THE FIRST EXPERIMENTAL PROJECT UTILIZING THE HUS
PELLETRON IN NUCLEARASTROPHYSICS STUDY

L.X. Chung
Institute for Nuclear Science and Technology, VINATOM, P.O. Box 5T-160,
Nghia Do, Hanoi, Vietnam

Abstract: An overview on the first experimental project, which is
granted by the Ministry of Science and Technlogy (MOST) as part of the
project Grant No. BTDLCN.25/18 within the framework of the Physics
Development Program until 2020, is given. The experiments will utilize
the 5SDH-2 pelletron at Hanoi University of Science (HUS). This project
aims at measuring the cross sections of '°B(a, p)™°C astrophysical
reaction at the Gamov window energies (0.7-3.4 MeV). Firstly, the
physics motivation is discussed. Then, the details of the project for
astrophysics reaction measurements will be presented. Finally, we will
report on the current status including detector test, simulation, and
upcoming work.
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Introduction:

Nuclear astrophysics aims at studying on the origin of chemical elements and the
energy emission of stars. This is an interdisciplinary branch of physics concerning
various subfields: stellar modeling, nuclear reaction rates, physical cosmology,
gamma ray, ... Therefore, this field poses challenges for Vietnamese scientists when
the domestic science and technology are at low level comparing to developed
countries’. It, however, opens research opportunities in suitable aspects in term of
both research region and investment. In this field, there are a few studies done by
Vietnamese authors, for examples [1, 2, 3, 4, 5, 6, 7, 8, 9] for experimental studies and
[10, 11] for theoretical studies. It is noted that the experimental studies were carried
out in international laboratories, mostly in Center of Nuclear Study (CNS), the
university of Tokyo, Japan in a close collaboration between Vietnamese and Japanese
scientists

At the end of 2010, a 5SDH-2 tandem pelletron accelerator was installed at Hanoi
University of Science (HUS) and became operational in 2012 [12]. Its maximal
acceleration voltage is 1.7 MV, resulting in the accelerating energy from 700 keV to
3.4 MeV for singly charged ions, to 5.1 MeV for doubly charged ions, and upto 6.8
MeV for triply charged ions. As the result, the pelletron is not only suitable for
elementary analysis using Proton Induced X-ray Emission (PIXE) and Rutherford
Backscattering Spectrometry (RBS) methods [13, 14, 15] but also for nuclear
astrophysics study. Up to now, the later has been not exploited yet.

The astrophysical origin of the proton-rich isotopes of heavy element (from Se to
Hg) is not completely understood. For example, the production of some light p-nuclei,
such as **Mo and ****Ru could not be explained. The favored y-process in core-
collapse supernova can not produce enough p-nuclei. Thus, there should be other
processes responsible for this deficiency. A new vp-process in the nucleon-synthetic



process, which is highly sensitive to the physical condition of neutron-driven winds
[16], has significantly solved this problem [17, 18].
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DU AN THU'C NGHIEM PAU TIEN SUDUNG MAY GIA TOC PELLETRON
CUA HUS TRONG NGHIEN CUU VAT LY THIEN VAN HAT NHAN

L.X. Chung
Vién Khoa hoc va Ky thuat Hat nhan, VINATOM, P.O. Box 5T-160, Nghia Po6, Ha
No1, Viét Nam

Tém tat: Bai ndi trinh bay vé du 4n thuc nghi¢m dau tién, da duoc Bo Khoa hoc va
Cong nghé (MOST) tai trg théng qua Dé tai Chuong trinh Phat trién Vat Iy dén nim
2020 c¢6 mi s6 DPTPLCN.25/18, sir dung may gia tdc pelletron 5SDH-2 tai truong dai
hoc Khoa hoc ty nhién Ha Noi (HUS). Thi nghiém thudc du an nham muc dich do tiét
dién phan tmg Thién vin hat nhan °B(a, p)*°C v6i ning luong trong ctra s6 Gamov
(0.7-3.4 MeV). Phan md dau trinh bay vé cac van dé vat 1y. Sau d6 1a phan chi tiét vé
Du 4n do cac phan ing Thién van hat nhan. Cudi cung, chiing toi s& gi6i thiéu vé tinh
hinh thuc hién bao gdm viéc kiém tra detector, md phong va cac cong viéc trong thoi
gian tdi.

