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DESIGN DEVELOPMENT OF DOUBLE-LAYER BEAM SHAPING ASSEMBLY USING
EXTENSION NOZZLE TO INCREASE THE QUALITY OF EPITRTR]VIAL NEUTRON BEAM

AS A BORON NEUTRON CAPTURE THERAPY NEUTRON SOURCE

Double layer beam shaping assembly (DLBSA) is a system that moderates fasl neutrons into epilhermal neutrons.
Thc epithcrmal ncutrons that leave the aperture in the DLBSA system are broadened in the space, thereby rcducing the
intensity and homogeneity of the epithermal neutron beams. Therefore, it is necessaD. to improve the design. The
development ofthe DLBSA design was caried out using an extension nozle. The nozzles are dcsigned using materials
made in thrce configurations, namely Ni+LiF load polyethylene, PbrLiF load polyethylene, and Bi+LiF load
polyethylene. The simulation rcsults show that lhe addition ofa nozzle at the tip of the DLBSA can channel the beam

more directionally with high iatensity. The addition of nozzles with Ni+LiF load PE material produces an epithermal
neutron bcam that meets the IAEA standards.

Keywords', extension nozzle, double layer beam shaping assembly, epithermal neutron, boron neutron capture
therapy.

l. Introduction

Boron ncutron capture therapy (BNCT) is one of
the cancer thcrapy mcthods currently developed. ln
BNCT therapy, a neutron beam is needed to induce
the roB(n, o)7li reactions in cancer cells. The key to
a successful cancer therapy using the BNCT mcthod
is determined by, among others, the accumulation of
''B in cancer cells and the availability of an

appropriate neutron source. The reaction produces
alpha and lithium particles that can damage the
cancer cclls [l ].

lnitially, nuclear reactors were used as the source
of neutrons. However nuclear reactors are

constrained by several things, which include
requiring very tight security, the presence of
radiation waste from fission reactions, very high
costs in the establishment, and difficulty in
concession [2, 3]. Hence, more environmentally
friendly neutron sources are developed in form of
tandem accelerators and proton accelerators [4, 5]. A
proton accelerator produces fast neutrons using
beryllium or lithium targets [6].

One type of proton accelerator is the cyclotron. It
has been dcveloped in many countries, including
Korea and Japan. Korea developed the accelerator-
based boron neutron captue therapy (AB-BNCT)
and Japan developed the cyclotron-based epithermal
neutron source (C-BENS). C-BENS uses protons
with an energy of 30 MeV and a beryllium target.

The interaction of protons and beryllium targets
produces fast neutrons through the reaction
eBe1p, n;eB. Fast neutrons produced by a C-BENS
accclcrator cmit energy up to 28 MeV with a total
flux of l-9 ' lOla D/s/mA-l [7]. Thc neutrons emitted
by the beryllium are highly cnergctic and need to be
moderated into epithermal neutrons using beam
shaping assembly (BSA) for BNCT. To fulfill
epithermal neutrons as a neutron sourcc for BNCT, a

DLBSA model has been developed [8].
Thc DLBSA that has been developed is capable

of producing an epithermal neutron flux close to the
IAEA standard of lOe n/(cm'?'s). Epithermal neutrons
flow through the aperturc resulting in a neutron
beam that radiates sideways (broadened in the
space). As a result, the further away fiom the
aperture the neutron beam decreases in intensity [9].
Thcreforc, it is necessary to have a new design of
DLBSA that can reduce the neutron beam that
spreads out fiom the aperture so that the epithermal
ncutrons are collected and channeled cffectively.
The approach in the new DLBSA design is by
adding a nozzle channel at the end of the apcrturc.
With this additional channel, it is expectcd that
neutron beams complying with the requirement of
the IAEA can be directed more conveniently toward
the patient. In this article, the results of the
devclopmcnt of the DLBSA design using additional
nozzles and their effects on improving the quality of
the epithermal neutron beam will be presented.

