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4
MO DAU

Vit 1y hat nhan ngdy cang c6 nhiéu ing dung trong rat nhiéu linh vuc
khoa hoc, cong nghé, k¥ thuat va doi séng. Vi vay cac phuong phap, thiét bi
ghi do birc xa no6i chung cling nhu ghi do neutron néi ri€éng ngay cang duoc
quan tAm, phat trién. Nham dép Gng yéu cau thuc tién ngdy cang cao vé cai tién
d6 nhay, d6 phan giai, hiéu suat ghi va chat luong xir 1y s lidu. Pic biét 1a cac
trmg dung va bao dam an toan burc xa neutron trong cac linh vuc bao vé, kiém
tra, giam sat an ninh, an toan buc xa; linh vic nghién ciru phat trién va tng
dung cong nghé birc xa, ning lwong hat nhan, nghién ctru co ban va dao tao vé
vat ly hat nhan va nhiéu linh vuc ung dung lién quan khac nhu burc xa vii try,
phong xa moi trudng, khai thac quing Urani, xa trj trong y té, kiém tra chét
lugng cong trinh,.... Pédc biét tai cac co s¢ hat nhan hodc co s& blrc xa co st
dung ngudn birc xa hat neutron nhu 10 phan Gng hat nhan, may gia toc, ngudn
d@)ng vi phat neutron, cac thiét bi ghi do neutron 1a rit can thiét va can duge
chuan héa theo cac quy dinh va tiéu chuan hién hanh. Trén thé gi6i va & Viét
Nam, hoat dong nghién ctru khoa hoc nham hiéu rd hon vé tuong tac cua
neutron v&i vét chat, vé cac phuong phap thuc nghiém ghi do birc xa neutron
la Iudn c6 tinh cép thiét cao véi muc tiéu ché tao ra duge cac thiét bi ghi do phé
nang lugng va dinh lidu buc xa neutron véi dd chinh xac cao va tién dung trong
thuc tién va chi phi van hanh thap.

Trong linh vuc ghi do va dinh liéu birc xa neutron, lidu ké c4 nhan thu
dong thudong dugc sir dung trong tit ca cac co s birc xa khac nhau, nhung han
ché co ban cua loai liéu ké nay 1 phu thuéc manh vao ning luong neutron va
ngudng phat hién cao. Dé dat dugce do chinh xac cao trong cac phép do liéu birc
xa neutron, cac may do lidu neutron can thiét dugc st dung. Trong d0, yéu ciu
thong tin vé phd ning luong neutron cin dugc xac dinh dé dinh lwong lidu
luong neutron chinh xac. Két qua 13, phép do phd ning luong neutron 13 tién
than dé xac dinh cac dai luong do liéu, va do d6 phuong phap do phd ning
luong neutron nham cung cap thong tin vé cudng do birc xa va phd nang luong
1a rat quan trong dé xac dinh va mé ta dic diém ctia cc truong birc xa neutron
hoic bao gdm ca neutron va gamma. Mot trong cac phuong phap hiéu qua va
dap ung cac yéu cau néu trén 13 phwong phap lam cham neutron st dung céac

qua cau Bonner c6 dudng kinh khac nhau 1am bang vat liéu PE (Polyethylene)



va st dung mot hé do neutron nhiét ding éng dém *He hodc 6ng dém nhap nhay
SLi(Eu). Phuong phap nay c6 nhiéu vu diém nhu do duoc phd neutron voi dai
ning luong rong (tir nang lugng nhiét téi vai chuc MeV, tham chi ¢ thé 1én
dén hon 2 GeV) va nguyén tic van hanh don gian. Tuy nhién, nhuoc diém cta
cac qua cau Bonner ¢ khdi lwgng twong d6i ning, trong qua trinh do phai thao
15'1p 6ng dém nhiéu 14n, va dic biét 1a kho ché tao hodc phai mua véi chi phi
cao.

Pé ning cao chét lugng va chu dong trong viéc do liéu birc xa, hién tai
Vién Nghién ctru hat nhan (NCHN) dang thuc hién nhiém vu nghién ctru ché
tao mot loai liéu ké mai (dung vat liéu nhiét phat quang K,GdFs:Tb) c6 kha
ning dong thdi dinh lidu birc xa neutron va gamma. Trong d6 viée thiét ké ché
tao thiét bi pho ké ghi do pho ning lugng neutron cé kha ning dap tng trong
mot dai rong ning luong neutron tir 10° MeV dén 13 MeV 14 ndi dung nghién
ctru rat can thiét phai duoc thyc hién trong luan van ndy. Trén co sé nghién ciru
tai liéu, cac wu diém va gidi han ctia cac phuong phap ghi do pho neutron khéc
nhau va diéu kién thyc té, phuong phap 1am cham neutron bang cac 16p vat lidu
PE hinh tru két hop do neutron bang dau do chira khi *He, hay con goi 1a phuong
phap Bonner-Cylinder, duoc lya chon dé tién hanh nghién clru xac dinh phé
ning luong neutron cia ngudn chuan 2*'Am-Be va 22Cf. Phd ké Bonner-
Cylinder (BCS) hoat dong theo nguyén tic tuong ty nhu phd ké Bonner-Sphere
(BSS), ngoai trir cac 16p PE hinh tru 1 dugc sap xép bén trong nhau trong khi
cac hinh cau PE dugc ché tao doc 1ap.

O Viét Nam, hé pho ké Bonner d3 dugc phat trién va tng dung trong
hoat dong do chuan liéu neutron tai Vién Khoa hoc va k¥ thuat hat nhan, Ha
Noi. Tai Vién NCHN, cho dén hién nay van st dung liéu ké va mot sé may do
liéu neutron chuyén dung; viéc do phd neutron trong 10 phan tmg chi yéu duogc
thuc hién bang phuong phap kich hoat neutron thong qua cac phan tng (n,y),
(n,p), (n,a), (n,n”) va (n,f); hodc phuong phap xac dinh nang luwgng proton giat
10i. Cac phép do ddi véi ngudn neutron dong vi nhu 2*' Am-Be, 22Cf chu yéu
méi duge nghién ciru bang dau do nhap nhay 10ng nhung ciing méi & giai doan
phat trién cac k¥ thuat phan biét tin hiéu giira neutron va gamma.

Muc dich ctia luan vin 1a: (i) thiét ké ché tao cac 16p lam cham neutron

bang vt liéu PE c6 cau tric hinh tru c6 thé 16ng ghép vao nhau nhim ting do
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day 1am cham neutron qua mdi phép do, (ii) thiét lap phé ké da kénh dung 6ng
dém *He va (iii) m6 phong Monte Carlo xac dinh ma tran cac ham dép Gng theo
nang lugng, twong tng véi mdi do day ting dan cua cac 16p PE.

Noi dung cta luan vin bao gdm phan mé dau va ba chuong véi ndi dung
chinh sau day:

Chuong 1. Tong quan tai liéu va phuong phap nghién ctru trinh bay veé:
cac dac trung co ban ctia neutron; cac loai ngué)n neutron; tuong tac ciia neutron
v6i vat chit; cac phuong phap ghi do phd ning luong neutron; phuong phap
x4c dinh phd ning luong neutron bang ky thuat 1am chdm neutron (Bonner-
Cylinder); phuong phap mo6 phong xac dinh ham dap tng (respone function);
pho ké da kénh sir dung 6ng dém *He.

Chuong 2. Thuc nghiém va xir 1y s6 liéu: Trinh bay vé thiét ké ciu trac
hinh hoc cta cac 16p chat lam chdm neutron bang PE; ché tao cac 16p chat 1am
cham neutron bang PE theo céu tric thiét ké; mo phong Monte Carlo dé xéc
dinh ma tran s6 liéu cac ham dép Gng twong tng theo ning luong neutron va
theo do day céac 16p 1am cham neutron d3 ché tao; mé phong Monte Carlo toan
hé phd ké Bonner-Cylinder theo cdu hinh thyc nghiém véi mot ngudn birc xa
neutron loai 252Cf; thiét 1ap mot cau hinh pho ké do thuc nghiém str dung dng
dém *He va cac 16p lam cham bang PE di ché tao va so sanh véi két qua mo
phong nham kiém chimg cac két qua ham dép tng.

Chuwong 3. Két qua va thao lun: trinh bay két qua dat duoc va thao luan,
so sanh két qua thyc nghiém véi két qua mé phong, dé xuat hudng khic phuc
nhitng van dé con ton tai.

Nhitng dong gép cia luan van: thong qua viéc nghién ctru giai quyét bai
toan ndy sé cung cip mot hé phd ké méi phuc vu ghi do va danh gia pho ning

lugng neutron doi voi cac ngudn neutron dong vi.



Chuong 1. TONG QUAN TAI LIEU VA PHUONG PHAP
NGHIEN CcUU

1.1. CAC PAC TRUNG CO BAN CUA NEUTRON

1.1.1. Neutron

Neutron va proton 1a cac hat co ban c4u tao nén hat nhan nguyén tir duoc
goi chung 1a c4c nucleon, ching tuong tac véi nhau thong qua luc tuong tac
manh trong pham vi kich thude hat nhan.

Céc tinh chat co ban ctia neutron la:

- Khéi lwong nghi: m,~ 1,008662 u ~ 939,573 MeV.c2=~ 1,675.10% kg;

- bién tich: .= 0 C;

- Thoi gian séng trung binh: T = 886 s;

- Spin: s = 1/2.

Vi neutron khong mang dién nén khong cd tuong tac dién vdi céc
electron & vo nguyén tir va cac proton trong hat nhan; dong thdi c6 do xuyén
sdu dang ké trong vat chat cho dén khi xdy ra va cham hodc twong tac voi hat
nhan nguyén tir trong moi truong twong tic thong qua qua trinh tan xa hodc bat
gitr. Cac neutron thudng 13 hat rat bén khi chung duoc lién két chat ché trong
hat nhan nguyén tir; trong khi cac neutron tu do bén ngoai hat nhan nguyén tu
phan ra thanh mot proton, mdt di€n t¢ va mot phan neutrino dién tu
(n— p+e +v,) voi chu ky ban ra 10,6 phut [1]. Neutron tu do dugc gidi phdng
nho sy phan hach hat nhan hoac phan tng téng hop hat nhan, sau d6 cac neutron
ndy xay ra phan tmg véi cac hat nhin cta cac nguyén tir khac dé tao thanh cac
ddng vi méi.

Bure xa neutron 1a mot dang birc xa ion hoa gian tiép. Hiéu tng ion hoa
phat sinh chu yéu thong qua va cham véi cac hat nhan nguyén tir nhe hodc cac
thanh phan cta chung, trong giai doan nay neutron truyén ning luong cua
chung cho cac hat mang dién thir cip va 1am cho cac neutron cham dan. Sau
d6, cac hat hinh thanh thir cAp ndy chuyén ning luong cua ching sang vt chat
bang phuong phap ion héa hoic kich thich.

Xéc sudt xdy ra tuong tic gitta mot neutron téi va hat nhan bia dugc biéu
thi thong qua tiét dién phan tng (o), don vi 13 barn (1 b = 102* cm?). Khi mot

sO lugng 16n cac neutron c6 cung nang lugng hudng vé mot 16p vat liéu nhat



dinh thi c6 thé x4y ra ba truong hop khac nhau: di xuyén qua vt liéu ma khong
tuong tac; trong tic lam thay d6i hudng va niang luong; bi bat gitr.

Cac nghién ctru va tmg dung trong linh vyc vat Iy neutron ngay cang phd
bién va da dang di kém véi cong tac ghi do neutron va van dé bao vé an toan
d6i véi blrc xa neutron cang duoc quan tim va cha trong phat trién. Véi muc
tiéu ctia dé tai 1a thiét ké mot thiét bi pho ké da kénh dé nang cao chat luong
va chu dong trong viéc do liéu birc xa neutron. Céc dic trung co ban ciia truong
neutron s& dugc trinh bay trong phan tong quan cua luan van.

1.1.2. Cac dai lwgng dic trung cho truwdng birc xa neutron

Céc dai luong dugce sir dung trong bao vé bure xa duge xac dinh boi Uy
ban Quéc té vé Pon vi Birc xa va Do luong (ICRU) va dugc khuyén nghi boi
Uy ban Qudc té vé An toan buc xa (ICRP) [2]. Trong bao vé btic xa c6 thé phan
biét ba dai lugng khac nhau: dai luong vat Iy co ban, dai lugng an toan va dai
luong thuc hanh.

1.1.2.1. Cac dai lwong vat ly co ban

- Thong luong neutron va suit lugng neutron:

+ Théng luong neutron (thuong goi 1a thong luong tong/tich luy —
Fluence), ®: tai mot diém nhét dinh trong trudng birc xa dugc dinh nghia bang
thuong sb gitra s6 neutron dén dN va dién tich mit cat ngang twong tmg dA:

dN
O = T (1.1).
bon vi cta thong lugng neutron 1a n.m?; don vi thuong dung 1a n.cm™.

+ Suét luong neutron (thudng goi 1a théng luong — Flux), ¢: md ta su
phu thudc vao thoi gian cua thong luong neutron va duogc tinh bang do bién
thién thong lugng d® trén mot don vi thoi gian (hodc dao ham cua thong lugng
theo thoi gian):

do
T ar
Pon vi cta sut lwong neutron 1a n.m2s"' (hodc n.cm?2.s™).

p=0' (1.2).

