'—'—g = TRUONG DAl HOC SU PHAM TP HO CHi MINH HO CHI MINH CITY UNIVERSITY OF EDUCATION
. SP. | TAP CHI KHOA HOC JOURNAL OF SCIENCE
ISsN: ~ KHOA HOC TU' NHIEN VA CONG NGHE NATURAL SCIENCES AND TECHNOLOGY

1859-3100 Tép 15, SO 12 (2018): 167-175 Vol. 15, No. 12 (2018): 167-175

Email: tapchikhoahoc@hcmue.edu.vn; Website:http://tckh.hcmue.edu.vn

THIET KE NGUYEN TAC HE THONG DAN CHUM
POSITRON CHAM BANG CHUONG TRINH MO PHONG SIMION
Bui Xuan Huy", Cao Thanh Long?, Trdn Quéc Diing?

! Trirong Dai hoc Sur pham Thanh phé Hé Chi Minh

2 Trung tdm Hat nhan Thanh phd Hé Chi Minh
Ngay nhén bai: 05-10-2018, ngay nhdn bai sta: 15-11-2018, ngay duyét dang: 21-12-2018

TOM TAT

Hé thong ddn chum positron chdm 1a mét thiét bi quan trong trong nghién ciu vat Ii va ki
thudt positron, dac biét duroc 1ing dung trong nghién ciu vat liéu. Bai béao trinh bay cac két qua
nghién ciru va 4p dung chiong trinh md phong quy dao hat mang dién Simion dé xay dung cac md
hinh thiét ké kha thi cho hé thong. Mét sé tinh toan md phong thi: nghiém quy dao chuyén dong cia
chim hat positron @3 dwoc tién hanh nham muc dich so sanh gira cac mod hinh. Tir d6, mét md
hinh thiét ké nguyén tic da dwoc dé xudt d@é lam co sé cho viéc xdy dung hé thong dan cham
positron chdm thuc té cd thé duoc thuc hién trong twong lai ¢ Viét Nam.

Tir khéa: chuong trinh md phong, hé thdng dan cham positron cham, Simion, thiét ké
nguyén tac.
ABSTRACT

Conceptual design of a slow positron beam system using Simion simulation program

The slow positron beam system is an important device in the study of positron physics and
techniques, especially in materials research. Article presents the obtained results in studying and
applying a charged particles trajectory simulation program — Simion to build feasible design
models for the system. Some positron beam trajectory calculation tests have been performed by
comparison between the models. From that, a conceptual design model has been proposed as a
basis for building a real slow positron beam system in the future in Vietnam.

Keywords: conceptual design, slow positron beam system, Simion, simulation program.

1. Mé dau

Phuong phap phd ké hay cip positron (Positron Annihilation Spectroscopy — PAS)
dong vai trd quan trong trong viéc nghién ciu céc dang sai hong vat liéu, cau tric nano
ciing nhu trang thai kim loai, tap chat bén trong vat liéu [1]. Do cac ngudn positron dong vi
truyén thong duoc sir dung trong phuong phap PAS c6 dic trung phét positron véi phd
phan bd ning lugng lién tuc, phuong phap nay khong cung cip dugc nhiing thdng tin chi
tiét vé cac sai hong bé mat vat liéu nam & cac do sau khac nhau [2]. Pé khic phuc nhugc
diém trén, cac hé théng dan chim positron chim da dugc ché tao va dua vao hoat dong tai
mot s6 vién nghién ciru, phong thi nghiém va cac truong dai hoc 16n ¢ cac nudc phéat trién,
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nhiam muc dich tao ra cdc chum positron don ning c6 ning luong thip dé thay thé cho
ngudn phat dong vi truyén théng. Céc hé théng nay, mac di c6 cac thiét ké khac nhau
nhung van tuan theo mot nguyén Ii thiét ké chung. Mot ti 1¢ cac positron c6 ning lugng cao
phét ra tir ngudn phat dugc lam cham dé tro thanh céc positron cham c6 ning luong thip
(vai eV) va tuong d6i don ning. Cac positron cham sau d6 dugc gia toc nhe nho bo phan
tién gia toc va duoc dan qua mot bo phan loc ning lugng dé tach cac hat positron ¢ ning
lugng cao ra khoi chim tia. Cham positron cham twong d6i don niang sau khi duoc loc ra
khoi chum tia ban dau tiép tuc duoc dan qua mot bo phan gia tée dé duoc gia toc dén mot
muc ning luong can thiét va dugc dan dén budng chira mau dé ban phé bé mit caa vat liéu
can khao sat.