.1t5
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thermal neuhons. The combination of fast and
thermal neutron filters is materialized by combining
FeC with cadmium material. Besides the cadmium
filter, a gamma filter made of plumbum is installcd

[9]. At the end of the collimator, an additional
channcl is added in the form of a cylindrical nozzlc.

The DLBSA design with additional nozzlcs is
intended for usage in BNCT therapies, which is

more efficient in delivering radiation beams onto
patients. Additional nozzles are also intended to
suppress beam spread as it exis the aperture. The
position of the nozzle is placed at the output end of
the aperture. The shape of DLBSA without nozzles
(basic DLBSA) and with added nozzles is shown in
Fig. l. The nozzle material is made in three configu-
rations, namely Ni+LiF load polyethylene, Pb+LiF
load polyethylene and Bi+LiF load polycthylcnc.
The length ofthe nozzle is 20 cm with a diameter of
12 cm. The evaluation of tlte neutron beam is carried
out at the position of the output end ofthe nozzle.

Bc
\i( feC

Pb. BL \i

Pb. (d

Evalualion
>*

o-
tq,

An evaluation of the characteristics of the neutron
beam coming out of the nozzle was carried out using
the particle heavy ion transport version 3.2. code with
nuclear data JENDL-4.0 [l0]. The evaluation is
carried out at the output tip of the nozzle as shown in
Fig. l. The characteristics ofthe neutron pncduced at
the nozzle output tip are meant to comply with IAEA
standards as shown in the Table.

Borared
Poh.rhlloa

3.1. The characteristics of€pith€rmal n€utron flux

The development of the DLBSA design was
carried out by adding a nozzle at the output end of
the aperture. The resulting epithermal neutrons can
expectedly reduce the scattcring ofthc ncutron bcam

LiF.Pf

C.fr .lI \i

CaFr .{l \iP Nozz la

AI
Fig. l. DLBSA: a - basic DLBSA without the additional nozzle: 6 DLBSA with nozzle extension.

(See color Figure on the joumal website.)

Neutron bcam paramctcrs for BNCT according to IAEA standsrd I I I

Paramctcr Notation (unit) IAEA recommendation

Epithcrmal ncutron tlux ro"oi n-(cm2's) > l,0.l0e

Fast neuuon dose rate / Epithermal neutron flux 4y'q..pi, Gv cm'] < 2,0.10-13

Gamma dose rate / Epithermal neutron flux Dy/9*1, Gy'cmz < 2,0.10 rl

Th€ rdtio ofepithermal and thermal neutron flux (0*l/Od, > 100
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t
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2. Materirls rnd methods

2.1 Design of DLBSA

The proton sourcc modeled in the DLBSA design
is 30 MeV protons generated from a 30 MeV
cyclotron type accelcrator dcvclopcd by thc KURRI
institute in Japan, namely C-BENS. 30 MeV protons
impinge on eBe target producing fast neutrons with
cnergy ranging fiom 0.01 to 28 MeV and total flux
of 1.9. l0la n/s/mA I [7]. The neutrons are subse-
quently processed using a DLSBA into epithermal
neutlons.

DLBSA is modeled with four main components,
namely moderator, reflector, collimator, and filter.
Each component is formed from a combination of
two matcrials. The moderator was chosen from a

combination of aluminum and CaFz materials. The
reflector is selected from a combination of plumbum
with nickel material. The collimator is composed of
nickel and carbon matcrials. Thc final stage is

selecting a combination of fast neutron filters and

:ri C fc{.

3. Results and discussions

Cd
Pb
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and reduce the decrease in the epithermal neutron
flux. The nozzle design combines metal and non-
metallic materials. Metallic materials are intended to
increase the reflectivity of epithermal neutrons. On
the other hand, non-metals are used to absorb
contaminants that accompany epithermal ncutrons,
such as thermal neutrons and fast neutrons.