- Kerma, K: dong niang duoc giai phong trén mdi don vi khdi lugng, md
ta su truyén ning luong giita cac hat khong tich dién (nhu photon hodc neutron)
va cac hat mang dién thir cAp duogc tao ra boi bl xa ion hda gian tiép nay.

Kerma duoc dinh nghia bang cong thic (1.3).



dEtr
dm

trong d6 dEy 13 tong trung binh ctia d6ng ning ban dau cta tit ca cac hat mang

K =

(1.3),

dién duoc giai phong boi birc xa ion hoa gian tiép (cac hat khong tich dién)
trong vt liéu c6 khéi lwong dm. Piéu ndy bao gdm sy mat mat nang lugng do
su phat xa cia cac hat mang dién th cép. DPon vi ciia Kerma 1a J kg!, con goi
la Gray (Gy).

-Liéu hép thu (Absorbed dose), D: 1a dai luong do liéu co ban va mo ta
su truyén ning luong tir hat mang dién cho vat chat. N6 duoc dinh nghia 1a
thuong sb gitta nang luong trung binh de duoc hip thy boi mot vat lidu véi
khdi lugng dm cuia vat liéu d6 theo cong thire (1.4):
ds
dm
Pon vi cua liéu hap thu 1a J.kg™!, goi 1a Gray (Gy).

D (1.4).

1.1.2.2. Cac dai lwong an toan

- Twong duong liéu (con goi 1a liéu tuong dwong), H: 1a tich sb cua liéu
hép thu D tai mot vi tri trong mo véi hé s6 pham chat Q cta birc xa gay ra liéu
hép thu D tai diém do:

H=0.D (1.5).

Pon vi ctia tuong duong liéu 14 J kg™, don vi thuong dung 1 Sievert (Sv).

Hé s6 pham chit khong thir nguyén Q da dugc dua vao dé tinh dén nhitng
anh hudéng khac nhau cia cung mot liéu luong ha”ip thu vi ddi véi céc loai birc
xa va ning luong khac nhau thi chung khong gy ra hiéu tng sinh hoc gidng
nhau.

Hé s bao vé birc xa (trong sd blrc xa) wr dua trén loai va ning luong
ctia birc xa R. Trong bao vé birc xa trong s6 nay duoc ap dung cho liéu hap thu
duoc tinh trung binh trén mot co quan hodc mo. Vi vy liéu tuong duong trong
mo hodc co quan T dugc xac dinh béi:

H, =%, WDy p (1.6),
& day wr 1a trong sb buc xa d6i véi bic xa R va Drg 12 liéu luong hap thy trung
binh trong mot co quan hoic méd T do birc xa R gy ra. Tong duoc 1ay trén tat
ca cac loai birc xa lién quan. Pon vi cta liéu twong duong 1a Jkg', don vi

thuong dung 1a Sievert (Sv). Ddi voi neutron, trong s6 burc xa wg phu thudc vao
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ning luong va cé thé duoc biéu dién bang mot dudng cong lién tuc dudi dang

mot ham nang luong nhu Hinh 1.1 [3].

25 1 1 T 1 1 1 1 1 1

. 20 | a
o ! l
© A )
&(! - R
o 3 4
£ 15 | .
¥ — - 4
.g, - -+
q, - -
; - B
§wf :
8 [ ]
©
g A )

5k .

0 [ PRI BRI BRI R TT” BT BT BT B rrIT” T W ]

10° 10° 10* 10° 10* 10' 10° 10" 10° 10° 10°
Neutron energy / MeV

Hinh 1.1. Sy phu thudc nang luong ctuia hé sb trong sb buc xa ddi voi
neutron [3]
- Liéu hiéu dung (Effective dose), E: 1a tong co trong s6 cac lidu twong
duong cua cac co quan hodac mo khac nhau, dinh lugng rii ro cua cac hi¢u trng

ngau nhién. Puoc xac dinh bang cong thuc:
E= ZWTHT = ZZWTWRDT,R (1.7),
T T R

trong do, wrla hé $6 trong s6 md ctia md T, hé sb nay coi la do nhay buc xa,
Hr 14 liéu twong duong véi md di duge néu o trén.

Giam sat bao vé buc xa bao gém giam sat khu vuc dé kiém soét buc xa
tai noi lam viéc cling nhu giam sat ca nhan dé kiém soat va han ché phoi nhiém
ca nhan.

1.2. CAC LOAI NGUON NEUTRON

Trong thuc té, c6 nhiéu loai ngudn neutron khac nhau, vi vy tuy theo
nhu cau st dung va phuong phap phén tich dé lya chon loai nguén phu hop.
Dic trung quan trong nhét ciia mot ngudn neutron 1a ning lwong neutron va

thong luong neutron do nd phat ra. Cac nguon neutron phd bién gom cd: nguon
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neutron dong vi, ngudn neutron tir may gia toc, ngudn neutron tir 10 phan tmg
hat nhan. Céc thiét bi birc xa nhu 16 phan ng hat nhan va may gia tdc cac hat
tich dién 14 ngudn sinh neutron truc tiép c6 dai phan bd ning lwong rong, thong
lwong 10n va qua trinh phét neutron s& két thuc khi 10 phan Gmg va may gia toc
ngung hoat dong.

1.2.1. Ngudn neutron tir 10 phan trng hat nhan

Lo phan tmg hat nhén 1a thiét bi khai phat va duy tri cic phan ing phan
hach hat nhan nguyén tir c6 s6 khdi 16n nhu 22U, 235U hoic 2°Pu dudi tac dung
cua neutron, sau moi phan hach trung binh s€ c¢6 2,5 neutron nhanh phét ra, cac
neutron d6 dugc 1am cham va tiép tuc giy ra chudi phan tng phan hach day
chuyén. Pho neutron trong viing hoat 10 phan tng duoc hinh thanh chii yéu duéi
tac dong cua ba qua trinh vat Iy: phan hach, lam cham va nhié¢t héa. Cac 10 phan
g hat nhan 13 nhitng ngudn neutron c6 cudng d6 manh nhét, phan bd ning
luong neutron cua 16 phan tng hat nhan dugc mo ta nhu Hinh 1.2 (neutron nhiét
tuan theo quy luat phan b6 Maxwell-Boltzman, neutron nhanh tuin theo quy
luat phan bd Watt). Nhiéu loai 10 phan tmg hat nhan nghién ctru dién hinh c6
thé cung cap mot thong lwong neutron 6n dinh vao khoang 10'* n.cm?.s™.
Trong 10 phan tng hat nhan nhu 16 phan rng hat nhan Pa Lat xay ra ba qua
trinh tuong tac chinh cta neutron 1a lam chiam va khuéch tan neutron, hap thu

neutron va phan trng phan hach hat nhan [4, 5].

Neutron nhiét

Neutron trén nhiét
1/E

I ZnEY?2
E .v.M(E 2E/m.ng.— TR/KE
&(E) = ng.v.M(E) = {J2E/m.n,, KT

Thoéng lvgng (n.cm2.s™)
S

Neutron nhanh

0 $(E) = ng.v.x(E) = 2E/m.n,.0.453e103¢F sinh (V2.29E)
0.001 eV 0.0l eV 0.1 eV | eV 10 eV 100 eV | keV 10 keV 100 keV | MeV 10 MeV

Nang lvong

Hinh 1.2. Phan b ning lugng neutron cua 10 phan Gmg hat nhéin [6]
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1.2.2. Ngudn neutron tir may gia toc
May gia toc 12 ngudn phét neutron nang luong cao, neutron duoc tao ra
bang cach dung cic hat mang dién nhu proton hay deuteri dugc ting téc ban
pha cac hat nhan bia khac nhau. M6t s6 ngudn dién hinh nhu:

- Nguén Deuterium-tritium: Céc hat deuteri duoc gia téc 1én dén 200 keV
ban vao bia tritium theo phan tng H + [H — ;He+ jn+Q . Phan (mg nay
giai phong nang luong 17,6 MeV trong d6 14,1 MeV duoc chuyén tryc tiép
thanh dong ning cia neutron phat ra. Cic neutron phét ra tir ngudn nay la
neutron don ning, phan bd dang hudng va vi vay thong luong clia nd giam theo
quy luat binh phuong khoang céch. Cuong d neutron sinh ra khoing
10" - 10" n.s! v6i thong luong neutron nhanh vao khoang 10°- 10'° n.cm™.s!

- Ngudn phat neutron tir may gia toc Cyclotron: Cac hat deuteri duogc gia
tdc va ban vao bia Beryllium theo phan tng *Be(d,n)'°Be. Phé neutron do may
gia tbc ndy tao ra 1a khong don ning ma phan b quanh mét gia tri nang luong
nhit dinh, neutron phat ra c¢6 théng luong cao nhat theo huéng cta chum tia
deuteron va tiy thudc vao sd lugng deuteron cua chium tia toi. Ngudn nay co
thé tao ra mot chium neutron c6 do héi tu cao.

1.2.3. Nguon neutron dong vi

Céac dong vi 1a ngudn cung cip trudng neutron thudn loi nhat cho muc
dich chuén liéu neutron véi vu diém la thuong co kich thudc nho, thuan tién
trong qua trinh van chuyén, dé dang trang bi céc thiét bi bao ho birc xa, chi phi
van hanh va bao tri thap.

1.2.3.1. Nguén phén hach tw phdt *>Cf

Phan hach ty phét 13 hat nhan ning tu phan rd thanh mot sé phan phin
hach (thuong 13 hai phan), kém theo phat ra dong thoi cac neutron nhanh. Céc
manh phan hach c¢6 khéi luong ning c6 thé kém theo phat ra cac tia beta,
gamma. Trong Bang 1.1 1a mot vai s6 liéu ctia cac ngudn phan hach ty phit.

Bang 1.1. Nguon neutron phan hach ty phat

S neutron Cuong do phat

Hat A
' Chuky bantd | trén mot phan | neutron trén 1 mg

nhan
hach neutron/(mg.s)

236py 2,85 nim 1,9 26
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238py 89,4 nam 2,0 2,2
240py 6600 nam 2,1 1,1
242py 3,79.10° ndm 2.3 1,7
WCm | 162.5 ngay 23 1.7.10°
24Cm 18,4 nam 2,6 9.10°
B2Cf 2,6 nam 3.5 2,7.10°

Tat ca cac hat nhan trén déu phat . Vi vdy co thé xay ra dong thdi phan
{mg (o, n) trén cac hat nhan tap chat va do vy phd neutron cta nhitng ngudn
nay bao gdm dong gop cua cac phan Gng twong tng. Trén thuc té, cac ngudn
252Cf va 2°Pu dugce st dung rong rdi. Vi du: ngudn 252Cf voi chit 1am cham

D,0 day 15 cm c6 thé tao ra trudong chuin voi cdc muic ning luong trung binh

dung cho viée chuén céc thiét bi do 1iéu neutron [7].

Ddng vi phong xa 2*2Cf1a ngudn neutron phan hach ty phat phd bién nht
v6i hiéu suat phan (mg phan hach 1 khoang 3%, thoi gian ban ra 13 2,638 nim
du dai dé thudn tién trong st dung. O ddng vi nay, co ché phan ra chiém wu thé

1a phan ra alpha (Hinh 1.3), va toc d6 phat alpha gap khoang 32 lan tbc d phan

hach tu phat.

Y

neutron

N

3%

252 Cf

T;,= 2,6 nam

97%

Q Ty,= 85,5 nam

San pham
phan hach

/

Manh v&
phan hach

Hinh 1.3. Co ché phén ri cua dong vi 22Cf
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Hiéu sudt phat neutron cua ngudn 22Cf 13 0,116 n/s/Bq, trong d6 hoat d6
phong xa bao gdm ca tdc do phan ri alpha va phan hach tu phat. Neutron phat
ra c6 phd nang luong phan bé tir ning luong nhiét dén c& vai MeV va c6 ning
lugng trung binh vao khoang 2,3 MeV. Cuong do phat neutron trén 1ug 2>2Cf
14 2,28.10° n/s. Mot phan tng phan hach 2>>Cf tao ra 4 neutron v&i phuwong trinh
phan ng c6 thé xay ra nhu sau:

2:Cf = 'PXe+ "JRu+4n

Vi du vé phd ning luong cia neutron tir ngudn >Cf duoc biéu thi trén
Hinh 1.4 [8], ¢6 dinh trong khoang tir 0,5 MeV dén 1 MeV. Tuy nhién, hiéu
sudt phat neutron dang ké c6 thé mo rong dén 8 MeV hay 10 MeV.