Trung tm Hat nhan Thanh phé Ho Chi Minh (Trung tdm) budc dau da &p dung cac
phuong phap PAS, bao gém phuong phép do thoi gian song positron va gian né Doppler
dé nghién ciru mot sé tinh chét vat liéu kim loai, dng nano carbon, zeolite va da c6 duoc
mot sb két qua nhat dinh [3] - [6]. Tuy nhién, ngudon phat positron cha yéu duoc sir dung la
ngudn ??Na c6 phd ning lwgng rong, gay han ché rat I6n dbi vai cac nghién ctu tinh chat
bé mit vat ligu. Do d6, nhu cau xay dyng mot hé thong phat chim positron cham trong
twong lai tai Trung tim dé phuc vu cho cac nghién ciru va tng dung chuyén sau la rat can
thiét. Bé dam bao tinh kha thi cho viéc xay dung h¢ thong, cong viéc tién quyét can lam &
giai doan dau 1a tim hiéu va s dung cac chuong trinh md phong quy dao hat dé phuc vu
cho viéc thiét ké nguyén tic cho hé thong. Trong sé cac chuong trinh md phong tiéu biéu,
chuwong trinh Simion véi nhiéu tinh ning tot dd va dang dugc s dung rong réi véi ung
dung chinh la md phong cac truong dién tir va tinh todn quy dao cua hat mang dién trong
dién tir truong. Chuong trinh Simion d& dugc st dung cho viéc nghién ciru xay dung cac
hé théng din chum positron cham tai mot sé phong thi nghiém trén thé gisi nhu: Vién
nghién ciru Rossendorf (Buc), Phong Thi nghiém Qudc gia Lawrence Livermore (Hoa Ki),
Trudng Pai hoc Bath (Anh) va tai cac nude khac nhu Israel, Trung Quéc [7] - [10]... Bén
canh d6, mot sb tinh todn md phong thir nghiém dua trén thiét ké tham khao cua hé thng
SPONSOR thugc Vién nghién ctru Rossendorf bang chuong trinh Simion d4 dugc nhom
nghién ciru tai Trung tam thuc hién [11] va su phi hop giita két qua md phong vai cac két
qua tinh toan, do dac thyc nghiém caa hé thong SPONSOR da chang to chwong trinh
Simion 1a mot cdng cu tinh toan thich hop, c6 thé duoc st dung cho viéc thiét ké nguyén
tac hé thong din cham positron cham.

Bai bao trinh bay céac két qua nghién cau ap dung chuong trinh mé phong Simion dé
xay dung cac mo hinh thiét ké kha thi cua hé thong dan chim positron cham dua trén
nguyén li thiét ké cua mot s6 hé théng tiéu biéu da duoc dua vao hoat dong trén thé gioi va
tir 46 dua ra mot md hinh thiét ké nguyén tic kha thi lam co s¢ cho viéc thiét ké ki thuat,
ché tao va xay dyng hé théng dan chim positron cham c6 thé dugc thuc hién trong twrong
lai tai Trung tam.
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2. Noidung
2.1. Téng quan vé chwong trinh md phéng Simion