The results of the evaluation of the spectral
characteristics of the neutron emerging tiom
the DLBSA without a nozzle are shown in Fig. 2.
The spectrum of neutrons is shown in the basic

spectrum of DLBSA. The ncutron encrgy
produced by DLBSA without a nozzle consists
of thermal, cpithermal, and fast neutrons
with predominantly epithermal neutrons in the
energy range l0 6 - l0 2 MeV. The total flux of
cpithermal neutrons before the nozzlc is applicd is
0.5 10e n/(cm2's) (Fig. 3). The value ofthe neutron
flux is included in the category of low epithermal
neutron flux because it is below the IAEA
standard. Low flux causes cancer treatment time
to be more than I h [2].

2,5E+{B

i 2,0E+(E

: -' 1,5Er{E

t ! ,.or**
Z 5,OC+47

l,E-(Il 1,EO6 1,8{13 l,Er{r'
Energy, MeV

- 
t+ (uF+E) --Pb+( UFPE)

Bl+ IUF+E) Sark D18SA

Fig. 2. The neutron flux spechum ofDLBSA output
without and with nozzles.

(See color Figure on the joumal website.)

Thc cvaluation results of the epithermal neutron

flux produced by DLBSA using nozzles are better

than DLBSA without nozles (basic DLBSA). The
addition of nozzles with Pb+(LiF-PE), Bi+(LiF-PE),
and Ni+(LiF-PE) materials can increase thc
epithermal neutron flux (see Fig. 2). The epithermal
neutron flux produced following the addition of
Pb+(LiF-PE), Bi+(LiF-PE) and Ni+(LiF-PE) nozzles

is 1.55.10e, l.j3.l}e, Z.Z5.l}e n/(cm:.s), respec-

tively. The epithermal neutron flux output of
DLBSA with nozzles is higher than without nozzles.

The epithermal neutron flux agrees with the IAEA
recommendation (see Fig.3). The addition of
nozzles from Ni+(LiF-PE) produces the highest

epithermal neutron flux. Nickel material can

transmit thc highest cpithcrmal neutron flux
compared to plumbum and bismuth matcrials. This
is because nickcl has the highest

elastic scattering cross-section: os (Ni) = 26 b,

os (Pb):l l.l I b dan os (Bi) :9.156 b !3 - l5l.

3.2. Neutron flux distribution

The distribution of epithermal neutron flux in
DLBSA without a noz:zle and using a nozzle is
shown in Figs. 4 and 5. The distribution of epither-
mal neutron flux in DLBSA is represented by color

Recommended

value

B.3ic DISSA Pb+UFPE 8l + Llf+t Nl+llFPf
Fig. 3. Thc comparison ofcpithermal neutron flux

of DLBSA output without and with nozzles.
(See color Figure on the joumal website.)

intensity. Low epithermal neutron flux intensities are
depicted in blue and high intensities are shown in
rcd. The Figure shows that the cpithermal neutron
flux is spread out in the DLBSA. The epithermal
neutron flux intensity is highest in the first filter with
z : 0 (shown in red) and increases through the
moderator, collimator, and decreases after passing

through the filter with z > - I00 (shown in yellow).
The decrease in epithermal neutron flux can be
attributed to the change of epithermal neutrons into
thermal neutrons due to collisions with the material
it passes through [6]. The neutron flux produced by
DLBSA without a nozzle was measured at z 20 cm
distance from the aperture is 0.5'l0e n(cm2's).
Without a nozzle, neutron flux tends to spread
sideways after exiting the aperture (Fig. 4). This is
due to the diffi'action cffcct (deflcction) of the
neutron particles. The scattering of the epithermal
neutron beam causes a decrease in the intensity of
the ncutron flux I I 7].

The distribution of epithermal neutrons in
DLBSA using nozzlcs can chamel more directed
beams with greater intensity. Nickel, bismuth, and
plumbum materials are very effective as reflectors
on thc nozzles so that (deflection in direction) of the
neutron particles that spread to the side can be
reduced. Thc use of nozzles can channel the
epithermal neutron beam without a significant

0,OE+{tr

0
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50

-150 -roo -50 0 50

Z,cm

Fig. 4. Epithermal neutron distribution in basic DLBSA. X - wide of DLBSA; Z - length of DLBSA
(See mlor Figure on the joumal website.)
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decrease at a distance of 20 cm (Fig. 5). The effec-
tiveness of the nozzle material in distributing the
epithermal neutron beam is supported by the fact
lhat thc material has a high scattering cross-scction
and low absorption cross-section !3, l5l.