102}
: H.H\H\N
3
= r
o N\
=)
E 3
o]
il
o 10}
5 I
= |
o I
| \l
10°
1 2 3 4 3
Nang luong neutron (MeV)

Hinh 1.4. Ph6 ning lugng neutron tir phan hach tu phat cua 22Cf [8]

Phé ning luong cua neutron tir ngudn 22Cf dugc do bang phd ké n-ToF
biéu thi trén Hinh 1.5 [9].
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Hinh 1.5. Ph6 ning lugng neutron phan hach 2*2Cf duoc do bang pho ké n-
ToF [9], (a) phé do dugc so sanh v6i hinh dang thu duoc khi sir dung ham
phan bd Maxwell-Boltzmann, (b) phd do dugc so sanh véi hinh dang thu

duoc khi sir dung ham phan by Watt
So v6i cac ngudn khac thi 2°2Cf chtra lugng chat phong xa nho (thudng
cd ng), va do vay cé thé san xuit ngudn véi kich thude rat nho, kich thude

nay hau nhu do 16p bao boc bén ngoai quyét dinh.
1.2.3.2. Nguén alpha-neutron (a,n)

Ngudn (a,n) 1a mot ngudn ddng vi ¢ chira mot s6 hat nhan phat phong
xa alpha dién hinh nhu Radium (Ra), Polonium (Po) hoic Americium (Am)
tron déu voi vat lidu bia 1a cac nguyén t6 nhe nhu Beryllium (Be) hoidc Lithium
(Li) va chira trong mot 6ng kin. Pic trung ctia cac ngudn (o,n) thudng gip dugc
md ta trong Bang 1.2. Ngudn tao ra neutron theo phan tng X(a,n)Y dién hinh
nhu °Be (arn) '“C. Neutron dugc sinh ra tir phan tng *Be (o, n) '*C khong phai
chi do hat alpha cta cac ngudn dong vi phong xa anpha ban dau tuong tac véi

Be ma con c6 thé do céac hat alpha ciia san pham phan rd sau phong xa tuong
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tac voi bia Be. Vi du nhu ngudn 22°Ra-Be c¢6 tat ca 5 nhom hat alpha c6 ning
luong khac nhau tir 4,8 MeV dén 7,7 MeV; chiing s& mét nang luong trong
phan ung (o, n) khi di qua vat liéu bia. Cac hat alpha c6 nang luong khic nhau
nén phd nang luong neutron 1a phod lién tuc ¢ gia tri 1 MeV dén 13 MeV. Do
hiéu Gng tu hap thu hat alpha trong ngudn ma ning luong neutron phat ra trung
binh chi khoang vai MeV.

Bang 1.2. Cac ngudn neutron theo phan tng (a,n) [4]

B Nang Nang
P . SO hat
o Suat ra cua luong luong
N Thot gian gamma
Nguodn R neutron neutron neutron
ban ra i trén 1 . ]
(10%n/Ci.s) trung binh | cuc dai
neutron
(MeV) (MeV)
Ra-Be 1620 nam 17 5.10° 4,63 12,2
Po-Be 138 ngay 1,6 =3,0 ~1 5,3 10,9
Pu-Be 24360 nam 1,7 ~1 4,5 10,7
Ra-B 1620 nam 6,8 2.10* - -
Po-B 138 ngay 0,9 - 2,7 5
Rn-Be 3,8 ngay 15 - - 12,2

Trong nghién ciru thiét ké va ché tao cac 10p chat lam cham neutron bang
PE va xac dinh ham dap tng ctia hé pho ké Bonner-Cylinder, ching t6i st dung
hé pho ké da kénh dé tién hanh do thuc nghiém phd neutron ctia ngudn 252Cf va
nguodn ' Am-Be, dic diém ctia cac ngudn nay s& duoc trinh bay chi tiét trong
Chuong 2.

1.2.3.3. Nguén photon-neutron (y,n)

Khi tia gamma c¢6 ning luong 16n hon ning luong lién két cua neutron
trong hat nhan (ning luong nay c6 gia tri xac dinh) thi c6 thé 1am neutron thoat
khéi hat nhan tr¢ thanh photon-neutron. Do vay nguoi ta st dung tia gamma
phat ra tir cac hat nhan phdng xa (tu nhién hodc nhan tao) chiéu vao céc hat
nhan bia nhu Beryllium hay Deuterium dé thu duoc photon-neutron theo cac
phuong trinh °Be(y,n)*Be hay ?D(y,n)'H. Ngudn photon-neutron 1a ngudn
neutron don nang nén dugc st dung phé bién cho muc dich nghién ctru, hi¢u

chuan thiéet bi va dinh liéu neutron.
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1.3. TUONG TAC CUA NEUTRON VOI VAT CHAT

1.3.1. Céc loai twong tac ciia neutron véi vat chat

Khi neutron truyén qua vét chit co thé c¢6 tuong tac dién tir do su tuong
tac giita cac momen tir ctia neutron va electron nguyén tir. Tuong tac nay yéu
dén muc khong du ning luong dé ion hoa nguyén tir, vao khoang 10 eV, nd
phai xay ra ¢ khoang cach 10" m, tiét dién mét nang luong neutron do ion hoa
bang 102 cm? 13 khong dang ké. Ngoai ra, sy ton tai momen tlr ctia neutron co
thé giai thich bang gia thuyét cho ring trong qua trinh sdng neutron duoc ciu
tao tir hai hat voi dién tich nguoc ddu nhau phan bd trong né, do d6 sé& cé twong
tac véi dién tich electron. Tuy nhién twong tac ndy con yéu hon ca tuong tac tir
giita cdc momen. Vi vay twong tac ctia neutron véi vat chat chu yéu 1a twong
tac v6i hat nhan nguyén tir va phu thudc rat manh vao nang luong ctia nd. Phd
ning luong neutron rong va tiy vao muyc dich khai thac c6 thé duoc phan loai

dua trén dong nang E, cua chung:

- Neutron nang luong cao E,> 100 MeV
- Neutron nhanh : 100 keV < E, <100 MeV
- Neutron trén nhiét . 0,1 eV<E,<100keV

- Neutron nhiét : E,.~= 0,025 eV
- Neutron lanh : E,.<0,025 eV

Ta c6 thé chia twong tic cta neutron khi truyén qua vat chat thanh hai
loai [4]:

Tan xa dan hoi (n,n): thuong 1a twong tac xay ra giita cic neutron nhanh
c6 ning luong tir 100 keV dén 10 MeV véi cac vat liéu nhe (Z thip) nhu Hydro,
Carbon hodc Oxy.... Trong tuong tic nay neutron chuyén mot phan ning luong
cua chung cho hat nhan giat lui.

- Téan xa khong dan hoi (n,n”) 13 twong tac chu yéu giira cac neutron c6
nang lugng cao trén 1 MeV vaéi cac vat liéu Z cao va co kha ndng gay ra phan
ung tao thanh nhu (n, xn) hodc (n, np); cac phan tng hat nhan nhu (n,y), (n,p),
(n,0), (n,f),...

Vai tro ctia mdi qua trinh phu thudc vao tiét dién cta ching. Trong mot
sb vat liéu, tan xa dan hoi rat dang ké, khi d6 neutron nhanh mat nang lugng
qua mdt loat cac va cham dan hoi lién tiép nhau vi1 cac hat nhan cua moéi truong
tré thanh neutron trén nhiét véi phan bd nang luong ty 18 voi 1/Ey, d6 chinh 1a

qud trinh 1am chdm neutron. Khi neutron dugc lam cham dén vung nang luong
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cong huong hoic viung ning luong nhiét thi né dé dang xay ra tuong tac bat
neutron voi cac hat nhin bia cia moi trudng héap thu.

1.3.2. Su suy giam chum neutron khi di qua vat chit

Khi chum hep cac hat neutron di qua moi truong cuong do chum tia giam
theo ham s6 mii. Cuong d6 chum neutron I sau 16p hap thu day x lién hé véi
cudng d6 chum neutron Iy trude 16p hap thu theo cong thire (1.8).

I=1e " =1.e™ (1.8),
trong d6 X = oN 1a tiét dién twong tac vi mo, o 1a tiét dién twong tac vi md cua
moi trudng vat chit voi neutron con N 13 s6 cac hat nhan ciia mdi trudng trong
1 cm’.

1.3.3. Sw 1am chim neutron do tin xa dan hoi

1.3.3.1. Kha nang lam chdm cua cdc vt liéu

Neuton nhanh khi twong tac voi cac vat li€u nhe s€ dugc lam cham do
tan xa dan hoi, nang luong neutron s& giam dan khi di qua cac méi truong 1am
cham.

Gia str hat neutron khdi lugng bang 1 va dong niang ban dau E tuong tac
v6i hat nhan ding yén co6 khdi luong A, ning luong sau tin xa cta neutron 1a

E’.Theo dinh luat bdo toan dong nang va dong lugng ctia qua trinh tan xa dan

hoi, ta co:
ceELE'XE (1.9),
, -[AZ1)
trong do A+1 (1.10).

Trong cong thirc (1.9), E’ = E khi neutron tan xa vé phia trudc con E’=¢E
khi neutron tan xa gidt lui vé& phia sau (t&rc 1a va cham cham tran). Theo cong
thure (1.10) trong va cham véi cac hat nhan hydrogen thi e = 0, do d6 theo cong
thie (1.9) neutron truyén toan bo dong ning cua minh cho hydrogen khi va
cham truc dién (voi goc tan xa bang 0). Tuy nhién, ddi véi cac hat nhan ning
hon, do € # 0 nén neutron khong thé truyén toan b dong ning trong mot va
cham. Nhu vay, hat nhan nhe lam cham neutron hiéu qua hon hat nhan nang.

Tham sé va cham hay d6 mat ning luong logarit trung binh theo cong
thice (1.11) duge dung dé biéu thi do mat nang luong khi neutron va cham dan

hoi.
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§:ln£:1+glng
E' l-¢

trong d6, dau gach ngang ky hiéu viéc lay trung binh theo sb cac neutron tham

(1.11),

gia tan xa va theo cac goc tan xa.

E E . ‘
Do 6= lnE nén E =€ ", hay phan nang lugng trung binh cua neutron
vao dugc truyén cho hat nhan bia trong mot va cham 1a:
E .
f=1—E=1—e‘§ (1.12).

Theo d6, doi voi hydrogen c6 & = 1 thi phan ning luong trung binh cua
neutron nhanh truyén cho hat hydrogen trong mot va cham 1a f= 63%, con d6i
voi carbon thi £= 0,159 nén f = 14,7%.

S6 va cham can thiét dé lam chim neutron tir ning luong E, dén ning

lugng E, la:

1. E
S(EI,E2)=EIHEI (1.13).

2
Nhu vay, s6 va cham can thiét dé chuyén tur electron nhanh ¢6 nang lugng
Eo=2 MeV thanh neutron nhiét c6 nang luong Er = 0,025 eV la:
18,2
4

Tir cac cong thirc ta nhan thiy rang khi sb khéi cta cac hat nhan ting thi

S, =S8S(Ey,E;)=

(1.14).

& giam va do d6 s6 va cham can thiét dé chuyén tir neutron nhanh thanh neutron
nhiét ciing ting. Cho thay cac hat nhan nhe c6 tac dung lam chim tot hon cac
hat nhan ndng. Vit liéu lam cham tdt nhu H,0, D,0, Be, C,...

1.3.3.2. Pj dai lam cham va @ dai khuéch tin ciia neutron
b0 dai lam cham la quang dudng ma neutron nhanh di dugc trong moi
truong cho dén khi trd thanh neutron nhiét. P9 dai lam chim bﬁng can bac hai

cta tudi Fermi ©(E) duoc xac dinh theo cong thirc:

ﬂ‘Sﬂ’tr dE _ ﬂ’Sﬂi‘r lnﬂ

T(E)=—f v £ 3 K (1.15),

1)
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trong d6 Eo= 2 MeV la nang luong neutron nhanh, E la ndng lugng neutron
trong qua trinh lam cham, As va A, 1a cac d0 dai tan xa va do dai dich chuyén

cua neutron trong mdi trudong. BJ dai dich chuyén dugc xac dinh nhu sau:

_ //lS
1—cosé@

(1.16),

tr

: 2 .
vGi cos O = 34 la trung binh cosin cua géc bay cua neutron sau tan xa.

Véi E = E;r=0,025 eV thi ©(Er) 13 tudi neutron nhiét con /z(Ey) 1a do
dai lam cham.

Sau khi cac neutron nhanh dugc lam cham tré thanh neutron nhiét, cac
neutron khuéch tan trong moi truong cho dén khi bi hap thy. Do dai khuéch tan
L 14 quing duong ma neutron di duoc tir khi tré thanh neutron nhiét dén lac bi

hép thu va dugc xac dinh bdi cong thure:

(3.4
L=\=35" (1.17),

trong do, A, 1a do dai hép thu neutron nhi¢t cua méi truong. V&i moi truong co
d6 dai khuéch tan L thi chum tia neutron nhiét bi suy giam khi di qua moi

truong cé bé day x dugc xac dinh nhu sau:
I=1e"" (1.18).

Cac neutron khuéch tan véi hé s6 khuéch tan D dugc xac dinh qua do dai

dich chuyén nhu sau:

D=—= (1.19).

Dbi v6i mot ngudn diém S neutron nhiét trong 1 gidy dat trong mot qua
cau 1am cham ban kinh R véi d6 dai khuéch tan L, h¢ s6 khuéch tan D thi mat
do thong luong neutron nhié¢t thoat khoi bé mit qua cu duoc tinh theo cong
thuce (1.20) [4].

