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TOM TAT

Trong bai bao nay, chung t6i thuc hién phan tach thanh phan bitc xg vii tru trong thi nghiém
triing phuing hai detector nhdp nhdy plastic kich thuéc 16n (40cm x 80cm x 3cm day). K7 thudt phan
tch thanh phan bic xa vii tru tur phong nén dua vao phén tich dgng xung tin hiéu duoc ghi nhan
(d4 dwot s6 hda) tir hai detector. Thiét bj dién tir s6 hda DRS-4 véi thoi gian s héa 2GSPS (twong
img do phan gidi thoi gian 0,5ns) dwot sir dung trong viéc sé hda xung tin hiéu tir cc detector.
Trong nghién ciu ndy, ching toi phan tach thanh phan biic xa Vii tru twong téc véi véi bang nhap
nhdy (40cm x 80cm). Trwéc hét, ching tdi phan tich cac bic xg twong tdc trong bang nhdp nhay va
trong bang dan sang dia vao danh gid dé réng xung 10%, 20% va 50%. Ké dén, phan tich méi
twong quan nang luong gitka hai detector dé phan tach thanh phan buic xg vii tru tir phong nén.

Tir khoa: buc xa vii try, detector nhap nhéy plastic, bo sé héa DRS-4.
ABSTRACT

Cosmic-rays/background discrimination by using 2GSPS digitizer
for a coincident two large-size plastic scintillation detectors

In this article, we carried out to study the discrimination of cosmic-rays component from the
radiation background for a coincident experiment of the two large-size plastic scintillation
detectors with 40cm x 80cm x 3cm of each. The technique we used based on the analysis the pulse
shape of the digitized pulse signals recorded for two detectors. DRS-4 digitizer with sampling rate
of 2GSPS (i.e. 0.5nsec time resolution) is employed for digitizing the pulse signals. In this work, we
studied the discrimination of the interactive cosmic-ray component in the scintillation plate of
40cm x 80cm. To do that, firstly, the pulse width of 10%, 20% and 50% is analyzed to discriminate
the interactive radiation in the scintillation plate from the guide-light plate. Secondly, energy
correlation between two detectors is analyzed to discriminate the cosmic-ray component from the
radiation background.

Keywords: cosmic rays, plastic scintillation detector, DRS-4 digitizer.

1. Giéithigu

Burc Xa Vil try duoc phét hién vao nam 1912 bai nha Vit 1i nguoi Uc Victor Hess. Tir d6
dén nay d4 c6 rat nhiéu thi nghiém trén thé gigi nghién ctru cac dic tinh, tinh chat vat Ii cua
birc xa Vvii tru ciing nhu nghién ctu anh huong caa bic xa vii tru tac dong Ién Trai Dt va con
ngudi. Buc xa vii tru dén Trai Dat tir khdng gian bén ngoai con duoc goi la bic Xa vii try so
cap. DI voi hat t6i 1a cac hat mang dién thi c6 dén khoang 90% proton, 9% alpha va céc hat
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nhan niang khéc chiém 1%, va c6 ning luong rat 1on tir 10%V dén 100V [2]. Buc Xa Vil try
so cap khi di vao bau khi quyén cua Trai Dt & tuong tic véi cac nguyén tir chi yéu la oxy va
nito tao thanh “mua rao” cac buc Xa thir cp. Tai vi tri mat dat, cc bic xa thir cip bao gom
biic xa muon, pion, electron, gamma, neutron, v.v. [2]. G ¢6 muon chiém ti I¢ cao véi khoang
60% thanh phan va c6 niang lugng trung binh khoang 400MeV [3].

Dé thyuc hién ghi nhan buc Xa vii tru tai vi tri mat dat, mot so thi nghiém [1,4-7] st
dung céc detector nhap nhay plastic dang nhip nhay hitu co, vi detector nhap nhay c6 dap
g thoi gian nhanh va dé dang tao kich thugc ¢ dién tich I6n. Detector nhap nhay plastic
thuong duoc thiét ké nhu Hinh 1, bao gom cac bo phan nhu bang nhap nhay, bang dan
sang va ong nhan quang dién. O d6 bang nhap nhay la ving cha dinh ghi nhan buc xa,
bang dan sang duoc dung dé “phdi hop kich thudc” gitra bang nhdp nhay va dng nhan
quang dién. Khi birc xa tuong tac v6i bang nhap nhay, cac photon nhip nhay duoc sinh ra
va duoc ghi nhan boi dng nhan quang dién. Xung tin higu dién tir 16i ra tir 6ng nhan quang
dién thé hién ning luong cua buc xa dé lai trong detector. Bé ghi nhan buc xa vii tru, ki
thuat thuong sir dung 1a Ki thuat triing phiing giita céc detector nhap nhay véi nhau. Thanh
phan birc xa vii tru dugc xac dinh thdng qua viing ning luong ghi nhan trén céc detector va
tin hiéu trung phung.