.1.3- Characteristics of contaminants

The neutron beam used in BNCT therapy requires
low levels of contaminants that accompany
epithermal neutrons. The IAEA scts the minimum
standard for contaminants accompanying epithermal
neutrons as follows. The ratio of epithermal neutron

flux to thermal neutron e."i/qd, > 100, the ratio offast
neutron dose rate to epithermal neutron flux Dy'g*i <
.2'10 't Gy'cm2 and ratio of gamma dosc rate to

epithermal neutron ffux Dy'rp*; < 2'10 '3 Gy'cm2 1l 11.

Using nozzles in DLBSA can improve the quality
of epithermal neutrons- The ratio of the epithermal
neutron flux to the thermal neu&on flux before the
nozzle is applied is 50. The attachment of thc nozle
incrcases the 9*,/gr ratio. The value of g*y'gu after

lolo

ro9

ro8

to7

to6

ros

attachments of nozzles made of Pb+LiF load
polyethylene, Bi+LiF load polyethylene, Ni+LiF load
polyethylene are 173, 174, and 274 respectively. The
addition of nozzles for the combination of bismuth
and plumbum, and nickel metals with LiF load
polyethylene materials can reduce the thermal
neutrons that still escapc the thermal filter cadmium.
The decrease is caused by the lithium material, which
has a high thermal neutron absorption cross-section

!81. Polyethylene material which is composcd of
carbon and hydrogenium elements also contributes to
the decrease in thermal neutrons [9]. The value of
the ratio ofthe epithermal neuhon flux to the thermal
neutron flux ec,/cpth has exceeded the IAEA criteria.
Thc value of the ratio of the cpithermal neutron flux
to the thermal neutron flux is shown in Fig. 6.

Adding nozles to DLBSA reduces contaminants
caused by the presencc of fast neutrons accompa-
nying epithermal neutrons. Based on the calculation
of the ratio of the fast neutron dose rate to the

epithermal ncutron flux, Dy'q"pi decreased with the

OJ

l
o

E

i-

-50
Z,cm

o

Fig. 5. Epithermal neutron distribution in DLBSA with Ni+LiF load polyethylene nozzle
X - wide ofDLBSA; Z length ofDLBSA.

(See color Figure on thejoumal website.)
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Recommended value

3(I)

29

2(I)

< lso

+r(D
50

I

o

B.slc DLBSA ( Pt+UFPEI ( Bl+UF+El ( Nl+uF+E,

Fig. 6. The ratio ofepithermal neutron flux to the thermal neutron flux.
(See color Figure on the joumal website..l

attachment of the nozzle. The values of the fast
neutron dosc rate relative to the epithermal ncutron
flux using Pb+LiF load polyethylene, Bi+LiF load
polyethylene, and Ni+LiF load polyethylene
materials are respectively 4.35'10 13, 1.50'10 rr and

The addition of nozzles on DLBSA also affects of
reduction gamma contaminants. Gamma dosc rate

over epithermal neutron flux D/g*i resulting
from the installation of Pb+LiF load polycthylene,

Bi+LiF load polyethylene, and Ni+LiF load

polyethylene materials are 2.74'10 13, 2.26'10 t3 and

1.0'lfrr Gy'cm2 respectively. The gamma dose rate

using Ptri-LiF load polyethylene and Bi+LiF load
polyethylene is still above the IAEA requirement
(Fig. 7). This is because when plumbum and bismuth
materials interact with neutrons, a neutron capturc
mechanism occurs. This mechanism produces gamma

emission I l5]. This is the cause of such high gamma

dose rate in DLBSA using nozzles made of Pb+LiF

0.39'10 rr Gy'cm2. The decrease in the fast neutron
dose rate is caused by fast neutrons still escaping the
moderation process and will collide with the walls of
the nozzle channel as a result, decreasing their
energy to become epithermal neutrons [20].