SefR/ L
~ 47RD

(1.20).
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1.3.4. Sw hap thu neutron

Trong qué trinh neutron nhanh dugc lam cham thanh neutron trén nhiét
hay neutron nhiét trong mdi trudng, xac suat hap thy ching ting dan. Tiét dién
hép thu cta nhiéu hat nhan di voi neutron & mién ning luong nhiét tuan theo
quy luat 1/ v nhu sau:

1 1

U’“ﬁ’“; (1.21).

Chang han d6i véi '°B- quy luat nay dung trong mién ning luong tir
0,001 eV dén 1000 eV. Tiét dién neutron cd gid tri tai nang lugng nhiét
Er = 0,025 eV 1a 3848438 barn. Khi d6 quy luat trén co thé viét thanh:

[ DY ey (1.22).

Cac phan tng hap thu neutron nhiét thuong gip nhu H'(n,y)H? véi
or = 0,33 bams; NYn,p)C* véi or = 1,70 bamns; B'%n,a)Li’ v6i
or =4,01.10° barns va Cd'*(n,y)Cd'"* véi or = 2,1.10% barns.

1.4. CAC PHUONG PHAP GHI PO PHO NANG LUQNG NEUTRON

Neutron khong mang dién nén no c6 thé dugc phat hién bang phuong
phép ion hoa truc tiép bdi twong tac ciia chung trong mdt vét liéu nhat dinh.
Céc tuong tac neutron dugc khai thac trong cdc phuong phéap phat hién neutron
13 phan tng hat nhan nhu (n,0), (n,p), (n,n’), (n,f) va (n,y) co thé tao ra birc xa
tht cap c6 nang luong du cao dé phat hién gian tiép. Cac phan tng nhu (n,0),
(n,p), (n,f) sinh ra cac hat nhan giat lui, proton, alpha va cdic manh v& phan hach
13 cac hat mang dién c6 thé dé dang phat hién duoc. Vi Iy do nay, may do
neutron thuong bao g@)m su két hop cua vat li¢u myc tiéu thich hop cho qué
trinh chuyén ddi va may do thong thuong cho cac san pham phan Gng.

Trong ghi do neutron nguoi ta thuong do mat do thong luong neutron
ctia tirng nhom riéng biét. Pdi véi viée do mat do thong luong neutron & mot
dai ning luong nao do can giai quyét duoc hai kho khin do nén phong cua mat
d6 théng luong neutron & cac mién niang luong khac va nén phéng gamma
cuong do cao gay ra.

Céac phuong phap do pho neutron ¢ thé duoc phan thanh bay nhom duwa

trén nguyén tic duoc st dung [1]:
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- Sy tan xa dan hdi ciia neutron va phép do ning luong ciia hat nhan giat
lui ;
- Phép do nang lugng cua cac hat mang dién dugc giai phong trong cac
phéan rng hat nhan gay ra bdi neutron;
- Cac phuong phap do van tdc neutron;
- Cac phuong phap ngudng, trong do sy xuat hién cta hiéu ing giy ra boi
neutron;
- Cac phuong phap trong d6 su phan bd niang luong ciia neutron dugc xac
dinh bﬁng cach lam cham neutron két hop thuat toan giai cudn;
- Nhiéu xa neutron;
- Phép do phan b thoi gian ciia sy 1am cham dbi véi mot xung cac neutron
nang lugng cao trong mdt moi truedng thich hop.
1.4.1. Cac phwong phap do neutron nhiét
Cac phan ung chinh dugc khai thac trong cac phuong phap do neutron
cham duogc mo ta bao gom:
1.4.1.1. Phdn irng "’B(n, a)’Li
Phuong trinh phan irng nhu sau:

Lita (%) O=2,792MeV
L+ 5= [Li+ja+y(482keV) (94%) O =2,310MeV

Trong ca hai trudng hop, gid tri Q déu rat 16n so véi ning luong cla

10 1
sB+,n —>{

neutron t6i, do d6 nang lugng cua hat o va 'Li twong (mg voi chinh gia tri Q
d6. Pong ning cua cac hat a va ’Li lan luot 13 1,78 MeV va 1,012 MeV trong
truong hop 'Li ¢ trang thai co ban (chiém ty 1€ 6%) hodc 1,47 MeV va 0,84
MeV trong truong hop "Li ¢ trang théi kich thich (chiém ty 1& 94%).

Tiét dién neutron nhiét cho phan tng nay 1a khoang 3840 barn. Gia tri
nay giam nhanh khi nang lugng neutron tang 1€n, ty 1€ vo1 1/v, trong d6 v 1a
vén tdc cta neutron (Hinh 1.6).

Pé do neutron nhiét c6 hai loai dau do sir dung Boron & dang khi hodc
dang ran. O dang ran Boron dugc st dung dé phu 1én thanh cta cac 6ng dém ty
1¢ thong thuong. Dang phd bién hon 14 dng dém ty 16 sir dung khi BF; vira dong
vai tro 1a bia chuyén doi tir neutron nhiét sang hat o vira 1am chét khi ty 18. Ong
dém boron & dang ran c6 vu diém 1a chon duge chat khi ty 1€ tdt hon khi BFs3,
tuy nhién kha ning loai trir phong gamma thap hon 6ng dém BF; do nang lugng
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neutron mat trong 16p phu rin boron bé hon trong khi BFs. Trong tw nhién dong
vi '°B chiém ty 1& 19,8%; nham ting hiéu suit phat hién neutron 1én gip 5 lan
ngudi ta can 1am giau khi '°B trong hau hét cac may do 1én dén 95%.
1.4.1.2. Phdn vrng SLi(n, a)’H
Phuong trinh phan tng nhu sau:
sLi+gn— JH+Ja  (100%)  Q=4,780 MeV

Pbi v6i ning lwong neutron khong dang ké thi nang luong ciia H va a
1an luot 14 2,73 MeV va 2,05 MeV; dong thoi cac san pham phan tmg duoc tao
ra chuyén dong theo cac hudng ngugc nhau.

Tiét dién neutron nhiét cho phan Gmg nay 1a khoang 940 barn, nhung n6
cho thay sy cong hudng ddi v6i nang luong neutron giita 100 keV va 500 keV
(Hinh 1.6). Trong phan mg nay khong c6 tia gamma tré kich thich hat nhan
nao duoc phat ra, ciing véi ning luong cac san pham phan tng cao hon phan
mg '°B(n, o)’Li s& c6 thé 12 mot loi thé cho muc dich phat hién neutron ngay
ca khi tiét dién thap hon.

Dau do Lithium do neutron nhiét phd bién 1a dau do nhip nhay véi tinh
the Lil.

10¢ ! T T T ] T T T

He-3 (n, p)

2
T

8-10 (n, a)

Li+6 (n, @)
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Hinh 1.6. Sy phu thudc tiét dién neutron nhiét theo nang luong ddi véi cac
phan tmg '°B(n, o)’Li, °Li(n, o)*H, *He(n, p)*H [1]
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1.4.1.3. Phédn trng He(n, p)°’H
Phuong trinh phan tng la:
JHe+ n— H + p (100%) Q=0,764 MeV

Déi véi ning lwong nhd nhu neutron nhiét thi niang luong cta *H va p
lan lwot 12 0,191 MeV va 0,573 MeV. Tiét dién neutron nhiét cho phan tng nay
1a khoang 5330 barn, cao hon tiét dién ctia cac phan ung "B va °Li (Hinh 1.6)
[1].

*He 1a mot khi tro, do d6 khong thé ché tao hop chat rdn nao va vat lidu
phai duogc sir dung ¢ thé khi bén trong cic budng ion hda va cac bo dém ty 18.
Ong dém *He dugc sir dung kha rong rai. Quang chay ctia *H va p trong phan
trmg vao ¢ kich thudce dng dém, do d6 ching khong hoan toan tiéu tan ning
luong trong thé tich khi ma mat mot phan trong thanh dng dém, day duoc goi
1a hiéu tmg thanh dng. Pé giam hiu ing nay ta c6 thé ting ap suat khi trong
ong dém. Nhuoc diém cta ng dém 3He 1a kho loai trir phong gamma hon dng
dém BF; vi hiéu ing nhiét Q bé.

1.4.1.4. Phdn wng phdn hach do neutron gdy ra
Céc vat liéu nhu 22U, 25U va 2°Pu ¢6 thé duogc sir dung trong cac may
do neutron cham nho tiét dién phan hach twong d6i 10n ctia chung. Phuong trinh

phan ing dugc mo ta nhu sau:
235 1 A A ;.
wU + n— JFF + FF, +2,47Tn  v4i Q=207 MeV

Trong d6, FF, va FF,1a 2 san pham phan hach khéc nhau. Gia tri Q cuc ki
16n so véi cac phan tmg néu trén. Téng ning luong sinh ra trong phan img nay dugc
phan phéi cho ca neutron va san pham phan hach, khoang 168 MeV xuat hién dudi
dang dong nang cua cac manh vo. Do d6 cac may do chura céac vat li€u dua trén
phan tmg phan hach thudng c6 thé cho ra cac xung dau ra 16n hon nhiéu so vdi cac
xung duoc tao ra tir cac phan tmg khéac hodc cac tia gamma t6i. Ong dém phan hach
c¢6 phong rat thip va c6 kha ning do neutron nhiét véi hoat do bé.

Hau hét tt ca cac hat nhan phan hach déu 1a chat phét a tu nhién. Do do
cac may do chtra cac vat li¢u nay cling hién thi mot phén tin hiéu dau ra do cac
hat o, tuy nhién, ning luong cta chung thap hon ning luong duoc giai phong
trong phan ing phan hach. Vi vay, chi can dat mot ngudng xung tin hi¢u thich
hop vao hé théng thu nhin dé loai bé dong gop cuia .
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Dang phd bién nhit cia may do loai phan hach 13 mot budng ion hoa
voi cac bé mit bén trong duoc phu mot 16p vat liéu phan hach.

1.4.1.5. Phan irng bit bivc xa (n, )

Cac phan tmg bat birc xa (n, y) (Hinh 1.7) thudng duogc st dung dé phat
hién neutron nhiét va neutron trén nhiét do tiét dién nhiét 16n cua chung. Phép
do neutron duoc thuc hién bang cach do do phong xa gy ra trong mot sd vt
liéu bang twong tac neutron. Chi tiét hon, mot miu tiép xac voi thong luong
neutron va sau do bi loai bo. Tiép do, do phong xa gay ra thuong duoc dém
bang cach sir dung hé do dung 6ng dém Geiger cho hat B hodc phd ké Germani
dé do tia y phat ra trong qua trinh phan ra. Dé dat duoc d6 nhay cao, cac vt
liéu hoat hoa nay phai c6 tiét dién 16n dé phan tng tao ra neutron va do day cua

chung phai dugc giit nhé dé khong lam nhiéu loan thong luwong neutron.

|
w A

,‘(“‘“'x‘
— 1
N - \‘\

Hinh 1.7. Phan tng bat burc xa (n,vy)

neutron

o v\

Céc hiéu chinh phai duoc ap dung dé tinh dén thoi gian chiéu xa, do tré
sau chiéu xa va thoi gian do. Céc phan Gmg bit duoc st dung rong rai nhat 1a:
197Au (n,v) 198Au véi o, = 98,8 barn, T% = 2,7 ngay
1%In (n,y)*18In véi oy, = 160 barn, T% = 54,1 ngay

184Dy (n,y)182Au véi 6, = 800 barn, T% = 140 ngay

Tat ca cac dong vi duoc tao ra trong qua trinh kich hoat déu 1a dong vi
phong xa phat .

Nhu vy, vé co ban phuong phap do neutron thudng dugce st dung trong
cac may do neutron c6 thé chia thanh hai loai 1a phuong phap do thy dong va

phuong phéap do chu dong:
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- Phuong phap thu dong thuc hién viéc dém neutron mot cach gian tiép
thong qua viéc st dung cac mau kich hoat dé xay ra phan tmg bat birc xa (n, 7).
Trong phuong phap nay neutron tuong tac véi cic mau chuén tao ra dong vi &
trang thai kich thich, sau d6 déng vi duoc tao ra s€ chuyén vé trang thai co ban
va phat ra cac btrc xa gamma duoc phat hién nho cac phd ké gamma. Nhuoc
diém cua phuong phép nay 1a cho hiéu ing phong 16n, nén mau kich hoat can
duoc ché tao voi do tinh khiét cao va bé day thich hop dé dat dugc do nhay
mong mudn. Phuong phap nay thuong dugc ap dung cho ngudn dong vi neutron
¢ thong lugng 16n hodc 16 phan tmg hat nhan. Déi véi truong hop ngudn
neutron doéng vi c6 théng luong nhé (nhu ngudn 22Cf sau nhiéu chu ky ban ri)
thi k¥ thuat dung 14 do kich hoat gap khé khan.

- Phuong phap cht dong do truc tiép neutron thong qua cac phan tng cia
neutron vai vat chit tao ra cac hat mang dién d& dang phat hién duoc bang céac
dau do. Phuong phap nay cé wu thé ddi véi viée ghi do neutron cham vi tiét
dién phan tmg 16n, k¥ thuat ghi do va xur 1y s6 liéu don gian, thuan tién. Tuy
nhién, phuong phap nay con han ché trong viéc ghi do neutron ¢ ving ning
luong cao.