Simion la mot chuong trinh md phong chuyén dung dugc sir dung d¢é mé hinh hoa,
mo phong cac trudng tinh dién va tir truong dong thai tinh toan quy dao chuyén dong cua
hat mang dién trong dién tir truong [12]. Mot cach tong quan, chuong trinh Simion giai
quyét hai bai toan chinh bang phuong phép s6 bao gém tinh toan cac trudng tinh dién, tir
trudng va bai toan xac dinh quy dao chuyén dong cua hat mang dién trong dién tir trudng
d4 duoc tinh toan. Phuong phap sai phan hitu han (Finite differential method) duogc ti uu
h6a bang ki thuat Iip over-relaxation dugc chuwong trinh sir dung dé giai quyét bai toan tim
nghiém phwong trinh dao ham riéng tirng phan, cu thé 1a phwong trinh Laplace (hoic
phuong trinh Poisson) nham xac dinh gia tri thé tai mi diém trong khdng gian cua truong.
D4i voi bai toan xac dinh quy dao chuyén dong cia hat mang dién, chuong trinh str dung
phuong phap tich phan sé Runge-Kutta bac bén dé dy doan van tdc va vi tri caa hat mang
dién dua vao cac thong sé phét hat ban dau duoc xac dinh boi nguoi dung va dya trén
truong thé 4 duoc tinh toan, qua d6 xac dinh quy dao cua hat trong trudng tinh dién va tir
truong d& dugce xac dinh trude d6. Mot trong nhitng tinh nang cuc ki htu ich cua chuong
trinh Simion 14 viéc c6 thé st dung ngdn ngir 1ap trinh ngay bén trong chuong trinh, trong
d6 trinh bién dich ngdn ngir Lua (Lua 5.1) d& duoc nhing truc tiép bén trong chuong trinh
Simion tu phién ban 8.0 tr¢ di. Viéc su dung ngdn ngir Lua gidp mé rong kha nang mo
phong ctua chuong trinh mét cach linh hoat va hiéu qua.
2.2. Phwong phdap nghién curu

Dua trén thong tin ¢ thé tiép can duoc tir cac thiét ké hé théng dan cham positron
cham ma nhom nghién ctru ¢4 tham khao, mot s6 md hinh thiét ké hé théng d& duoc xay
dung bang chuong trinh mé phong Simion. Vi sy han ché vé kha niang ung dung cua
chuong trinh, cac md hinh thiét ké nay chi dung ¢é méd phong nguyén Ii hoat dong caa mot
hé thong dan chim positron cham mot cach don gian chir chua phai la cac thiét ké chi tiét
ki thuat. Cac mé hinh mé phong duoc chia lam hai loai sau:

- M6 hinh mé phong thiét ké theo dang thang, sir dung phuong phap loc chuim positron
cham bang bo loc dién tir truong ExB (Hinh 1).

- M6 hinh md phong thiét ké theo dang cong, sir dung phurong phap loc chiim positron
cham bang doan dng cong két hop vai tir truomg va duoc chia lam hai mé hinh riéng ¢ bao
gdom md hinh s dung doan dng cong véi goc cong 50° dua trén thiét ké cua hé thong
SPONSOR [13], [14] va md hinh ding doan dng cong vai goc cong 90° duya trén thiét ké
caa hé thdng cua Truong Pai hoc Halle [15] (Hinh 2, 3).
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Hinh 1. M6 hinh h¢ thong thiét ké theo dang thang
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Hinh 2. M6 hinh hé thang thiét ké theo dang cong véi goc cong 50°
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Hinh 3. M6 hinh hé thong thiét ké theo dang cong goc cong 90°

Sau khi xay dyng thanh cong cac mod hinh mé phong trén, nhém nghién ciru d4 tién
hanh mot s6 tinh toan thir nghiém mé phong quy dao chuyén dong cua chim hat positron
nham muc dich so sanh giita ca&c mé hinh dua trén viéc khao sét chat lwong cua chim hat
positron thu duoc tai bia mau cho ca ba mé hinh thiét ké. Chum hat positron dugc mo
phong vai cac thdng sé dau vao gidng nhau cho cac md hinh cho mdi truong hop khao sét.

Céc truong hop khao sat da dwoc thuc hién bao gom:

- Khao sét tinh todn quy dao bay cua chum hat positron don nang. Khao sat nay duoc
thuc hién nhiam danh gia do hoi tu va d6 don ning caa chim hat positron thu duoc tai bia

mau cta cac md hinh.
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- Khao sat tinh toan quy dao bay cua chum hat positron don nang trong truong hop
mot cudn solenoid bi léch khoi vi tri t6i wu ban dau. Khao sat nay duoc thuc hién véi muc
dich danh gia do nhay cua chit luwong chum hat positron thu duoc tai bia mau khi phat sinh
tinh hudng lap dit sai vi tri caa mot cuon day solenoid, din dén sai léch tir truong ti vu
doc theo truc ciia cac mo hinh.