Recommended value

load polyethylcne and Bi+LiF load polycthyiens
matcrials. The gamma dose rate in DLBSA with
nozles made of Ni+LiF load polyethylene is the

lowest because when neutrons interact with Ni
material occurs elastic scattering without neutron
caphre [2 1 1.

4. Conclusion

A new DLBSA design has been developed with
the addition of a nozzle at the end of thc aperhre.
This addition is intended to reducc beam sprcad and

decreasc beam iltensity. The result of adding a

nozzle at the tip of the DLBSA is the abiliry to
channel the beam more directionally with high

lq0
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Baslc DI-BSA Pb + UFPE tli + L|F-PE Ni + L|F-PE

rDf rDi
Fig. 7. The ratio ofgamma dose rate (Dy) to the epithermal neutron flux without and with nozles.

(See color Figure on the joumal website.)
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intensity. The best nozzle for producing epithermal
neutron beams is DLBSA with the addition of
Ni+LiF load polyethylene material. DLBSA using
Ni+LiF load polyethylene nozzles produces an

epithermal neutron flux of 2.25 lle n/(cm'?'s), the

ratio of the epithermal neutron flux to the thermal

ncutron flux (rp*tlrpil Zlq, the value of the ratio of
the fast neutron dose rate (D) and the rate of the

gamma dose (Dr) to the epithermal neutron flux is

0.39'10 13 and 1.0'10'l Cy'cm', respectively. The

epithermal neutron beam meets the IAEA standards.

The author expresses his gratitude to LPPM
Unsoed which has fully funded this research through
the 2021 Unsoed Basic Research Grant with a
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KTARIFIXASI STATUS JURNAL INTERNASIONAL BEREPUTASI

YANG DIGUNAKAN DALAM KENAIKAN PANGXAT JABATAN 6URU BESAR

Pengusul : Bilalodin MSi

No Nama Judul Karya

llmiah
Jurnal Resume Jurnal

Nuclear
Physics and

Atomic
Energy (Q4)

SJR:0,26

Perbedaan antara isi disertasi dan artikel
ilmiah
1. Disertasi Fokus pembahasan

a. Desain DLBSA menggunakan program
MCNPX dan optimasi Algoritma
Genetika untuk mendapatkan berkas
sesuai standar IAEA.

b. Pengujian berkas menggunakan
panthon air. Pengujian dilakukan untuk
mengetahui daya tembus berkas
tersebut untuk mellihat jenis kanker
apa saja yang cocok diterapi
menggunakan sumber neutron dari
DLBSA.

c. Salah satu konfigurasi DLBSA yang
berhasil dioptimasi menggunakan
metode AG susunan materialnya
Moderator (Al +CaF) + Reflektor
(PblNi), kolimator (Ni + C)) +filter (FeC-

tiF+ Cd)

2. Artikel ilmiah menekankan pembahasan
pada desain DLBSA dengan penambahan
nozel pada ujung DLBSA tersebut dengan
tujuan untuk mengurangi penyebaran
(divergensi) berkas neutron dan
meningkatkan kwalitas berkas neutron
epitermal.
Secara detail fokus pembahasan
a. Desain DLBSA ditambahkan nozel

pada ujung DLBSA.

b. Pemilihan bahan yang cocok untuk
nozel

c. Pengujian kemampuan saluran nozel
terhadap pengurangan divergensi
berkas neutron.

Design Development
of Double-Layer Beam

Shaping Assembly
UsinB Extension
Nozzle to lncrease the
Quality of Epithermal
Neutron Beam as a

BNCT neutron source
Penulis: Bilalodin, A.