1.4.2. Cac phwong phap do neutron trén nhiét va neutron nhanh

Mot trong nhitng phuong phap thuong duogc st dung dé do neutron trén
nhiét va neutron nhanh 13 lam chim neutron nhanh bang mot moi trudng lam
cham r6i do neutron nhiét tir qua trinh 1lam cham d6 [4]. Khi d6, hé pho ké
dung dé ghi do neutron nhanh gém hai phan 13 chat lam chim neutron va 6ng
dém neutron nhiét. Mot loai dau do neutron nhanh khac hoat dong dua trén
hién tuong tan xa dan hoi va do hat nhan bia git 1ui. Nang luong hat nhan giat
lui cang 16n khi hat nhan bia cang nhe ma 16n nhét ddi véi Hydrogen. Do d6
ong dém thuong str dung dé do neutron nhanh theo nguyén tic nay 1a éng dém
proton giat lui.

Viéc phan tich ph6 ning luong neutron c6 thé dugc thuc hién bing dng
dém dua trén qua trinh lam cham neutron hodc 6ng dém giat Iui. Do qua trinh
lam cham neutron phuy thudc vao nang lugng ban d4u ctia neutron nén sd dém
neutron nhiét ciing phu thudc vao ning lwong neutron t6i, tir 6 co thé xac dinh
nang lugng neutron. Con trong 6ng dém giat 1ui, ndng luong proton tang khi
ning luong neutron ting, do d6 bang cach xac dinh ning lugng proton c6 thé

do duoc phd ning luong neutron.
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Nghién ctru nay tan dung cac wu diém trong phwong phap do neutron
chu dong va mé rong kha niang ghi do cia né d6i v6i neutron nhanh bang cach
st dung 6ng dém neutron loai *He két hop vdi cac 16p chét 1am chdm. Luén
van sé trinh bay vé quy trinh thiét ké va ché tao cac 16p chat 1am cham neutron
bang PE ctia hé pho ké da kénh Bonner-Cylinder sir dung 6ng dém *He dong
thoi xac dinh ham dap ung cua hé do bang phuong phap moé phong Monte
Carlo.

1.5. PHO KE PA KENH SU DUNG ONG PEM *He

1.5.1. Ong dém 3He

Khi neutron di vao dng dém s& xay ra phan tng véi *He tao thanh hai
hat mang dién duong 1a proton va triton. Cac hat mang dién nay ion hda céc
phan tir khi khi chiing chuyén dong trong thé tich ciia 6ng dém tao ra cac
electron (-) va ion duong (+). Dudi tic dung cua dién truong manh, cac
electron di chuyén vé phia cuc duong (anode) va cac ion duwong di chuyén
cham hon dén cuc Am (cathode) cua dau do, tir d6 tao ra céc xung tin hi¢u &
16i ra (Hinh 1.8). Xung di¢n tich thu dugc ty 1¢ thuan véi sb cap ion dugc tao
ra, vi vay ty 1é v6i sb lugng neutron tdi (nén dau do *He duoc goi 1a dng dém
ty 1& He).

triton

. Proton

neutron

Anode

Cathode

Hinh 1.8. Cac budc tao xung dau ra ciia ong dém *He
Tiét dién phan tng v6i neutron cta *He tuan theo quy luat 1/v, giam rd
rét khi nang luong cta neutron ting (Hinh 1.9). Piéu d6 c6 nghia 1a ng dém
*He chi nhay d6i v6i neutron nhiét, cac neutron nhanh c6 hiéu suét ghi do thap
khi dung tryc tiép ong dém *He ma khong c6 16p 1am cham neutron thich hop.

Do d6, doi voi viée ghi do cac vung neutron c6 pho nang luong rong ta can
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tinh toan phuong an lam cham neutron bang nhiéu 16p vt liéu thich hop, dua
ra ham dap ung tuong tmg véi bé day cua mdi 16p chat lam cham thi co thé
xéc dinh duoc toan bo dai phan bd ning luong neutron. Pay ciing 1a muc tiéu

va ndi dung chinh dugc dat ra trong dé tai nghién ctru cta luan van nay.
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Hinh 1.9. Tiét dién phan ung bat birc xa neutron cia *He
1.5.2. Pho bién d$ xung
Pho ké da kénh phan tich bién d6 xung tin hiéu tir 16i ra cia éng dém
thanh pho s6 dém da kénh ti 1¢ véi ning lugng. Pho ning luong ciia mot dng
dém 3He dién hinh dugc chia thanh ba ving nhu Hinh 1.10 [1].
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Hinh 1.10. Phd bién d6 xung cua éng dém 3
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+ Ving A: bao gdom mot dinh hep ¢ ning luong 764 keV khi ning luong
Q cua phan tng giita netron nhiét va *He dugc hap thu hoan toan (tic 1a dong
nang ctia proton va triton hoan toan duoc truyén cho qua trinh ion hoa tao thanh
cac cap dién tich (-) va (+) trong thé tich cta 6ng dém). Vi tri kénh c6 sb dém
cuc dai cua dinh ning luong nay cho phép chuin héa sb kénh thanh gia tri ning
lugng twong g 764 keV.

+ Vung B: dai dién cho cac hi€u tng tuong, khi cac proton hodc triton
bi hép thu hodc thoat tai bé mit cua thanh cua 6ng dém hay con dugc goi la
hiéu Gmg twdong. Su hap thy ndy 1am phat sinh thém hai bac suy giam sb dém
v6i nang luong thap hon: mot bac 1a do hiéu tmg tuong cua triton ¢ 191 keV
va bac con lai 1a do hi€u ing tudng cua proton & 573 keV.

+ Ving C: Mot s6 tin hiéu nhidu va mot dinh do birc xa gamma. Phan
nay ctia pho khong duge sir dung va c6 thé loai bo bang cach dat bo phan biét
ngudng thap (LLD) trong bd bién d6i ADC cua hé pho ké.

1.5.3. So' @6 khoi hé phd ké da kénh

Hé pho ké da kénh 12 mot bo cac khéi dién tir chirc ning dugc sir dung
dé do nang luong cua cac birc xa S (hat hodc photon). Péi véi cac phép do cac
dai luong khong dién hé thong do trude hét phai bién doi cac tin hiéu khong
dién thanh cac dai luong dién theo so dd khéi Hinh 1.11.

Ngudn Biéfl doi Khuéch Bién
bitc xa S nang dai va doi Ghi
lwong hinh xung hé va
buc xa thanh tuong nhqx va
thanh dang tu len
xung tin xung thanh thi
hi¢u chuén s6

Hinh 1.11. So d6 khéi nguyén 1y hoat dong cta hé pho ké da kénh

Chtic ndng céc khi dién tir trong hé pho ké da kénh thuong duoc mo ta
mot cach tong quéat nhu sau:

-Pau do: 1a thiét bj phat hién cac birc xa va chuyén d6i nang luong birc
xa thanh tin hiéu dién. C6 nhiéu loai ddu do khac nhau tuy thudc vao ing dung

nhu 14 dau do nhép nhay, dau do chat rin ban din hoic dau do chuaa khi. ..
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- Khéi khuéch dai: duge st dung dé khuéch dai bién do tin hiéu xung
dién tir ddu do 1én vai traim cho dén vai nghin 1an, dong thoi xi Iy va hinh thanh
dang xung dién (chuin Gauss hodc chuin tam giac), loc nhidu va hoi phuc
dudng co so (baseline restoration) dé dat d6 chinh xac cao trong phép do.
Chung bao gom khdi tién khuéch dai (P.Amp) va khdi khuéch dai chinh hoic
khéi khuéch dai hinh thanh xung chudn con goi 13 bd xir 1y tuwong tu (Analog
Processor).

-Khbi chuyén ddi twong tu sang s6 (ADC): dugc sir dung dé chuyén doi
xung tin hiéu tuong tu tur b khuéch dai thanh tin hiéu sb & 16i ra. Bo giao dién
MCD c6 chtic ndng chinh la dém va hién thi s6 dém, n6 dugc xir Iy va hién thi
nhd chuong trinh nap sin vao vi xir Iy hodc phan mém chay trén may tinh két
nbi giao dién véi ADC.

- Hé thong thu thap va xir 1y sb liéu: ¢6 nhiém vu thu thap va xu 1y dir
lidu tir MCD. N6 c6 thé bao gdm may tinh hodc bd vi diéu khién, thé nhé thu
thap dir liéu va phan mém dé phan tich dir lidu.

- Ngudn dién cao thé va thé thap: cung cap dién ap cao thé va dong dién
thé thip can thiét dé van hanh cic bo phan dién tir va dau do cua hé phd ké.

Mot hé théng dién tir hat nhan co ban c6 cAu tric nhu Hinh 1.12.

Bo khuéch

A Tién dai twong
Pau khuéch tw va hinh ADC
d 6 - > . l——p , — .
dai thanh xung MCD
Nguén (P. Amp) chuan
bic xa § (Amplifier) ‘

Cao
thé May tinh

Hinh 1.12. So d6 céu trac hé théng dién to hat nhan co ban

1.6. PHUONG PHAP XAC PINH PHO NANG LUQNG NEUTRON
BANG KY THUAT LAM CHAM NEUTRON (BONNER)

Phé ké neutron Bonner-Sphere (BSS) di dugc str dung twong d6i phd
bién trén thé gii bao gdbm mot dau do neutron nhiét voi thiét bi dién tir thich

hop bao gdm mét bd cac qua cau PE c6 duong kinh khac nhau. BSS dugc sir
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dung dé xac dinh phd ning luong ciia trudng neutron vi ching thé hién mot sd
vu diém gan nhu dang hudéng voi dau do neutron nhiét hinh cau va c6 kha ning
do neutron tir ning lwong nhiét dén 20 MeV. Tuy nhién loai dau do neutron
nhiét c6 dang hinh cau lai it duoc ché tao phé bién do pham vi hoat dong nho
ctia dau do trung tAm nén hiéu suat ghi do ctia BSS bi han ché [10]. Ddi véi
diéu kién thuc té r::ing loai dau do hinh tru dugc st dung phé bién hién nay thi
viéc sir dung céac 16p lam cham hinh cau 1a chua t6i wu, ngoai trir nhitng thiét
bi ghi do chuyén dung di c6 thiét ké chuyén biét cho cong tac dinh liéu birc xa
neutron. Ngoai ra, qua trinh thao tac thay d6i bé day chat 1am chim neutron can
nhiéu qua cau Bonner ciing khién chi phi thiét ké ché tao ton kém, dong thoi hé
do s& kha nang va cong kénh.

Trong luan vin ndy chiing toi lua chon thiét ké ché tao hé pho ké Bonner-
Cylinder (BCS) cac 16p 1am cham c6 cau trac hinh try phi hop véi dang hinh
tru cua ong dém *He d3 c6 san tai Vién NCHN. Vé nguyén tac hoat dong hoan
toan twong tu nhu loai hinh cau BSS nhung céac 16p chat lam cham PE (CoHi)n
dang hinh cau s& dugc thay thé bang thiét ké dang hinh tru c6 thé ghép 16ng
vao nhau va ¢ tim 1a mot dau do neutron nhiét (bng dém *He). Véan dé dit ra 1a
can thiét xac dinh chinh xac cac ham dap tng theo ning luong va theo do day
cac 16p lam cham cho thiét ké loai cdu trac hinh try nay.

Ham dap ung ctia moi 16p vat liéu 1am cham cho cuc dai & mot nhom
ning luong neutron cy thé phu thudc vao bé day tong cua cac 16p hinh tru PE.
Cu thé 13, khi ting bé day chat lam cham 1én bang cach lap thém vao 16p hinh
tru tiép theo, qua trinh nhiét hoa s& hiéu qua hon véi cac neutron téi ning luong
cao hon. Tir két qua phd thuc nghiém ghi nhan duoc tir dau do *He tuong tng
v6i mot tap hop cac 16p chat 1am cham, c¢6 thé thu duoc thong tin vé phd ning
luong neutron. Méi twong quan cua phd ning lugng neutron voi ham dap tng
va cac dai luong vat ly trong phuong phép nay dugc mo ta nhu sau:

Pai lugng ham dap tng duoc dinh nghia 1a ty s6 gitra s6 dém pho thuc
nghiém ghi duoc bai dau do va thiét bi pho ké trén thong luong neutron O(E)
tich lily trong khoang thoi gian do, biéu dién qua cong thire (1.23):

C

R—_—i
= E) (1.23),



32

trong d6 C; 12 s6 dém ghi dugc tir thiét bi phd ké, O(E) 13 thong luong neutron
tai nang lwong E. Diéu kién 4p dung cong thiic nay la thong lwong neutron dong
déu trong dién tich bé mat tiép xuc véi khoi chat lam cham.

1.6.1. Ly thuyét ham dap ng ciia hé phé ké Bonner-cylinder

MBJi céu hinh do thue nghiém twong tng véi to hop tir 0 dén i 16p chét
lam cham ciia hé BCS sé& c6 mot ham dap Gmg duy nhét Ry(E), 1a mot ham lién
tuc theo nang lugng neutron E (vi dy Hinh 1.13). Néu hé BCS duoc dat trong
truong neutron c¢6 phd ning luong @g(E), S6 dém C; do duoc bang thuc nghiém
va dugc biéu dién boi cong thie (1.24) [1].