Ong nhén Buc xa
quang dién
</ i /
Bang dan sang Bang nhap nhay

Hinh 1. Thiét ké co ban cia detector nhap nhay plastic ghi nhdn bic xa

Ngay nay, viéc nghién ctru ghi do birc Xa vil tru van duoc quan tdm khong nhitng xac
dinh vé tinh chat vat Ii ma con nang cao kha ning phat trién cac hé théng detector va ki thuat
dién tir sao cho viéc xac dinh thanh phan buc xa vii tru dwoc chinh x4c va cai tién. Tai Phong
Thi nghiém Vat Ii Hat nhan, thuoc Bo6 mon Vat li Hat nhan, Truong Pai hoc Khoa hoc Tu
nhién — PHQG TPHCM, d4 va dang thuc hién céc thi nghiém nghién ctu lién quan dén buc xa
vii tru nhu: Do théng luong buc xa vii tru theo phan bd goc [4], do thoi gian sdng muon six
dung céc detector nhap nhay plastic; do anh huéng ciia buc xa vii try 1én cac hé phd ké gamma
Nal(T1) hay HPGe [5], thi nghiém phan biét viing btc Xa Vil try tuong tac trén bang nhap nhay
hay bang dan sang ciia detector nhip nhay plastic kich thuéc lon [6].

Trong bai béo nay, chling tdi thic hign nghién ciru phan biét thanh phan bic xa vil try
tir btic Xa phong nén cho hé do tring phing hai detector nhip nhéy plastic kich thudéc Ion.
Viéc phén tach vung buac xa vt tru dugc dua vao Ki thuat phan tich dang xung tin hiéu tir hai
detector. O cong trinh [4], ddi vai detector nhap nhay kich thuéc nho, viée xac dinh thanh
phan biic Xa vii try dyua vao phd ning lugng dé tach thanh phan buc xa vii tru ra khoi phong
nén (nhu mé ta & Hinh 2a). B4i vai detector nhap nhay kich thudc 16n, thanh phan phéng nén
va thanh phan birc xa vii tru s& 1dn vao nhau, do chiu anh huong khdng nhiing cia o phan
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giai ning lwong ma con caa Vi tri biac xa tuong tac véi viing hoat (viing nhap nhay) cua
detector (nhu mo ta & Hinh 2b). Hon nira, thanh phan phéng nén con dugc dong gop boi
nhitng burc Xa tuong tac voi chat dan sang (do hiéu ting phét xa Cherenkov). O nghién ciu
trude [6], ching t6i ¢4 nghién ciru cho detector nhip nhay kich thuéc I6n dé phan tach thanh
phan biic xa Vil try giita bang dan sang va bang nhap nhay plastic, dua vao d6 rong xung. Gia
tri do rong xung thé hién su khac biét giira tin hiéu nhip nhay do bang nhap nhay gay ra, va
tin hiéu nhip nhay (hiéu tng phét xa Cherenkov) do bang din sang gay ra. Trong bai bao nay,
chiing t6i thuc hién nghién ctru phan tach thanh phan bic xa vii try tir phdng nén. Viéc phan
tach nay dya vao két hop hai ki thuat: (1) mdi twong quan giira ning lugng va do rong xung
cho tirng detector va (2) mbi tuong quan ning luong giira hai detector. Trong thi nghiém nay,
hai detector nhap nhay plastic kich thuéc Ion 1a 40cm x 80cm x 3cm day duge dat song song.
Xung tin hiéu dién tu 16i ra tir hai detector duoc khuéch dai nhanh va duoc ghi nhan boi thiét
bi dién tur s6 hda DRS-4 [11] voi the d6 s6 hoa dugc thiét lap 2GSPS (twong duong véi do
phan giai thoi gian 12 0,5ns). Voi toe d6 s6 hda 2GSPS, dang xung tin hiéu tir hai detector c6
thé ghi nhan. Thi nghiém duoc tién hanh tai B6 mdn Vat Ii Hat nhan, Khoa Vat Ii — Vat i ki
thuat, Truong Pai hoc Khoa hoc Ty nhién - DPHQG TPHCM.