Haryadi, Kartika Sari,
Y. Sardjono,
RasitoTursinah

Artikel llmiah merupakan output dari
penelitian Riser Dasar Unsoed tahun 2021 dan
penulisan merupakan kolaborasi teman
sejawat dari Badan Riset dan lnovasi Nasional
(BRIN)( Pemenggang Llcensi PHITS). Artikel
ilmiah ditulis setelah selesai studi tahun 2020.



d. Optimasi konfigurasi nozel untuk
mendapatkan peningkatan berkas
neutron.

e. Konfigurasi DLBSA + nozel susunan
materialnya Moderator (Al +CaF) +

Reflektor (Pb+Ni), kolimator (Ni +C))
+filter (Pbr Cd), filter I Boroted- PE +
nozel ((Pb, Bi, Ni) + tiF-PE).

f. Data yang digunakan tidak ada yang

tercamtum pada disertasi.
Persamaan.
Konfigurasi yang digunakan adalah double
layer masing masing komponen BSA

menggunakan dua Iapisan material.

Kesimpulan: Kebaruan >75%

Dasar pedoman p€nilaian angka kredit
a. Berdasarkan Pedoman operasional

penilaian angka kredittahun 2019 hal. 35
menyebutkan bahwa : artikel yang

dipublikasikan/ diterbitkan di jurnal
nasional terakreditasi, jurnal internasional
selama pendidikan sekolah(tugas/izin
belajar 52 dan atau 53) yang merupakan
sintesis /pengembangan dari disertasi
dapat digunakan untuk kenaikan jabatan

setelah selesai pendidikan, bukan untuk
syarat khusus, dapat dipakai bila terdapat
keterbaruan minimal 75% dari
disertasinya.

b. Semua pemenuhan karya ilmiah syarat
khusus untuk pengusulan ke jabatan

akademlk adalah karya ilmiah yang
diterbitkan setelah lulus studi (kecuali

untuk kelompok pengangkatan pertama
kalinya).



Nama Judul Karya

llmiah
i urnal Resume I urnal

Analysis Of Particle
Distribution ln a
Double Layer Beam
Shaping Assembly
Resulted From 30
MEV-Proton
Reactions With
Berylllum Target
Using The PHITS
Program.
Penulis: Bilalodin,
Gede Bayu
Suparta, Arief
Hermanto, Dwi
Satya Palupi,
Yohannes
Sardjono, Rasito

Journal
Teknologi
(Science &
engineering);
Terindeks:
scoPUS (Q3)

dengan SJR

(2020) 0,le1;

1. Artikel llmiah ditulis pada saat studi dan
disempurnakan setelah studi . Artikel ditulis
bersama pembimbing dan kolaborasi teman
sejawat dari Badan Riset dan Inovasi Nasional
(BRN).Artikel terbit 23 April 2020.
Dinyatakan lulus Studi 27 Pebrua.i 2020.

Perbedaan isi disertasi dan Artikel llmiah
Pembahasan artikel ilmiah

a. Penulisan artikel dilatarbelakangi adanya
permasalahan bahwa desain DLBSA Program
MCNPX tidak mampu memvisualisasikan
secara lengkap interaksi partikel dengan
materi.

b. Desain menggunakan program PH|T5.

c. Dibahas secara mendalam visualisasi
distribusi partikel proton, neutron cepat,
neutron epitermal, neutron termal dan sinar
gamma. Serta jenis distribusi neutron yang
dihasilkan pada ujung DLBSA.

d. Konfigurasi DLBSA mempunyai susunan
material: Moderator (Al +LiF) + Reflektor
(PbrFeC), kolimator (Ni + Borated polyetilen)
+filter (FeC+ Cd).

Pembahasan disertasi
a. Desain DLBSA dilatarbelakangi usaha

mendapatkan desain DLBSA yang
menghasilkan fluks neutron sesuai standar
IAEA.

b. Desain DLBSA menggunakan program MCNPX

dan optimasinya menggunakan metode
bertahap dan Algoritma Genetika. Program
PHITS untuk verifikasi DLBSA generasi ke 30.

c. Optimasi bertahap menghasilkan Konfigurasi
DLBSA susunan materialnya Moderator Al
+BiF3 + Reflektor (PblC), kolimator (N! +

Borated polyetilen) +filter (Fer Cd)
d. Optimasi AG menghasilkan 8 konfigurasiyang

tidak sama dentan jurnaUartikel.
Persamaan
Konsep konfigurasi double loyer yaitu masing-masing
komponen BSA menggunakan dua lapisan material.

