Nghién ciru dic trung cia detector Ge qua md phong voi Geantd.

NGHIEN CUU PAC TRUNG CUA DETECTOR GE QUA MO PHONG
VOI GEANTA4

NGUYEN THE MAN
Nhém Neutrino, Trung tim Nghién curu hat nhin Bordeaux-Gradignan, Phap

GIOI THIEU

NEMO (The Neutrino Ettore Majorana Observatory ) 1a mot du an qudc té 16n nghién cuu vé
neutrino. Du an co su tham gia cua rat nhiéu truong dai hoc, phong thi nghiém lon o nhiéu nuoc
trén thé gibi nhu: My, Anh, Phap, Nga, Séc, Slovakia, Maroc... Nhom Neutrino cua Trung tam
Nghién cuu hat nhan Bordeaux -Gradignan la mét thanh vién cia NEMO nghién ctru v& phén ra
2BOV hién nay nhom dang tham gia vao viéc nghién cuu va xay dung detector SuperNEMO -
detector co phong phong xa siéu thap dung ghi nhan phan rd 2p0V. Trong do, mot cong viéc rat
quan trong la lva chon vat ljéu thuan khiét vé mat phbng xa b}ing cac detector phong th?lp nhu
detector Ge.

Cong viéc duoc miéu ta trong bao cao laquatr inh nghién ctru vé detector  Lupin (dat tai
phong thi nghiém trong long da t Modane) thong qua mo phong bang cong cu hién dai Geant 4.
Pay la 1an dau tién cong viéc nay duoc thuc hién tai Bordeaux .

Béo c4o bao gom hai phan chinh :

1. Mb phong detector Ge loai giéng bang Geant4, tir d6 tinh toan higu xuat ghi ddi véi

birc xa gamma ¢ nhirng nang lugng khac nhau.

2. Thuc hién do dac hoat d§ cua mot vai d@)ng vi phong xa trén mot s6 mau man kho ¢

ngudn goc khac nhau.
TONG QUAN

Phéng xa 13 hién tugng mot sé hat nhan nguyén tu khong bén tu bién d6i va phét ra cac birc
xa hat nhan. Hién tugng phong xa c6 ngudn goc cha yéu tir cac dong vi phong xa co trong tu
nhién, bao gdm cac ddng vi ctia cac kénh phan ra c6 chu ky ban ra rat lon (co tudi cla trai dat)
nhu: 28U, 235U 282Th va “K. Phong xa ty nhién la mot trong nhiing ngudén  giy phong nhicu
dang ke cho tin hjéu cua phéan ra 2p0v. Vi vay, nguoi ta bude phai su dung nhung vat lidu thuin
khiét vé mat phong xa dé ché tao detector ghi nhan nhiing tin hi¢u nay . Céc vt li¢u dugc danh
gia bang cac detector phong thip (nhu detector ban din Ge). Trong bao cao nay, ching toi di
thyc hién nghién ctru cic dic trung ctia mot detector Ge loai giéng phong thap qua md phong
béng Geant4 va thuc hién do dac trén mot sé6 mau moi truong.

. MO PHONG DETECTOR GE LOAI GIENG BANG GEANTA4.

1. Giéi thiéu vé Geant4.

Geant4 1a mot goi cong cu hién dai dugc nghién ctru va phat trién boi Trung tdm Nghién
ctru Hat nhan Chau au (CERN), dung dé mé phong qua trinh di qua vét chat ciia mot hat. Nhiing
¥ tuong dau tién vé Geant4 dugc hinh thanh tir nhitng nim 1993, cho dén nay linh vuc 4p dung
ctia Geant4 rat rong rdi nhu: nang lugng, vat 1y hat nhan, vat Iy may gia toc, y hoc,.