C = j R(E)D,(E)dE (1.24),

Qua trinh giai dé tim thong luong neutron ®(E) duoc goi 1a “giai cudn”
(unfolding). Qua trinh nay cho phép thu dugc két qua phd ning luong neutron
tir cac két qua C;do thuc nghiém v&i dau do 3He, véi diéu kién 1a cac ham dap
tmg Ry(E) da duoc biét r5. Mic du cac gia tri thue Ri(E) va ®g(E) 1a cac ham
lién tuc theo ndng lugng ctia neutron nhung trong thuc nghiém toan gidi nang
luong E duoc chia thanh ng nhém ning lugng, mdi nhém cé ning lugng trung
binh 1a E;. Do d6, cong thtrc tich phan (1.24) dugc mo ta lai dudi dang téng cua
cac nhom nang luong theo cong thirc (1.25).

C,=> R(E,)® (E)AE, =) R(E)®(E,)=) R, O,

(G=1,2,...,ng) (1.25),
trong do @; la thong luong neutron trong nhom nadng luong thir j cua khoang
nang lugng AE;, nang luong trung binh E; va R;; 1a ham dap Gmg duoc tinh toan
bang mo phong Monte Carlo.

Do d6, thong tin phd niang lwong neutron duoc chira trong mot vecto d
vO1 ng nhom nang luong @;. Néu cac phép do dugc thuc hién trong trudng
neutron nay véi mdt bo ng Bonner-Cylinder, mot bo ng s6 dém C; (cac thanh
phan cua vecto s6 dém C) thu dugc. Mot tip hop céc ng phuong trinh tuyén
tinh c6 thé dugc viét dudi dang sau:

C=R.® (1.26),
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Cl R11 Rlz T RIE q)l
Cz _ R21 Rzz e RzE ch
. . . . . . (1.27).
_CS_ _R51 Rsz RSE_ _CDE_

Trong d6 ma tran R voi kich thudc ng x ng 1a ma tran ham dap ang ctia h¢ BCS
bao gdm ca dau do *He dit ¢ trung tAm va cac 16p chit 1am cham c6 dang hinh
tru béng PE. Néu tit ca cac thanh phﬁn ciia ma tran R dugc biét, thi co thé st
dung mot thu tuc gidi cudn thich hop dé xac dinh phé thong lugng neutron
@x(E).
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Hinh 1.13. D6 thi ham dap tng cua mot hé phd ké Bonner-Cylinder voi
cac 16p PE c6 d6 day khac nhau [3]

Trong hau hét cac trudng hop, cac phép do bang Bonner nham muc dich
xac dinh sy phan bd phé neutron tai mot “diém do” nhat dinh. Vi vay, cac phép
do duoc thuc hién khi dit cac 16p chit 1am cham c6 hinh tru tiép theo 1an luot

c6 duong xuyén tam khong thay doi c6 tim trung véi vi tri diém do.
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1.6.2. Cac phwong phap gidi cuon (Unfolding)

Cho dén nay, cic phép do phd neutron bang phd ké loai Bonner da dugc
nghién ctru rong réi, ddn dén mot s6 k¥ thuat giai cudn dién hinh nhu: dya trén
céc phuong phép binh phuong t6i thiéu, phuong phap Monte Carlo, entropy
cuc dai, thuat toan di truyén va cac thudt toan mang noron.

1.6.3. Phuong phap Monte Carlo

Dé giai cac bai toan lién quan dén van chuyén hat, khac véi cac phuong
phap van chuyén x4c dinh giai mét phuong trinh tuong minh, phuong phap
Monte Carlo (MCM) thu duoc 161 giai bang cach mo phong cac hat riéng 1é va
ghi lai cac thong sd (s6 liéu, cac danh gia) vé gia tri trung binh cta chung. MCM
van chuyén cac hat gitra cac sy kién (vi du nhu va cham) tach biét trong khong
gian va thoi gian. MCM rét phu hop dé giai cac bai toan ba chiéu phtc tap.

Monte Carlo ¢6 thé dugc sir dung dé sao chép vé mat Iy thuyét mot qua
trinh thong ké (chang han nhu sy twong tic cla neutron véi vat chat) va dic
biét hitu ich cho céc van dé phirc tap khong thé mo hinh hoa bang ma mdy tinh
str dung cac phuong phap xac dinh. Cac sy kién xéc suit riéng 1& bao gdm mot
quy trinh dugc mé phong tuan ty, tirc 13 timg hat trong sé nhiéu hat tir mét
nguon sé& duge mod phong trong sudt vong doi cua né cho dén khi bién mat (bi
hép thy, thoét ra,...). Cac phan phdi xac suit cho cac sy kién nay duoc 1dy mau
théng ké dé mo ta hién twong. Noi chung, mé phong duoc thuc hién trén may
tinh k¥ thuét s6 vi s6 luong thir nghiém can thiét dé mo ta day du hién tuong
thuong khé 16n. Trong van chuyén hat, k¥ thuat Monte Carlo mo ta phan phdi
x4c suat dugc 14y mau ngiu nhién bang cach sir dung dir liéu van chuyén dé
xé4c dinh két qua & mdi budc trong vong doi cta nd [11].

Nhu vay, cac budc co ban khi st dung phuong phap Monte Carlo giai
bai toan van chuyén hat dugc mo ta nhu sau: tao ra cac sd ngiu nhién phan bd
déu trén khoang [0,1] bang cac s6 ngiu nhién dic biét. Cac dai luong tuong
g trong phuong trinh truyén hat c6 phan bd mat do xac suat nhu: phan b tiét
dién phan ung theo ning luong, phd ning luong ciia ngudn birc xa, phan bd
khong gian cta vat liéu ngudn,...Liy miu cac dai lugng ngiu nhién tir cic quy
luat phan phdi mat do xac suét di cho trudc ciia chung dua trén cac sé ngau
nhién phan bd déu trén khoang [0,1]. Tir d6 tinh cac dic trung trung binh cta
cac dai luong quan tdm dua trén gia tri thong ké ghi nhan duoc sau N 1an gieo

ngiu nhién d6i v6i hat ngudn ( ngudn birc xa neutron, gamma) [12].
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So d6 thuét toan tong quét ciia mot chwong trinh tinh toan Monte Carlo

d6i v6i neutron duge mo ta nhu trong Hinh 1.14.
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Tom lai, MCM 1a phuong phap pht hop nhét dugc str dung dé mé hinh
hoéa tai tao chuyén dong va twong tac ctia neutron qua moi truong vat chat, may
tinh str dung cac s6 ngau nhién va lip lai mo phong cho nhiéu birc xa dé wéc
tinh gid tr1 trung binh cia ching. Do do c6 do chinh xac ngay cé trong truong
hop hinh hoc phtic tap nhung doi hoi thoi gian tinh toan 1au dé thu duogc két
qua chinh xac vi s 1an lap phai rat 16n. Khi s6 lugng cac budec mo phong ting,
sai 80 s& cang nho va nang cao y nghia thong ké cua két qua tir cac md hinh tinh
toan.

Phuong phap nay da giai quyét duoc yéu cau cap bach ciia cac bai toan
thuc té tir nghién ctru 16 phan tmg dén an toan birc xa va ing dung vt 1y hat
nhan... Di ciing v6i su phat trién ciia khoa hoc may tinh thi k¥ thuat tinh todn
MC ngay cang trd nén hip dan vi loi thé vé chi phi tinh toan, giam bét rui ro
khi tién hanh thi nghiém (dic biét 14 trong moi trudng birc xa nguy hiém) voi
d6 tin cdy ctia cic md phong ngay cang cao. Mot s6 phan mém mé phong MC
c6 thé duoc st dung nhu chuong trinh MCNP, chuong trinh GEANTA4, chuong
trinh PHITS...

1.7. CHUONG TRINH MO PHONG PHITS

PHITS (Particle and Heavy Ion Transport code System) duoc st dung
phuc vu cho muc dich mé phong su van chuyén bic xa duoc phat trién thong
qua phuong phap mé phong MC va duoc phat trién bai nhom Hiroshi Takemiya
dui su hop tac ctia Co quan Ning luong nguyén tir Nhat Ban (JAEA), T6 chiic
nghién ctru Khoa hoc va Cong nghé thong tin (RIST), KEK va mét sb vién
nghién ctru trén toan thé gigi. PHITS c6 thé hd trg cic nghién ciru trong linh
vuce cong nghé mdy gia tdc, xa tri, an toan birc xa nhiéu linh vuc khac lién quan
dén qua trinh van chuyén birc xa...

PHITS mé phong su van chuyén va va cham ctia gan nhu tat ca cac hat,
bao gdm: notron, proton, ion ning, photon va electron trén cac dai ning luong
rong tir 10 eV t6i 1 TeV [13,14] bang cach sir dung cac md hinh phan tng hat
nhan va thu vién di liéu khac nhau. Phan mén PHITS duoc viét bang ngdn ngir
Fortran va c6 thé duoc thuc thi trén hdu hét cac may tinh. Hon 1500 nha nghién
ctru dd dang ky 1a nguoi dung PHITS va ho 4p dung phan mém nay cho cac
linh vuc nghién clru va phat trién khac nhau nhu cong nghé hat nhan, thiét ké

may gia toc, vat Iy y té va nghién ciru tia vil try.
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Bang 1.3. Bang so sanh cac chuong trinh PHITS véi céc chuong trinh mo
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Thiét ké che chin may

Puoc tich
hop day du
cho su tuong

CERN Y , tac va va
FLUKA ’ gia toc, phong xa, thién | Fortran 2 Vil Var}
INFN B chuyén cua
van hoc ] .
cac hat va hat
nhan trong
vat chat.
Phan tich va du doan
cac phan trng hat nhan. . ,
N . , M3 gudon mo
M6 phong cac phan 4 ]
, A 1in (giay phép
ung hat nhan lién quan 1 .
P Fortran | GPL) dé mo
TALYS | NRG Petten | dén neutron, photon, . .
. 95 phéng cac
proton, deuteron, triton, L
3 . phan tng hat
hat °He va alpha, trong han
dai nang luong eV - '
200 MeV.
Puoc phat
trién cho
SuperMC FDS Phong xa. C++ ITER. Mang
tinh chat truc
quan hoa.
Cai dit dé
dang. Ung
dung trong
May gia téc, Phong xa, bai toan thiét
PHITS JAEA, Th’ién van hoc. (;éc l.:)?ti Fortran kf mé}: gia
RIST, KEK | toan hat twong tac voi toc, mo
vat chét. phong dau
do, X quang,
khoa hoc vii

tru.
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Mot sb thanh phan khai bao quan trong khi sitr dung phdn mém tinh toan
PHITS bao gdm:
- Thanh phan 1: Ngudn (Source ): Khai bao ngudn birc xa trong bai toan mo
phong.
- Thanh phan 2: Hinh hoc (Geometry): Khi str dung c6 thé khai bao cau tric
hinh hoc theo nhiéu cach khac nhau nhu: Dinh dang GC hay CG, tién ich dd
hoa ANGEL, 2d va 3D viewers, SimpleGEO.
- Thanh phan 3: Chirc ning thong ké (Tally): Khi st dung PHITS, ta c6 thé thu
duoc cac két qua vé thong lugng, nhiét lugng, nang lugng cua hat, DPA, LET,
V...
- Thanh phén 4: Tap tin dau ra (Output file): Cac dinh dang tap tin dau ra co
ban gom:
batch.out: Thong tin batch
phits.out: Tom tat tinh toan
track_xz.eps: Hinh anh vé quy dao chuyén dong cua hat
track xz.out: Dir liéu sb cua quy dao hat
track xz_err.eps: Hinh anh vé sai s6 théng ké
track_xz_err.out: Dir liéu sd vé sai s6 thong ké

Vi du: Céc ngudn diém voi trén mot dinh ning luong nhu ngudn “°Co co
2 dinh 1173 keV va 1333 keV c6 thé dugc mo phong bang PHITS.