Nhom nghién ciru ¢4 danh gia, so sanh cac két qua tinh todn mé phong va dua ra Iya
chon thiét ké duoc xem 1a t6i wu nhat trong s6 cac mod hinh. M6 hinh téi uu nay duoc dé
xuat 1am mé hinh thiét ké nguyén tic cho hé thdng dan chim positron cham cé thé duoc
xay dung trong tuong lai. Ban thong s thiét ké cudi cling caa md hinh s& bao gdom cac
thdng s vé dang hinh hoc ciia hé thdng, thong so thiét ké cua cac cuon day dién tao tir
truomg va théng s vé dién &p caa mé hinh téi wu duoc lya chon.

3. Két qua va thao luan

Truong hop 1. Khao sat mé phong vai chum hat positron don nang

Chuong trinh Simion dugc sir dung dé md phong quy dao bay ciia chim hat bao gém
1000 hat positron don ning, c6 dong ning ban dau 3 eV phat ding hudng tir cira 6 nguon
gia dinh cho tirg md hinh thiét ké. Gia tri cao thé duogc cung cap cho bo phan tién gia toc
va bo phan gia téc cho ca ba md hinh mot cach twong tng 1a 27 V va 30 kV. Céc két qua
thong ké caa chim hat positron thu duoc tai bia mau cho mdi mé hinh dugc trinh bay trén
Bang 1. Cac két qua biéu dién phan bé cham hat va phan bd ning luong cua cham hat tai
bia mau cho mdi mé hinh dugc md ta trén Hinh 4 va Hinh 5 dudi day.

Bdng 1. Két qud thong ké tai bia mau trong trirong hop khao sét
vagi chum hat positron don nang

M&é hinh M6 hinh dang cong  M®& hinh dang cong
dang thing véi goc cong 50° véi goc cong 90°
Ton? SO positron phat ra tur 1000 1000 1000
nguon
T_ong fo positron dén dugc 789 807 795
bia mau
T_1 1€ Eosnron dén duoc 78.9% 80,7% 79.5%
bia mau
Béan kinh tiét dién chum 275 mm 239 mm 279 mm

positron tai bia mau
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Hinh 4. Phan bé ciia chuim hat tgi bé mgt bia mau cho md hinh thiét ké theo dang thang (a),
thiét ké theo dang cong véi géc cong 50° (b)
va goc cong 90°(c) cho truong hop khao sat cham hat positron don nang
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Hinh 5. Phan bé nang lwong cia chim hat tai bé mat bia mau
cho mé hinh thiét ké theo dang thang (a), thiét ké theo dang cong véi goc cong 50° (b)
va gac cong 90° (c) cho truong hop khao sat chum hat positron don néing

Tir céc két qua khao sat cho truong hop 1, ¢6 thé thiy duoc chiim hat positron thu
duoc trong trudng hop st dung md hinh véi goc cong 50° ¢6 ban kinh tiét dién chum hat
phan b trén bé mat bia mau 1a nho nhat, do d6 c6 do hai tu tdt hon so vai hai md hinh con
lai. Ngoai ra, ph6 phan bd ning luong cua chim hat positron thu dugc cho ca ba mé hinh
thiét ké cé dinh phd nam xung quanh mirc ning lrong 30030 eV. Két qua nay phl hop véi
dinh nang luvong da duoc du doan sé& thu dugc khi khao sat chum hat positron don nang
3 eV duoc tién gia toc vai dién ap 27 V va duogc gia tdc vai cao thé 30 kV. Bén canh do,
két qua danh gia phd phan bé ning luong con cho thay d6 rong ban cuc dai cia phd ddi
vai md hinh thiét ké vai goc cong 50° (FWHM = 1,34 eV) la nho hon so véi két qua tinh
toan cho md hinh thiét ké theo dang thang (FWHM = 5,50 eV) va mé hinh thiét ké vai
géc cong 90° (FWHM = 5,71 eV). Két qua nay cho thdy cham hat positron thu dugc tai
bia mau d6i voi mé hinh thiét ké vai goc cong 50° 1a tuong dbi don ning hon so véi hai
mo hinh con lai.
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Truong hop 2. Khao sat md phang véi chum hat positron don nang trong trirong hop
mét cugn solenoid b; Iéch khéi vi tri téi wu ban dau

Quy dao bay caa chim hat don ning dugc md phong vai cac thong sé dau gidng
truong hop 1 da dugc khao sat trong trudng hop cudn solenoid bao quanh bd phan gia téc
cua mdi mé hinh thiét ké duogc gia dinh bi léch khoi vi tri t6i vu ban dau véi cac do léch
1 cm va 2 cm. Cac két qua so sanh phan bé caa chim hat positron thu dwoc tai bia mau cho
cac mo hinh thiét ké dugc md ta tuong tng trén cac Hinh 6, Hinh 7 va Hinh 8 dudi day.