Kesimpulan Kebaruan > 75 %

2



Dasar pedoman penilaian angka kredit
Berdasarkan Pedoman operasional penilaian

angka kredittahun 2019 hal. 35 menyebutkan
bahwa : artikel yang dipublikasikan/ diterbitkan di
jurnal nasional terakreditasi, jurnal internasional
selama pendidikan sekolah(tugas/izin belajar 52

dan atau 53) yang merupakan sintesis

/pengembangan dari disertasi dapat digunakan
untuk kenaikan jabatan setelah selesai pendidikan,
bukan untuk syarat khusus, dapat dipakai bila
terdapat keterbaruan minimal 75% dari
disertasinya.

b. Semua pemenuhan karya ilmiah syarat khusus
untuk pengusulan ke jabatan akademik adalah
karya ilmiah yang diterbitkan setelah lulus studi
(kecuali untuk kelompok pengankatan pertama
ka linya ).



3 Nama Judul Karya

llmiah
Jurnal Resume Jurnal

Optimization and
Verification of
Double Layer Beam

Shaping Assembly
(DLBSA) for
Epithermal
Neutron
Generation.
Penulis: Bilalodin,
Aris Haryadi,
Kartika Sari,

Wihantoro

Journal
Teknologi
(Science &
engineering)
;ISSN : 2180-

Edisi: Vol.
84 No. 4:
July 2022
Hal: 103-112
Terindeks :

SCOPUS
(Q3) dengan
sJR (2021)
0.203;

Artikel llmiah merupakan output dari penelitian
Riser Dasar Unsoed tahun 2021. Dilaksanakan
setelah lulus Sudi 2020.

Perpedaan isi artikel ilmiah dan disertasi
Pembahasan artikel ilmiah
a. Perbaikan desain ulang DLBSA menggunakan

program MCNPX dan optimasinya menggunakan
metode AG sampai generasi 21 .

b. Penentuan generasi terbaik dilakukan dengan
cara menentukan parameter ke 1,2,3,4 dan 5
yang berbeda. Sampling diambil generasi awal
(ke 0), generasi menengah ke 10, dan generasi

akhir (ke 21). Sehingga lebih cepat dalam
menentukan generasi terbaik.(hal. 108-109)

c. Hasil optimasi generasi ke 2l dilakukan verifikasi
menggunakan proBram PHITS.

d. Dilakukan analisis hasil desain yang diperoleh
menggunakan MCNPX dan PHITS.

Pembahasan pada disertasi
a. Desain menggunakan program MCNPX dan

optimasi menggunakan metode AG sampai
generasi ke 21.

b. Penentuan generasi terbaik dengan cara

membandingkan satu persatu dari nilai 5
parameter IAEA. (hal 83-85).

c. Tidak dilakukan verifikasi pada generasi ke 21

d. Tidak dilakukan analisa hasil perbandingan dua

metode.

Kesimpulan: kebaruan > 75%

Persamaan
Desain DLBSA sama sama menggunakan program
MCNPX dan optimasinya menggunakan AG sampai
generasi 21.

Dasar pedoman penilaian angka kredit
a. Berdasarkan Pedoman operasional

penilaian angka kredittahun 2019 hal. 35
menyebutkan bahwa : artikel yang

dipublikasikan/ diterbitkan di jurnal nasional

I



terakreditasi, jurnal internasional selama
pendidikan sekolah(tugas/izin belajar 52 dan
atau 53) yang merupakan sintesis

/pengembangan dari disertasi dapat
digunakan untuk kenaikan jabatan setelah
selesai pendidikan, bukan untuk syarat
khusus, dapat dipakai bila terdapat
keterbaruan minimal 75% dari disertasinya.

b. Semua pemenuhan karya ilmiah syarat
khusus untuk pengusulan ke iabatan
akademik adalah karya ilmiah yang

diterbitkan setelah lulus studi (kecuali untuk
kelompok pengangkatan pertama kalinya).
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