(a) (b)

Ngudng cat

Thanh phan bire xa vii tru

Thanh phfm bire xa vii tru

Phéng nén

dw/dE (S6 dém)
dn/dE (S6 dém)

’hong nén

I

AN

Nang lugng, E (MeV) Ning luong, E (MeV)

Hinh 2. Phé nang lwong dé \ai khi do tring phing hai detector nhap nhay plastic ghi

nhdn birc Xa Vii tru doi Véi (@) detector ¢é kich thuéc nhé va (b) detector ¢6 kich thuréc lon
Thiét Iap thi nghiém

Ong dan sang _HV
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Hinh 3. So do khéi thiét ldp hé do tring phing hai detector nhdp nhay plastic
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Ong dén sang

/

(|

Cao thé

Tin hiéu

Hinh 4. So do khoi cua detector nhdp nhdy plastic kich thiréc lon

Dé xay dung hé do ghi nhan buc xa vil tru, ching toi sir dung hai detector nhap nhép
kich thudc 1on va dat song song véi nhau véi khoang cach 1a 15cm. Hinh 3 trinh bay so db
khéi bé tri thi nghiém do tring phung hai detector ghi nhan buc xa vii try. Khi buc xa
twong tac voi bang nhip nhay, cac photon anh sang duoc sinh ra tir bang nhap nhay qua
bang dan sang va dén 6ng nhan quang dién (Photo Multiplier Tube — PMT). PMT duoc sir
dung trong hé do nay 1a R329 — 02 san xuit boi hdng Hamamatsu [9], va dugc nudi bai bo
ngudn cao thé am Opton NC do hdng Matsusada Precision Inc. [8]. Tin hiéu ra tir hai
detector duoc khuéch dai nhanh boi thiét bi TFA 2111 cua hdng Canberra [12], va triing
phiing va sb hoa boi thiét bi DRS-4 [11]. Toc d6 s6 hoa duoc thiét lap 1a 2GSPS (tuong
g véi do phan giai thoi gian 1a 0,5ns). Mai detector nhap nhay (nhu trinh bay ¢ Hinh 4)
¢6 kich thudc 40cm x 120cm x 3cm day, trong d6 dién tich bang nhap nhay la 40cm x
80cm va dién tich cua bang dan sang 1a 40cm x 40cm [10]. Vat lidu nén cua bang nhap
nhéy 1 polyvinyltoluene c6 khdi luong riéng la p = 1,032g/cmq. Véi bé day 1a 3cm, birc xa
Vil try s& d¢é lai nang lugng vao khoang 7MeV. O d6, d6 mit ning lugng cua hat mang dién
nang lugng cao la dE/dx ~ 2,3MeVem?/g [3] (twong dwong 2,3MeV/em véi khdi luong
riéng 1g/cm®). Gia tri ning lwrong 7MeV nay kha I6n so véi viing ning lugng cua gamma
moi truong.

Phén tich va thao luan

A
Dién tich xung (kénh DCI)
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Hinh 5. Dang xung tin hiéu dwoc sé6 hda
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Dir liéu do tir thiét bi s6 hda DRS-4 s& cho thdng tin vé dang xung tin hiéu. Hinh 5
minh hoa dang xung dugc s6 hda ca vé thoi gian va dién thé. Trong bai bao nay, véi dang
dap tmg xung c6 dugc, chdng téi phan tich méi twong quan giita cac d6 rong xung (&ng vai
gié tri thoi gian) theo dién tich xung (twong ing Véi gié tri nang lugng dé lai) dé tir d6 co
thé phan tich biic xa twong tic & bang din sang ciing nhu twong tac & bang nhap nhay.
Chiing t6i phan tich cho cac do rong xung 10%, 20% va 50%. O d6, do rong xung 10%,
20%, 50% la khoang thoi gian twong tng Vi vi tri d6 cao xung la 10%, 20% va 50% so
Vi d6 cao dinh. Dién tich xung duoc Iy téng theo thoi gian trong khoang 200ns. Dién tich
xung c6 don vi 1a kénh DCI (Digital Charge Integration). Bé xac dinh thanh phan bic xa
vil try tir phdng nén, ching ti phan tich: (1) méi twong quan giita ning lrong va do rong
xung cho ting detector va (2) mdi tuong quan giita ning luong-ning lugng cua hai
detector.