Keywords: phan tng °B(a, p)=*C

Gidi thiéu:

Muc dich cua Vat Iy Hat nhan thién vin 1a nghién ctu ngudn gbc cia céc
nguyén t6 hoa hoc va ngudn gdc ning luong birc xa cta cac vi sao. Vat Iy Hat nhan
thién vin 1a mot trong nhimng linh vuc nghién ciru lién nganh cia Vat 1y bao gom: mo
hinh sao, tiét dién phan tng hat nhan, vii try hoc vat ly, phan ra gamma,... Boi vay,
linh vyc nay dat ra nhiéu thach thirc cho cac nha Khoa hoc Viét Nam trong diéu kién
yéu kém vé cong nghé khi so sanh vdi cac nudce phat trién. Tuy nhién, né dong thoi
cling dit ra co hoi nghién ctru khi chiing ta biét lya chon nhiing linh vuc phu hop vé
dau tu va thiét bi. Mot s6 nghién ctru vé Vat 1y Hat nhan thién vin d3 dugc thuc hién
bdi cac tac gia Viét Nam bao gdm ca nghién ctru thuc nghiém [1, 2, 3, 4,5, 6, 7, 8, 9]
va nghién ciru 1y thuyét [10, 11]. Trong do, cac nghién ctru thuc nghiém déu duoc
thuc hién tai cdc phong thi nghiém quoc té, dién hinh 13 trung tAm Vat 1y Hat nhan
thudc truong DPai hoc Tokyo, Nhat Ban thong qua hop tac gitra cac nha khoa hoc Viét
Nam va cac nha khoa hoc Nhat Ban

Cubi ndm 2010, may gia toc tinh dién 5SDH-2 da dugc lap dat tai truong Dai
hoc Khoa hoc tu nhién (Dai hoc Quéc Gia Ha N6i) va di vao van hanh nam 2012 [12].
H¢ may gia tbc c6 thé gia toc cuc dai dat 1.7 MeV, do d6, n6 c6 thé dat ning luong
gia toc 1én dén 3.4 MeV ddi vé6i ion mang dién tich +1, 5.1 MeV dbi véi ion mang
dién tich +2 va 6.8 MeV dbi véi ion mang dién tich +3. Vi nhitng nang luong dat
duoc, may gia toc khong chi phu hop duoc dé phén tich nguyén té bang cac phuong
phép nhu: phuong phép phan tich tia X gay ra bdi chum hat tich dién (PIXE), phuong
phép phan tich hat tan xa ngugc Rutherford [13, 14, 15] ma con dugc ing dung trong
nghién ctru Vat Iy Hat nhan thién van. Tinh t61 thoi diém hién tai, linh vuc Vat Iy hat
nhan thién van van chua dugc khai thac.

Ngudn gbc vat 1y cua cac dong vi cac nguyén to ngng giau proton (U Se t61 Hg)
van chua duge hiéu rd. Vi dy, sy hinh thanh ciia mot s6 hat nhan nhe giau proton

(**>°*Mo, **”°Ru ) chua giai thich dugc. Qua trinh y, hay duoc chi trong, trong 16i



c4c vi sao khi chung bi n6 ciing khong thé sinh ra du hat nhan giau proton. Do dé, can
c6 mot qua trinh khac dé cai thién van dé nay. Qua trinh vp-process sinh ra tir qua
triphténghqphatnhén,réitnhayvé’icéc 10" grrrrp e
diéu kién vat 1y cua “bdo neutrino” [16],dd = ¢!
giai quyét dang ké van dé nay [17, 18]. 2
Phan mg hat nhan °Bo(a, p)**C 1a mot
chia khoa cta phan tGng két ndi gitra ving
A < 12 (vung cuia chudi p-p) téi A>12
(ving CNO) va chiju trach nhiém vé qua
trinh vp-process tai vung nhi¢t do Ty =1.5-
3 nhu trén hinh 1. Dai nhiét d6 nay tuong
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ng véi vung ctra sérnﬁng lugng ctia hat 3 4 -“( 2 I
alpha ma h¢ may gia toc tai HUS c6 thé gia T[10” K]
toc dugc. Hinh 1. Luu luong hat nhan (dY /dtz, dY

Véi sy ung h cua By Khoa hoc va  /dt;,,) doi véi phan ting hat nhan tir ving
Cong nghé Viét Nam (MOST), du an A<12 dén A>12 la mot ham cua nhiét do
nghién c@u phan ﬁng hat nhan né@ trén dzjt (T). Ving mau vang 13 vung nhiét do
dugc chap nhan ho trg theo d€ tai sO twong (mg véi qua trinh y-process (T9 =
DTDLCN.25/18 d€ nghién ctru phan tmg 1.5 - 3). Hinh 4nh dugc trich dan tir tai
hat nhan st dung may gia toc SSDH-2. liéu [16].
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