\J

®Cosource| —@—

2N

T T 1 )
(’OCO ﬁ-

T »(1.173MeV) 100%
7(1.333MeV) 100%

6ON[j e

Flux [1/cm%source)

Ngudn ©Co phét ra 2 tia gamma (nang lwong 1a 1.173 va 1.333 MeV) sau phan 13 beta

L N\ J

F— P ' I | - L
0.0 0.5 1.0 1.5 2.0
Energy [MeV]

Hinh 1.15. Hinh anh mo phong bé tri thyc nghiém ngudn °Co
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60Co source

z[cm]

track_xz.eps

3
Flux [1/cm?/source]

Hinh 1.16. Hinh anh mé phong ngudn °Co bang phan mém PHITS
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Chuwong 2. THUC NGHIEM VA XU LY SO LIEU

2.1. THIET KE CAU TRUC HINH HQC CUA CAC LOP CHAT LAM
CHAM NEUTRON BANG PE CUA HE BCS

Mat do cuaa 16p chét 1am cham neutron ¢6 vai tro quan trong trong viéc
xac dinh chinh xac ham dap ung ctia h¢ phé ké Bonner noi chung. Vat liéu PE
duoc lya chon trong nghién ctru nay c¢6 mat do khéi 0,95 g/cm’, khong doc hai,
6n dinh hoa hoc, cach nhiét, cach dién, co kha nang lam cham neutron tot. Cac
16p PE d6 day khac nhau dugc bao boc quanh 6ng dém *He ma s6 “LND 2528”
(kich thudc thiét ké theo Hinh 2.1) tao nén hé ph6 ké Bonner nham do phd
neutron str dung dé tinh toan giai cudn phé phan b thong luong neutron theo
nang lugng cua treong neutron tai vi tri do. Trén co s¢ tham khdo cac hé do
Bonner hinh cau va hinh tru da duoc thiét ké trén thé gidi, ké thira cac két qua
md phong tinh toan tdi wu bé day lam cham neutron tir nhém nghién ctu tai
Trung tam Vat ly va Pién tur hat nhan, phan tich nhirng uu diém hinh hoc thich
hop voi dng dém *He hinh tru duogc sir dung trong nghién ctru hé do nay, toi
dua ra phuong an thiét ké cac 16p PE gém 15 dng hinh try rdng c6 bé day khac
nhau (theo s6 liéu Bang 2.1) c6 thé 16ng khit vao nhau nham thay d6i bé day
cua cac 16p chit lam chdm mét cach linh dong va van dam bao do chinh xac
clia cac phép do ciing nhu phu hop véi dai ning lugng can khao sat. Thiét ké
duoc md ta nhu Hinh 2.2. TAt ca cac 16p 1am cham neutron déu dugc ché tao
dong bo bang vat liéu PE, mau sic khac nhau trong cac ban vé thiét ké sé giup

nhén biét rd cac 16p hinh tru roi nhau duge 16ng ghép voi nhau.

8.00 87
Z—OB‘Z‘AET LGTH. — 5557
HN CONNECTOR

fecs

1
JM LS 2+5.z.

11.34
288.0

Hinh 2.1. Ban vé& k¥ thuat ng dém *He LND 2528 (gia trj ghi phia trén

dung don vi inch, gia tri ghi bén dudi dung don vi mm)
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Bang 2.1. Kich thudc cac éng hinh try PE

A qs A qs \ . Chiéu
Do day | Do day | Duwong | Duwong 20
Ky hi€u | PE tich | tirng kinh kinh thanh

16p PE lay 16p trong ngoai ngoi éng
(mm) (mm) (mm) (mm)
(mm)
P’EO
(Oong 288,0
dém SHe 25,4
tran)
PE1 4,75 4,75 25,5 35,0 305,0
PE2 9,75 5,0 35,0 45,0 310,0
PE3 14,75 5,0 45,0 55,0 315.,0
PE4 19,75 5,0 55,0 65,0 320,0
PES 24,75 5,0 65,0 75,0 325.,0
PE6 29,75 5,0 75,0 85,0 330,0
PE7 34,75 5,0 85,0 95,0 335,0
PES 39,75 5,0 95,0 105,0 340,0

PE9 44,75 5,0 105,0 115,0 345,0

PE10 52,25 7,5 115,0 130,0 352,5

PEI11 62,25 10,0 130,0 150,0 362,5

PE12 72,25 10,0 150,0 170,0 372,5

PEI3 82,25 10,0 170,0 190,0 382,5

PE14 92,25 10,0 190,0 210,0 392,5

PEIS5 102.25 10,0 210,0 230,0 402,5
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(a) M6 phong 3D thiét ké hé BCS



44

&
al al m.s@

=9 255-
b—9 35.0—

MAT CAT A-A
BAN VE KY THUAT ONG PE SO 01

(b)Ban v& k¥ thuat éng PE s6 01

MAT BANG

MAT CAT A-A

BAN VE KY THUAT ONG PE SO 15

(c) Ban vé k¥ thuat 6ng PE s6 15

Hinh 2.2. Thiét ké cac 6ng PE ctia hé BCS, (a). M6 phong 3D hé BCS,
(b). Ban v& k¥ thuat éng PE s 01, (c). Ban vé k¥ thuat éng PE s6 15
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Ong PE1 ¢6 duong kinh trong 10ng véo khit v&i dudng kinh ctia dau do

3He, cac 6ng con lai c6 duong kinh trong bang véi dudng kinh ngoai cua céac
ho hon lién ké (Hinh 2.3).

ong n

7
A

£230.0

Hinh 2.3. Ban vé kich thuéc cac 6ng hinh tru PE (don vi mm)
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2.2. CHE TAO CAC LOP CHAT LAM CHAM NEUTRON BANG PE
CUA HE BCS THEO THIET KE

Sau khi hoan thién thiét ké, cac 16p hinh tru PE cta hé BCS dugc giao
cho xudng co khi ché tao v6i do chinh xac cao chat lugng va yéu cau dap Gmg
v6i myc tiéu cua dé tai nghién ciu (Hinh 2.4, 2.5).

Hinh 2.5. Hé BCS gom 15 16p PE 10ng vao nhau véi 6ng dém *He lip dat

O trung tam
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2.3. MO PHONG MONTE CARLO PE XAC PINH MA TRAN SO LIEU
CAC HAM PAP UNG TUONG UNG THEO NANG LUQNG NEUTRON
VA THEO PQ DAY CAC LOP LAM CHAM NEUTRON BANG PE PA
CHE TAO

Chuong trinh mé phong PHITS duoc sir dung trong luan vin dé mé hinh
hoa qua trinh twong tac cua neutron voi vat chat. Pé thuan loi trong viéc giai
phuong trinh van chuyén neutron, phd neutron duoc chia thanh cic nhom ning
lwong goi 1a cdu tric ning lwong ctia phd neutron, trong d6 mdi nhém cd mot
gia tri trung binh. P& tai nghién ciru nay khao sat phd ning luong neutron cé
dai phan bd tir 0 eV dén 13 MeV chia thanh 47 nhoém ning lugng theo thang
logarit la: 1,00E-08; 1,59E-08; 2,51E-08; 3,98E-08; 6,31E-08; 1,00E-07;
1,59E-07; 2,51E-07; 3,98E-07; 6,31E-07; 1,00E-06; 1,59E-06; 2,51E-06;
3,98E-06; 6,31E-06; 1,00E-05; 1,59E-05; 2,51E-05; 3,98E-05; 6,31E-05;
1,00E-04; 1,59E-04; 2,51E-04; 3,98E-04; 6,31E-04; 1,00E-03; 1,59E-03;
2,51E-03; 3,98E-03; 6,31E-03; 1,00E-02; 1,59E-02; 2,51E-02; 3,98E-02;
6,31E-02; 1,00E-01; 1,59E-01; 2,51E-01; 3,98E-01; 6,31E-01; 1,00; 1,59;
2,51; 3,98, 6,31; 1,00E+01; 1,59E+01 (MeV).

bé xé4c dinh dugc ma tran sd liéu cac ham dap ung béng chuong trinh
PHITS theo nang lugng neutron va theo d¢ day cac 16p PE céac budc thuc hi¢n

nhu sau:

- Budc 1: Dua vao s liéu ban thiét ké cac 16p PE va cac thong sb cua
ong dém *He khai bao chat liéu cac ving khong gian, cac bé mat, khai bao
nguon, viét file input thiét 1ap cu trac hinh hoc cua hé do (Phu luc 1). Ta ¢6
thé kiém tra truc quan hinh hoc hé do mé phong va theo déi tally-output thong

qua cic mit cit ngang nhu Hinh 2.6.

- Budce 2: Nhap gia tri do day 16p 1am cham PE (c1) va nang luong cua

neutron (c2) trong phan khai bdo parameters cua file input nhu sau:

[Parameters]

icntl = 0 # (D=0) 3:ECH 5:NOR 6:SRC 7,8:GSH 11:DSH
12:DUMP
maxcas = 1000000  # (D=10) number of particles per one batch

maxbch = 100  # (D=10) number of batches
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negs = 1 # (D=0) =1 EGS photon and electron
e-mode = 1 # (D=0) 0: Normal, 1: Event generator mode
citall = 1 #(D=0) O:no tally at batch, 1:same, 2:different

file(1) = c:/phits # (D=c:/phits) PHITS install folder name
file(6) =phits.out  # (D=phits.out) general output file name
set: ¢1[10.225] $ polyethylene thickness ////NHAP THEO SO

LIEU TRONG FILE EXCEL////////

set: ¢2[6.31E-4] $ incident neutron energy ////

X [cm]

Flux [1/cm?/source)

_20 -

_40 -

1 1 l il 1 il 1 l 1 1 l 1 1 1 1 I 1 1 1 1 J

-200 -150 -100 -50 0 50
z [cm]

Hinh 2.6. Mit cit ctia hé phd ké Bonner-Cylinder md phong bang phan

mém PHITS

Sau khi thyc hién chay mo phong bang PHITS ta thu duogc gia trj s6 dém

trong file Deposit; luu lai két qua trong file output dong thoi tong hop cac gia
tri két qua vao bang tinh file Excel. Lan luot thay di cac gia tri 6 day 16p PE
(bao gém truong hop do voi dau do trin) va nang luong neutron nhu di néu ¢
trén dé co dugc cac s liéu ham dap ung (Bang 2.2). Tong s6 phép tinh phai
thuc hién 1a 752. Hinh 2.7 cho két qua phé nang lugng neutron thu dugc trong
1 phép tinh mé phong. Tir bang s6 liéu xac dinh dugc ham dap ing ciia hé BCS
(Hinh 2.8)
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File = deposit.out

0.25

0.20

o
-
[6)]

Response [cm?]

o

o

Energy Deposition for each cell

no.= 1, reg =

101

'IIIIIIIIIIIIIIII

TN U T U I U AN A U N U A O I O A O O OO

calculated by PHITS 3.27

04 06

0.8

Deposit Energy [MeV]

1.0

Date = 15:32 17-Feb-2023

vol = 1.0000E+00 [cm?

[— all

| ' — proton

[ — triton
electron

plotted by AxGrl. 4.50

Hinh 2.7. Phé mé phong ning lwong hap thu cua éng dém *He dit trong

16p PE 10,225 cm v6i ngudn phat neutron c6 ning luong 6,31E-04 MeV

Bang 2.2. Bang két qua gia tri ham dap ung cua hé BCS (tir PEO dén PE7)

En
(MeV)