< Mbi twong quan giira d9 rong xung theo dién tich xung ciia hai detector

Chang t6i phan tich méi twong quan giira d6 rong xung theo dién tich xung cho hai
detector (detector 1 va detector 2). Cac do rong xung dugc phan tich bao gom 10%, 20%
va 50%. Hinh 6 trinh bay cac két qua phan tich twong ng vai cac do rong 10% (Hinh 6a),
20% (hinh 6b) va 50% (hinh 6¢). Két qua phan tich ¢ d6 rong xung 10% (Hinh 6a) cho
thay, viing birc Xa tuong tac voi bang dan sang co thé duge xac dinh véi do rong xung nho
hon 17ns. Nguyén nhén la do anh sang Cherenkov c6 dugc khi buirc xa nang lwgng cao (buc
Xa Vil tru) twong tac tai bang dan sang va duoc ghi nhan tryc tiép boi PMT, do d6 thoi gian
dudi xung thuong rat ngan dan dén do rong xung nhé. Hinh 7a trinh bay mot su kién voi
do rong xung nho hon 17ns cho detector 1 va detector 2, twong tng voi bic xa tuong tac o
bang dan sang. Nhitng su kién nay dugc xem [a phdng nén. Nguoc lai, ddi véi cac sy kién
c¢6 d6 rong xung lén hon 17ns, chinh Ia tin hidu tir sy tuong tac ciia buc xa voi bang nhip
nhéay. Véi detector c¢o kich thuéc Ion, két qua cho thiy do rong xung & viing bang nhap
nhay c6 phan b rat rong tir 20ns dén 60ns. Diéu nay co thé duoc giai thich 1a do cac
photon &nh sang nhip nhay c6 thoi gian nhap nhay kéo dai ciing nhu do co ché phan xa tir
cac mit canh ciia bang nhap nhay kich thudc lon. Hon nira, d6 rong xung trong Hinh 6a thé
hién sy phan tach rd rang giira c4c vang phan bé: viing 25ns, 40ns va 50ns. Dang xung ¢
cac ving tuong (ng nay duoc thé hién cu thé trong cac Hinh 7b, 7c, 7d cho cac detector 1
va detector 2. B4i voi phan tich cho do rong xung 20%, nhu trinh bay & hinh 6b, két qua
thé hién tuong tu nhu truong hop do rong xung 10%, nghia 1a déu cé thé xac dinh duoc
viing biic xa twong tac ¢ bang dan sang va bang nhap nhay. D4i véi két qua phan tich do
rong xung 50% (hinh 6¢), 6 phan giai caa sy phan tach giita bang dan sang va bang nhap
nhdy 1a kém hon rat nhiéu so véi hai truong hop d& xem xét (d6 rong xung 10% trong hinh
6a va 20% trong Hinh 6b). Tir day chung toi rut ra két luan c6 thé sir dung do rong xung
10% va 20% chon loc céc sy kién birc xa vii try ghi nhan trén bang nhap nhay.
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Hinh 6. Méi firong quan giiva dién tich xung va dé réng xung
(@) Truong hop do rong xung 10%. (b) Truong hop do rong xung 20%.
(c) Truong hop dé rong xung 50%
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Hinh 7. Dang xung ghi nhén trén hai detector triing phung bgi thiét bi s hda DRS-4 véi tac
dg lay mau 2GSPS. Sé liéu duwoc vé nrong iing cac ving thoi gian & dé réng xung 10% trong Hinh
6a. () Dang xung c6 do rgng xung nho hon 17ns. (b) Dang xung cé dé réng xung trong vung 25ns.
(c) Dang xung cd dg rgng xung trong vung 40ns. (d) Dang xung cé dé réng xung trong vung 50ns.