}‘ }JI Yy

h

(a) HH ! HHH (c)

Hinh 6. Phan bé cua chim hat tai bé mét bia mau cho mé hinh thiét ké theo dang thang
khi khéng lam Iéch cugn solenoid (a) va lam Iéch cugn solenoid 1 cm (b) va 2 cm (c).

AT Y Ya Yi

T

F

ST Hx
'_",1.“ 3 f._.

Ha) Hoh) et ©

Hinh 7. Phan bé ciia chim hat tai bé mat bia mau cho md hinh thiét ké theo dang cong 50°
khi khéng lam léch cugn solenoid (a) va lam léch cugn solenoid 1 cm (b) va 2 cm (c).
Vi Ya Yi

¥

(a] i (b) (c)

Hinh 8. Phan bé ciia chim hat tai bé mét bia mau cho md hinh thiét ké theo dang cong 90°
khi khéng lam léch cugn solenoid (a) va lam léch cugn solenoid 1 cm (b) va 2 cm (c)
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Tir cac két qua khao sat cho trudng hop 2, ¢6 thé thay dugc véi mo hinh thiét ké theo
dang thing st dung bo loc ExB, do léch caa cudn solenoid bao quanh bo phan gia téc anh
huéng rat nhidu dén ti 16 cac hat positron dén dugc bia mau. Véi trudng hop cudn solenoid
bi léch 1 cm, sy sai léch cua tir truong lam cho cac positron cham sau khi ra khoi bo loc
ExB gan nhu bi chin hoan toan bai khéi collimator va 1am cho sb hat ¢én dugc bia mau rat
it. Trong truong hop cudn solenoid bi léch 2 cm, tham chi khong cé hat positron nao dén
duogc bia mau. Db voi hai md hinh thiét ké theo dang cong, két qua so sanh cho thiy chim
hat positron thu dwoc tai bia mau véi md hinh thiét ké theo dang cong véi goc cong 90° bi
sai léch nhiéu hon so véi viéc st dung mé hinh vai goc cong 50°, tham chi chim hat
positron thu dwgc con bi thay d6i hinh dang trong trudng hop cudn solenoid gia dinh bi
léch 2 cm nhu mo ta trén Hinh 7. Céc két qua so sanh trén cho thdy chat luong ciia chum
hat positron thu dugc vi md hinh thiét ké theo dang cong vai goc cong 50° sé it nhay Vi
sai s6 gay ra bai cua sy léch vi tri cudn solenoid so vai viéc sir dung hai md hinh con lai.

4. Kétluan

Théng qua viéc thuc hién nghién ciu nay, nhém nghién ciru ¢4 niam dugc nguyén Ii
chung ciing nhu cac thanh phan chinh cia mot hé thdng dan cham positron cham; dong
thoi, st dung churong trinh md phong Simion dé xay dung thanh cong cac mé hinh thiét ké
kha thi cho mot hé théng dan cham positron cham. Tir viéc xem xét tinh kha thi cua cac
mo hinh thiét ké va danh gia cac két qua tinh toan moé phong thir nghiém dan dén két luan
rang md hinh thiét ké theo dang cong véi goc cong 50° téi wu hon so v6i hai md hinh con
lai. Pay s& 12 md hinh duoc dé xuat 1am thiét ké nguyén tic va lam co so cho viéc thiét ké
chi tiét ki thuat cac thanh phan thiét yéu cua hé théng dan chim positron cham cé thé duoc
xay dung trong tuong lai. Vi md hinh thiét ké nguyén tic d& duoc lya chon, céc théng sb
cua md hinh c6 thé duoc thay ddi va hoan thién mot cach linh dong qua dé c¢6 thé tdi vu
hoa hon nira cac théng s ki thuat mot cach kha thi va hop Ii nhat truge khi tién tai viéc
thiét ké, xay dung hé théng thuc té.

% Tuyén bé vé quyén loi: CAc tac gid xac nhén hoan toan khéng c6 xung dét vé quyén loi.
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