Trong dé tai nay, chiing t6i di tap trung phat trién mot chuong trinh mo phong sy tuong
tac ciia birc xa gamma va vt chit cia mot detector Ge loai giéng. Chuong trinh nay bao gdm sau
16p :

- DetectorConstruction (khai bao b tri hinh hoc cta detector).
- PhysicList (khai bdo cac qua trinh vét 1y d6i voi timg loai hat).

Nguyén Thé Man 1



Nghién ciru dic trung cia detector Ge qua md phong voi Geantd.

- PrimaryGeneratorAction (khai bao cac thong s ciia ngudn).
- RunAction.
- SteppingAction.
- EventAction.
Trong do ba lop d4u la nhung lop chinh cua chuong trinh . Ba 16p con lai dung dé ghi
nang luong d¢é lai trong tinh thé Ge cta hat

2. Miéu ta b tri hinh hoc va vat liéu cia detector (lop DetectorConstruction).

Chi

Germanium

Nhoém

Ngoai phan duo’crldllal Oag Itr]gfl]g c Ogo%)g‘gr?lﬁlgn%uglla’()ﬁﬁECtor g ffec 0 rﬁn con duoc bao
boc boi mot khung  chi va mot 16p hop chat cua nguyén t6 Bo rat day . Trong phan mb phong :
chung t6i chi khai bao bat ddu  tu lop chicod (lop co dong gop dang ke do tan xa nguoc cua
gamma tu lop nay vao tinh thé Ge . Cac phan con lai khong anh huéng nhiéu vao két qua mo
phong). Miéu ta cu thé duoc thé hién bang hinh ve 1 va 2.
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Nghién ciru dic trung ciia detector Ge qua mé phong voi Geant4.
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Hinh 2. B6 tri hinh hoc cu thé cia detector Ge loai giéng.
B6 tri hinh hoc cia mau: mau dugc dit trong mot L0139
ong hinh try nhu trong hinh 3. Trong chuong trinh, thanh A y
phan héa hoc cua mau dugc mo ta nhu SiO; (giong cac
mau chuan ma ching toi xir dung dé phan tich & phan sau). Sk TEHANTILON
Diéu nay cho phép so sanh két qua mo phong va két qua do
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Hinh 3. B4 tri hinh hoc ciia mau
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Nghién ciru dic trung cia detector Ge qua md phong voi Geantd.

gamma

Chi

Hinh 4. Hinh 4anh m6 phong

3. Khai b4o c4c qua trinh v4t 1y (lop PhysicList).

- D67 vdi radionuclide: RadioactiveDecay.

- Doi vdi electron:
a. MultipleScattering (diffusition multiple).
b. lonisation.
c. Bremsstrahlung.

- D061 vdi positron:
d. MultipleScattering (diffusition multiple).

e. lonisation.
f. Bremsstrahlung
g. Annihilation.

- Poi voi gamma (Xray):
h. PhotoElectricEffect (effet photoélectrique).
i. ComptonScattering (diffusion Compton).
j.  GammaConversion (création de paires).

4. Khai bao cac thong s6 clia ngudn phong xa
Céc thong s6 duogc khai bao bao gdm:
e Loai phong xa (gamma, radionucléide, béta, etc).
Nang luong
Mat d6
Huong phan ra
Hinh dang ctia nguon
Nguyén Thé Man



Nghién ciru dic trung cia detector Ge qua md phong voi Geantd.

® Vi tri phanra
® So6 luong phan ra
Céc thong so nay se duoc thay doi tuy tung mau duoc do.