% Xac dinh viing birc xa vii tru trén bang nhip nhay plastic

Dé xac dinh viing phd ning lugng dé lai cua buc xa vii tru tuong tac tai bang nhap
nhay (phan dién tich 40cm x 80cm), chiing t6i phan tich mdi twong quan ning lugng ghi
nhan giira detector 1 va detector 2, va két hop loai bo cac sy kién twong tac & bang dan
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sang (dad dugc thao luan ¢ 3.1). Ching t6i phén tich cho hai truong hgp c6 d6 rong xung
10% va 20%. Hinh 8 (truong hop do rong xung 10%) va Hinh 9 (truong hop d6 rong xung
20%) trinh bay két qua phan tich khi loai bo viing cac sy kién c6 do rong xung nho hon
17ns (céc su kién & viing bang dan sang). Phd tong (mau xanh duong) & cac Hinh 8a, 8b va
9a, 9b tuong ng Véi detector 1 va detector 2, cho thiy phéng nén va viing birc xa vii try c6
chong chap 1én nhau (nhu du doan cta chiing t6i dugc thé hién trong hinh 2b). Do d6, dé
c6 thé phan tach viing buc xa vii tru tir phdng nén, chiing tdi dya vao mdi twong quan ning
lugng giira hai detector nhu trinh bay & cac Hinh 8¢ va 9c. Bé phan tach ving birc xa vii
try, cac viing cit (duong dut nét) dugc chon loc. Két qua cho thay, thanh phan buc xa vii
try sau khi cit (mau do) c6 thé dugc tach ra tir phong nén (xanh 14). Pap tng phd caa buc
Xa Vi try (dudng mau do) trén hai detector nhip nhay duoc ghi nhan (Hinh 8a, 8b, 9a, 9b),
thé hién dang pho dic trung cia birc xa Vil try twong tac trén detector nhap nhay plastic.
Déi vai két qua phan tich cho d6 rong xung 20%, ¢ nhiéu sy kién nam trong ving ghi
nhan trong viing nhap nhay (Hinh 9c) bi loai bo, diéu nay s& lam “that thoat” sy ghi nhan
birc Xa vii try trong viing bang nhap nhay. Viéc phan tich d6 rong 10% cho két qua tét hon.
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Hinh 8. Xét cho dé réng xung 10%, phan biét ving b Xa vii tru (mau do) tir phé tong (mau
xanh dwong). (O d6, dwong nét dit 1a ving cdt phan biét giga ving birc X vii tru va phdng nén
(mau xanh 14)). (a) Phan tich phé cho detector 1. (b) Phan tich phé cho detector 2. (¢) Mai tuong
quan nang lwong (di¢n tich xung) giira detector 1 va detector 2.
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Hinh 9. Xét cho dé réng xung 20%, phan biét ving birc Xg Vil tru (mau do) tir pho
tong (mau xanh dwong). (O d6, dwong nét dit 1a ving cat phan biét giiza ving bic xa vii
tru va phong nén (mau xanh 14)). (a) Phan tich phé cho detector 1. (b) Phan tich phé cho
detector 2. (¢) Méi twong quan ndng lwong (dién tich xung) giiza detector 1 va detector 2.
2. Kétluan

Chiing t6i d& phan tich do rong xung va phan tich méi tuong quan ning lugng giita
hai detector dé tach thanh phan buc xa vil tru twong tac voi bang nhip nhay (40cm x
80cm). Két qua phan tich cho thay déi véi trudng hop d6 rong xung 10% va 20%, ving
birc xa tuong tac vdi bang dan sang c6 d6 rong xung nhé hon 17ns, va véi bang nhap nhay
c6 do rong xung trai rong tir vang I6n hon 17ns dén 60ns. Cung véi két hop phan tich méi
trong quan nang luong giita hai detector 1 va detector 2, viing buc Xa Vi tru & bang nhap
nhay da duoc tach tir phdng nén. Két qua phan tich ciing cho thiy, sé liéu phan tich cho do
rong xung 10% cho két qua tdt hon so vai s6 lidu phan tich véi d6 rong xung 20% va 50%.
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% Tuyén bé vé quyén loi: CAc tac gid xac nhén hoan toan khéng c6 xung dét vé quyén loi.

< Loi cam on:
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hai detector nhép nhay plastic va B6 mén Vat li Hat nhan, Khoa Vat li — Vat |i ki thuat, Trirong
Pai hoc Khoa hoc Ty nhién — BHQG TPHCM da tao diéu kién trong viéc trién khai cac thi
nghiém.

Phén kinh phi dé tai ndm trong tai tro cda Quy Phat trién Khoa hoc va Céng nghé Quéc
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