HMnyJILca 

pacna,11a10merocll IIHOHa. 

He,11ocTaTKOM ,!1CTCKTopa llBJilleTCll HH3Kal! CBCTHMOCTh H3-3a Manoi% IIJIOTHOCTH aTOMOB-MHIIIeHeH. 

naJepHOe o6paTHOC paCCCllHHC ,!1aCT BhlCOKO HanpaBJICHHI.IH ny'l:KOBMH ny'IOK ct>oTOHOB, TaK 'ITO 

3TOT HC,!IOCTaTOK MOlKHO YMCHbIIIHTh, HCIIOJII.3Yll MHOrQMO,!lyllbH)'IO CHCTCMY c aKTHBHOH 

MHmeHI.IO c ,!10CTaTO'l:HOH o6meH: MllHOH, 'IT06hl o6ecrre'l:HTh Heo6X0,!1HM)'IO CBCTHMOCTh .l1Jill 
3KCIICp!iMCHTa. 

fclpLlwbllwJflll wlfi.nflll pf111wtu gwbp t:llbpq.flwlfwll Lff12nLlfWJflll 
nbwlfgflwllbpfl nLunLLfllwuflpnLpJwll hwLfw11 

ULf LfmLfmLLf 
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:Llmpm4 1ulqpu4mtnm uri1uf€l1uLlupmmul 1112qpmu4rim 

Llmpm4 lj9Llulfl • dpmf€l1uLlmhLlq Ll1urim4t.Jriu LlmLlmpmd 'bLlmhmpm4 Llml1ut.Jupmpbmd 
ljn..jmLllj€l l14111hm pulq9Llubm111bo _lqp5mnriqtnpuh ::i l.JuLlmh uri1uf€l1uLlq€l 
nfm 'Llmdm1q111q4 '6ri1ulfl rilJfmriu111u<t rimf€l1u9mpt.JLlulllJ1u Ll9Llmd ::i nljlm111 u6ri1ulfl 
Qmpu5111q4 rilJfmuqbm1 :dpmf€l1u111n..j LlQm5 ljLlql'lJ1u111m ljmn..jmulj€l Qmpuupmrimpfmtn 
.::i riri1uf€l1up111mmul Ll9m5 mt.J uri1uf€l1uLlq€l rimhml'lJ144 ljbLlmhmpm4 ?LJ5rimLlb 

:Llmpm4 rimp2uLlu 
ljnl1utnplj uiljLlb29 lJriulJtn Qmp4uu111 ,LluiqpuLl111hqtnn rimhmnljribmp TJ 'Llmpm4 
1ulq6mri9rimum riLJuqrih1u6ljpLlqtnlj4 Qm5m6mum .rimhlJrin..jq111 1ulqlflm? 
rimf€l1uLlupmuq4 ljuqrihlJrinmp QmpLl5uiq4 pulq9Llubmuibo .mLlp ljLlq6rilfl 
rilJfmriu111uLltn Tl rilJfmriuu111hql::i 'mljtnuhnuLl111hqtnn ljuqririuLJtn Qmp4uLl111 
Llmpm4 ljuqrih1u6ljpuqtnlj4 T]€lq€l lqri5mrimhmLllj ::i lqlJhmLl6mum TJmri nqtn?ri'-l • 

:(6ri1ulfl rilJfmbmum9 mppmb rimf€l1upljnriq111ri4 
Ll9Llmd) p1u -SAIH ilct9mpLl111h ljfmlj5hmqu ;)z1(n '.1.)091 lqlflm? ::i lqlJhLlm6mun • 

:pu6rilfl 
rilJfmriu111tnpuh rilJfmLlqbml QmpLl5111q4 4 -dN-113 1q il6ri1ulfl LJriuuuilhlJ5 
rilJfmriuuiuLltn LJrimTJLlq pulq9Llubm111bo .111u€lf1uuljui rimhmljbuqri::i Nfl 
l"Sl ilLlqhm9ljp 1'llJfmLlq111nmlh lJh1u6ljJ1 091 lqpljnml'lJ11UnlU ::j lqlJhLlm6mtJTI • 

:p1ulflm? ljuqri111muLluh 
rimp5mriu4 ljuqrihlJrinmp m<tlm 6qp ljbmb ri4fmllj€lqp ::i lqpmLl111m1-i • 

:Llmpm4 
rimphm2p Tl rimpctmpm4 ljuqrilmfllui uqrit.Ju€lqp rir1ubmuuri riq lqpumLllji, • 

:dpmp111mhri ljuqrihlJrinmp lJriu<t 46rilfl ::i ri1ufmbbrim rirm Llu 
lqpL1111 ::i 5f1us :hmm LJ6rilfl pmf€l1uplJnriq111rilJ Ll9Llmd lq9Llub ::i lluLlmh rirm Llu 
'pulq51u5mtnm • mLlp lj?51u5mbmLlm rilJfmLlumhqprilJ llulJri111b p1u1111u111ljuin'ly 
ljfmhljblj~ LJrimTJLlq ::i lqlJhLlm9Llulfl nqtnrif1uri ilbLlmhmpm4-Llu111hq111q-t, • 

:(Llmpm4 1ulqLlljnml'lJ11umu 
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rimf€l1uhmri1u91ul lj111mrilJuLluuh 1q hmrimpmp) ilLlqLluiqpmLlmtn lmplj111tno 
riq lqlJri111b 'p1uuqririmpfmtn Llu111mLludml ::i lqlJhLlm9Llulfl ilLluuihq111qt, • 
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