5. Chay thir chuong trinh véi d6i tugng K.

K 1a mot dong vi phong xa (so d6 phéan rd dwoc gidi thidu trén hinh 5) chiém khoang
10% kali tu nhién. 40K chiém hon mét nira hoat d6 phong xa cia co thé sdng (hang tram Bg/kg).
Cun voi Th va U, K ciing tn tai rat nhidu trong dat da ty nhién. Mot ddc diém quan trong la

i K chung ta c6 thé quan sat t4 ca nhimg hién twong vat 1y dd duoc khai bao trong chuong
trinh mo phong.
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Hinh 5. So dé phan ra ciia “°K

Hinh 6 gi6i thiéu phd gamma dbi véi K duoc dua ra boi chuong trinh mo phong. Phd
bao gébm bén dinh & cac ning luong (1460.8 keV, 949.8 keV, 438.8 keV, 511 keV) va nén
compton. Binh 1460.8 keV dai dién cho qua trinh hap thy quang dién, ba dinh con lai ching
minh sy ton tai ciia hién twong tao cap. Hiéu ung tao c@p xay ra khi mot gamma néng luong cao
(1460.8 keV) tuong tac voi mot nguyén tir cua mau. Néu mot gamma 511 keV bi hép thy trong
mAu va phan con lai dugc ghi trong tinh thé Ge chung ta thu dugc dinh 949,8 keV (1460,8keV —
511keV ). Néu ca 2 gamma 511 keV bi hap thy trong mau va phan con lai duoc ghi trong tinh thé
Ge chiing ta thu dugc dinh 438,8 keV (1460,8keV — 1022keV). Néu chi duy nhat 1 gamma 511
keV dén duoc tinh thé Ge ma phan con lai bi hap thu trong miu ching ta thu dwoc dinh 511 keV.
Phéan cudi caa nén Compton (& niang lugng thap) 1a do dong gop cua cac tia X dén tir hiéu tng
Bremsstrahlung cua B ¢ nang lugng cao (1311 keV).
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Nghién ciru dic trung cia detector Ge qua md phong voi Geantd.
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Hinh 6. Phé gamma doi voi “K

6. Két qua mé phéng.
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Hinh 7. Puong cong hiéu xuat ciia detector theo ndng lirong.

7. So sanh két qua mé phong va két qua do dac thyc nghiém.
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Nghién ciru dic trung cia detector Ge qua md phong voi Geantd.

Maéu chuan : Trong phan nay ching 161 da thue hién do thuc nghiém voi cac mau trém
tich, dé 1a : IAEA-135 va IAEA-314. ,Céc mau nay chtra cac dong vi phong xa co6 hoat do da biét
(461 voi IAEA-135 1a °K va'®Cs, dbi voi IAEA-314 1a 2*Th, 2%pb, 24Bi, #°Pb, ®Ac, 2°TI va
212

Pb.
Bangl.Mau chuin IAEA-314:

, Hoat 9 riéng
Neguyén to :
guy Bg/kg
26Ra 732 + 28
Th 701 £ 24
U 722 +2.1
Bang 2. Mau chuin JAEA-135:
, Hoat d¢ ri€éng
Neguyén to o
guy Bg/kg
K 560 + 15
Bcs 740 + 28
O Efficacité mesuré
o Efficacité simulé
85 + \ \ \
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Hinh 8. So sdnh céc gid tri mé phong va céc két qua thire nghiém.
Su so sénh trén hinh 8 cho thay két qué do va két qué mo phong khéng co su khé.C biét

lon. Piéu nay giip ching toi ¢ co s6 dé hoan chinh do thi phu thu¢c cua hi¢u sut ghi theo
nang luong cua detetor Lupin va ap dung no vao do dac cac mau thuc té.

1. AP DUNG TRONG PHAN TiCH CAC MAU MAN KHO.
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Nghién ciru dic trung cia detector Ge qua md phong voi Geantd.

1. Cac mau méan kho.

Man kho 1a mot san phém duoc ti€u thu rong rai. Hi¢n nay trén thé gid1, nhitng noi san
xuét man kho cha yéu co thé dén M3 (150 000 tin mdi nim), Phap (mén Agen, 50 000 tan
mdi ndm), Chilé (45 000 tin mdi nam) va Argentina (30 000 tan moi ndm). Muyc dich cau
viéc do dac nham tim ra mot vai dong vi co the lam chat chi thi phén biét ngudn goc gilta cac
loai man. Chung t6i da thuc hién do trén 9 mau bao gom 5 mau man Agen, 2 mau man Chilé
va 2 mau man USA.

Sau khi lam kho, mau dugc dét thanh tro. Tro dugc bd vao mot 6ng hinh tru (nhu miéu ta
& trén) va do trong khoang gan mot tuln.

Bing 4. Cdc mau man kho:

Mau Khéi lugng khé (g) | Khbi lugng tro (g) Thoi gian do (h)
Agen la 86 2,76 144
Agen 1b 101,8 2,67 166
Agen 2 105,1 2,88 114
Agen 3 102,3 2,90 194
Agen 10 120,4 3,70 120

Chili 4 82,4 2,57 170
Chili 5 101,7 3,09 156
USA 6 116 3,35 182
USA 7 124.7 3,49 192

2. Két qua phén tich.

Bang 5 va hinh 9 %wi thiéu két qua phén tich cac mau man kho. Doi tugng phén tich 1a
cac ddng vi: K, #?°Ra va “®Th :

- Vi K, sy phan bd duong nhu 1a ddng déu gitta cic miu man khé (vao khoang
300mBag/kg).

- V6i °Th, su phan bd 1a khong ddng déu. Piéu nay c6 thé duoc giai thich 1a do
thoi gia ban ra ciia “°Th ngén (khoang 2 niam), do do gia tri do phu thudc nhiéu
vao tudi cia san pham.

- Vé6i ?°Ra, chiing t6i d3 budc diu nhan dinh duoc ring : day 1a mot ddng vi chi thi
hiéu qua dé phan biét ngudn gbc ctia man Agen va man Chilé

Bing 5. Hoat do cdc dong vi ¢d trong mau méan kho.

40
Miu K 248j (mBg/kg) 214D (MBa/kg)

226Ra 228Th
(212Pb
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Nghién ciru dic trung cia detector Ge qua md phong voi Geantd.

(Bakg) | 17645 | 6093 | 3519 | 2952 | (mBalkg) | 238keV)

keV keV keV keV (mBa/kg)
Agen1A | 28021 | 73+18 | 64+6 | 70+12 | 80+16 | 728 | 42%7
Agen1B | 319+23 | 55+15 | 92+21 | 50+8 | 55+17 | 556 | 20%5
Agen2 | 316423 | 57+16 | 81424 | 56+9 | 67+20 | 60+16 | 313
Agen3 | 314+23 | 63+14 | 68+16 | 53+7 | 63+12 | 58+5 | 47+7
Agen 10 221%31 33+9 | 38+15 i i 34+7 | 9#3
Chilia | 335424 | 46+ 14 i 23+7 ; 28+6 | 1315
Chili5 | 308423 | 53+15 | 49+16 | 27+7 ; 3416 | 244
USA6 332%21 93+15 | 80+19 | 69+9 | 73+13 | 75+6 | 384
USA7 ML 50212 . 30+7 . 35+6 | 84+8
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Nghién ciru dic trung cia detector Ge qua md phong voi Geantd.
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Hinh 9. Hoat d6 ctia cac dong vi YK, “°Ra et “*Th doi voi cac mau man khé.

KET LUAN

Detector Ge la mot trong nhitng cong cu t6t nhat dung dé phan tich hoat do phong xa ciia
cac mau moi truong. Trong dé tai nay, chung toi da tmg dung mdt phuong phap md phong hién
dai bang Geant4 dé nghlen ctru didc trung vé hiéu sudt ghi cua 1 dectector Ge loai giéng. Viéc nay
c6 thé ap dung rong rdi cho céc detector khac.

Dé tai da budc dau manh nha mdt phuong phap hién dai dung phan biét nguon gdc cla
cac mau moi trudng ciing nhu cac mau thyc pham. Phuong phap nay hoan toan ¢ thé 4p dung
trong bdi canh hé quan ly vé thuc phém, hoa qua ¢ vié¢t nam chua thyc su tbt.
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