PE 0
0cm

PE 1
0,475 cm

PE 2
0,975 cm

PE 3
1,475 cm

PE 4
1,975 cm

PE 5
2,475 cm

1,00E-08

3,86E+01

1,67E+01

1,08E+01

8,24E+00

6,68E+00

5,51E+00

1,59E-08

3,54E+01

1,82E+01

1,21E+01

9,25E+00

7,48E+00

6,17E+00

2,51E-08

3,19E+01

1,94E+01

1,34E+01

1,03E+01

8,36E+00

6,91E+00

3,98E-08

2,81E+01

2,05E+01

1,50E+01

1,17E+01

9,54E+00

7,87E+00

6,31E-08

2,43E+01

2,14E+01

1,70E+01

1,38E+01

1,13E+01

9,38E+00

1,00E-07

2,08E+01

2,17E+01

1,94E+01

1,65E+01

1,39E+01

1,17E+01

1,59E-07

1,75E+01

2,12E+01

2,10E+01

1,90E+01

1,66E+01

1,42E+01

2,51E-07

1,46E+01

2,03E+01

2,15E+01

2,02E+01

1,80E+01

1,55E+01

3,98E-07

1,20E+01

1,88E+01

2,17E+01

2,15E+01

1,97E+01

1,74E+01

6,31E-07

9,85E+00

1,73E+01

2,14E+01

2,21E+01

2,09E+01

1,88E+01

1,00E-06

8,02E+00

1,56E+01

2,07E+01

2,24E+01

2,17E+01

1,99E+01

1,59E-06

6,50E+00

1,40E+01

1,99E+01

2,23E+01

2,22E+01

2,07E+01

2,51E-06

5,25E+00

1,26E+01

1,89E+01

2,20E+01

2,25E+01

2,14E+01

3,98E-06

4,23E+00

1,11E+01

1,78E+01

2,15E+01

2,26E+01

2,18E+01
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6,31E-06

3,38E+00

9,89E+00

1,69E+01

2,12E+01

2,27E+01

2,22E+01

1,00E-05

2,71E+00

8,68E+00

1,57E+01

2,03E+01

2,23E+01

2,22E+01

1,59E-05

2,15E+00

7,58E+00

1,45E+01

1,94E+01

2,18E+01

2,21E+01

2,51E-05

1,71E+00

6,60E+00

1,33E+01

1,85E+01

2,12E+01

2,19E+01

3,98E-05

1,36E+00

5,73E+00

1,22E+01

1,75E+01

2,06E+01

2,16E+01

6,31E-05

1,08E+00

4,96E+00

1,12E+01

1,66E+01

1,99E+01

2,12E+01

1,00E-04

8,59E-01

4,28E+00

1,03E+01

1,57E+01

1,92E+01

2,08E+01

1,59E-04

6,78E-01

3,68E+00

9,33E+00

1,48E+01

1,84E+01

2,03E+01

2,51E-04

5,38E-01

3,18E+00

8,50E+00

1,39E+01

1,77E+01

1,98E+01

3,98E-04

4,24E-01

2,73E+00

7,76E+00

1,31E+01

1,70E+01

1,93E+01

6,31E-04

3,35E-01

2,35E+00

7,07E+00

1,22E+01

1,63E+01

1,87E+01

1,00E-03

2,65E-01

2,00E+00

6,39E+00

1,15E+01

1,56E+01

1,82E+01

1,59E-03

2,08E-01

1,70E+00

5,80E+00

1,08E+01

1,49E+01

1,76E+01

2,51E-03

1,62E-01

1,45E+00

5,28E+00

1,01E+01

1,42E+01

1,71E+01

3,98E-03

1,26E-01

1,24E+00

4,76E+00

9,44E+00

1,36E+01

1,65E+01

6,31E-03

9,86E-02

1,04E+00

4,31E+00

8,81E+00

1,30E+01

1,60E+01

1,00E-02

7,6 7E-02

8,79E-01

3,88E+00

8,22E+00

1,23E+01

1,55E+01

1,59E-02

5,73E-02

7,36E-01

3,45E+00

7,61E+00

1,17E+01

1,49E+01

2,51E-02

4,34E-02

6,06E-01

3,07E+00

7,05E+00

1,11E+01

1,45E+01

3,98E-02

3,34E-02

4,94E-01

2,70E+00

6,49E+00

1,05E+01

1,40E+01

6,31E-02

2,47E-02

3,98E-01

2,33E+00

5,91E+00

9,92E+00

1,34E+01

1,00E-01

1,79E-02

3,00E-01

1,97E+00

5,25E+00

9,18E+00

1,28E+01

1,59E-01

1,32E-02

2,18E-01

1,59E+00

4,55E+00

8,33E+00

1,20E+01

2,51E-01

1,08E-02

1,53E-01

1,24E+00

3,81E+00

7,35E+00

1,10E+01

3,98E-01

1,64E-02

1,05E-01

9,27E-01

3,04E+00

6,18E+00

9,70E+00

6,31E-01

2,01E-02

7,52E-02

6,50E-01

2,28E+00

4,97E+00

8,19E+00

1,00E+00

2,26E-02

5,52E-02

4,41E-01

1,64E+00

3,74E+00

6,47E+00

1,59E+00

2,51E-02

4,42E-02

2,87E-01

1,10E+00

2,65E+00

4,81E+00

2,51E+00

2,39E-02

3,55E-02

1,82E-01

7,05E-01

1,77E+00

3,35E+00

3,98E+00

2,07E-02

2,84E-02

1,11E-01

4,29E-01

1,13E+00

2,18E+00

6,31E+00

1,72E-02

2,26E-02

7,32E-02

2,75E-01

7,22E-01

1,45E+00

1,00E+01

1,40E-02

1,67E-02

4,15E-02

1,41E-01

3,65E-01

7,40E-01

1,59E+01

1,21E-02

1,44E-02

3,28E-02

1,04E-01

2,79E-01

5,51E-01
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Hinh 2.8. Sau ham dap tng cua hé BCS khi do v&i dng dém tran He
(PE0) va ting dan bé day (tir PE1 dén PES5)

Ham dap Gng cho thay mdi quan hé gitta d6 nhay cua hé pho ké theo
ning luong neutron. Do nhay ctia dng dém *He thay di theo ning luong va
nhay nhat d6i voi neutron nhiét. Vi tri dinh trong ham dap tng di chuyén vé

phia ning luong cao hon khi bé day cua 16p chat 1am cham ting.

2.4. THIET LAP CAU HINH PHO KE PO THU'C NGHIEM SU DUNG
ONG PEM *He VA CAC LOP LAM CHAM BANG PE PA CHE TAO

2.4.1. Trang thiét bi thuc nghiém

2.4.1.1. Thiét bi ghi do neutron nhiét

Pau do neutron nhiét dugc sir dung trong nghién ciru nay 1a dng dém

3He LND, INC 2528 san xuit tai My (Hinh 2.9) c¢6 cac thong s k¥ thuét nhu
mo ta trong Bang 2.3 va duoc san xuét theo ban thiét ké Hinh 2.1. Cac thong
s6 nay da duogc sir dung dé khai béo chi tiét trong file input ctia chuong trinh
mod phéng PHITS.
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Hinh 2.9. Ong dém *He LND 2528 sir dung trong thi nghiém
Mat do khdi cua *He trong 6ng dém ¢ diéu kién ap suat khong qua 1on
405298,88 Pa va nhiét do 21°C (294 K) ta c6 thé sir dung phuong trinh trang
thai khi 1y tuong dé tinh thong s6 mat 6 khdi (khdi lwong riéng) nhu sau:
pV =nRT 2.1)

m m p.A p.A
=>pV =—RT=>—=—7=>p="—"™ 2.2
P A Vo RT P RT 22)

trong d6: p 1a ap suat ciia khdi khi trong 6ng, don vi 1a Pa; V 1a thé tich khéi
khi, don vi 1a m*; m 1 khéi lugng khi trong dng, don vi 1a gam (g); A 1a nguyén
tir khdi cua khi, don vi 1a g/mol; n 1a s6 mol ctia khéi khi, don vi 1a mol; R 1a
hang s6 khi , trong hé do ludng qudc té R=8.314462 (m*.Pa.mol’.K"); T 1a
nhiét dJ tuyét ddi cua khéi khi; p=m/V la mat do khdi caa khi He-3 trong 6ng,
don vi 1a g/m® hodc g/em’.

Thay céc sb liéu vao cong thirc 2.2 ta x4c dinh dugc mat do khdi caa

405298.3

3 A Aoy P=—— =497 7o/ m’ =0,0004977 g / cm’
He trong 6ng dém la: P 8.31.294 g g

Bang 2.3. Thong sb ky thuat dng d¢ém *He 2528

Chiéu dai ti da (inch/mm) 11,34/288,04
Puong kinh ti da (inch/mm) 1,0/25,4
Chiéu dai hiéu dung (inch/mm) 8,0/203,2

Vat liéu cuc am (bén trong/ bén ngoai) Thép khong gi
Duong kinh hi¢u dung (inch/mm) 0,96/24,38
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Nhiét do hoat dong (°C) -50 dén +100
Ap suat khi (Torr/Pa) tai 21°C 3040/405298,88
Thé tich hiéu dung 94,84

Mat d6 khdi cta *He (g/cm?) 0,0004977

bién ap hoat dong khuyén dung (Von) 1250

Pham vi di¢n ap hoat dong (Von) 1100 — 1400

Do phan giai t6i da (% FWHM) 8

D0 nhay neutron nhiét (CPS/NV) 28,0

2.4.1.2. Nguén neutron *' Am-Be va 22Cf

e Hé chiéu chuan neutron ding ngudn dong vi 2*' Am-Be dit tai Phong
chuén liéu neutron cua Vién NCHN. Nguén dat ¢ tam cua container dang hinh
tru cao 12,6 mm va dudng kinh 5,8 mm; vo ngudn dang hinh tru cao 15 mm va
duong kinh 7,8 mm lam bang thép khong ri (mat trén va dudi day 1,2 mm;
thanh tru xung quanh day 1 mm) dugc md phéng nhu Hinh 2.10. Ngudn c6
cuong do phat 1a 5,6038.10° + 6% n/s ndm 2001, va giam con 5,4181.10° + 6%
n/s nam 2022.

7 mi MBI HAN

NAP

vO NGUON
15 mm

Hinh 2.10. Hinh hoc ngudn neutron 2*' Am-Be theo kich thudc thyuc

Ngudn dong vi ndy phat ra hat alpha véi ning luong trung binh 5,4 MeV
va kém theo tia gamma c6 ning luong khoang 40 keV dén 60 keV. Qua trinh
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phat neutron ctia ngudn anpha-neutron 2*'Am-Be dua trén phan tmg giita hat
alpha phat ra do >*' Am phan i tuong tic voi bia Be dugc biéu dién thong qua
hai phan g :

241 237 4
os Am — . Np+ JHe
4 9 12 1
yHe+ ;Be —» C+  n

Nhim dam bao an toan birc xa va bao vé nguén thi n6 dugc dat trong
Howitzer parafin hinh tru (Hinh 2.11), ngué)n 6 thé duogc nang lén va ha xuéng
ty dong nho hé théng tu dong c6 day rong roc va co thé canh chinh thoi gian
theo yéu cau thi nghiém, dam bao an toan cho ngudi nghién ctru trong qué trinh
tién hanh do dac.

Hinh 2.11. Howitzer chtra ngudn 2*' Am-Be
e Hgé chiéu chudn neutron ding ngudn dong vi 22Cf dit tai Phong thi
nghiém cua Trung tam Dao tao, Vién NCHN bao gém:
- Howitzer chtra ngudn (Hinh 2.12) 1a mot thung thép khong ri dang hinh
tru day 0,2 cm, cao 50 cm; d}rc‘)rng kin‘h ngoai 50 cm va duong kinh trong 4,,8
cm (khong gian gitta dugc lap day bang paraffin va B4C véi ti 1€ theo khoi
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luong 90% parafin va 10% B,4C); & tam container 1a khong gian rdng 1a noi dé
ngudn neutron 252Cf.

- Thoi ngudn 22Cf (dung cho khoi dong Lo phan Gmg Pa Lat, nhan nim
2011) c6 hoat @6 407 MBq (11 mCi) do ngay 02/08/2011 va cudong do phat
5.107 + 8% n/s; cudng d6 phat giam con 2,8.10° n/s ngay 19/5/2022. Ngudn cd
khéi lugng 21 pg, duong kinh 3,4 mm, dai 3mm (Hinh 2.13).

Khi chiéu xa, ngudn 22Cf duoc dwa 18n phia trén bang hé thong diéu
khién tu dong co6 day rong roc.

Hinh 2.12. Howitzer chtra ngudn 252Cf
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3.4mm
’ 1 ‘ VO BOC THEP KHONG Ri

NGUON CF-252

2.5mm

—f

<~ 7.0mm ——*

Hinh 2.13. Hinh hoc ngudn neutron 252Cf theo kich thudc thuc

2.4.1.3. Thiét bi dién tiv hé phé ké da kénh

May phan tich bién d¢ da kénh sur dung tai Trung tam Vat Iy va Dién tu
hat nhan thuéc Vién NCHN 1a Multiport II, khéi khuéch dai phd va khéi cao
thé do hang Canberra (M¥) ché tao c6 dang nhu Hinh 2.14.

o e s

Hinh 2.14. Cac khdi dién tr hé phd ké da kénh Multiport II (Canberra)

Mach dién tir hé phé ké da kénh trén duoc mo ta theo so do Hinh 2.15.



57

|

Nguon cao ap
(1200V)

——e— (i 4. ) (" Tiénkhuéch dai Khuéch dai pho ke | [ I
T ; ;
B Dau do (142PC (AMPLIFIER g
neutron 3He ‘ (MULTIPORT II)

_ PREAMPLIFIER) | | CANBERRA 2022)

Hinh 2.15. So d6 mach dién tir hé phd ké da kénh
- C)ng dém *He LND, INC 2528 bién ddi birc xa neutron thanh tin hiéu dién;
-Nguon cao ap c6 thé diéu chinh dugc dén dién ap thich hop cho dng dém hoat
dong. Trong thi nghiém nay dién ap duoc diéu chinh dén 1200 V;
- Tién khuéch dai s& khuéch dai céc tin hiéu tir 16i ra cta 6ng dém 3He;
- Khuéch dai pho ké (AMP) con goi 13 bo xtr 1y twong tu c6 nhiém vu khuéch
dai tin hiéu dong thoi xtr Iy dang xung dién dé cho d6 chinh xac cao trong phép
do;
- MCA 1a b6 phan tich da kénh bao gdm ADC bién di tin hiéu twrong ty thanh
tin hiéu s6 va MCD xur 1y két qua do thong qua bd giao dién MCD sau d6 tin
hiéu dugc dua vao may tinh dé xir Iy va luu két qua bang chuong trinh Gennie
2000 (Hinh 2.16).

Hinh 2.16. Phé neutron thu dugc trong thi nghiém do ngudn 2*'Am-Be sir

dung chuong trinh Gennie2000
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2.4.2. Bo tri thiét 1ap ciu hinh thue nghiém
Khi cac 6ng tru PE duoc ché tao thanh cong thi h¢ BCS dugc dua vao
phong chuén liéu neutron thudc Vién NCHN dé tién hanh do dac phé neutron

nham so sanh véi két qua moé phong. Thi nghiém duoc bé tri nhu Hinh 2.17.

PiudoHe | "
|

'i.. —

Hinh 2.17. B} tri thi nghiém st dung hé BCS do phd neutron cia ngudn
241 Am-Be

Hé BCS dugc dat trén mot gia dd co thé di chuyén dugc dé thay doi
khoang céch tir hé do dén ngudn. Gia d& cac éng PE chira dau do *He duoc dat
cach ngudn neutron 2*'Am-Be ¢ nhiing khoang cach 200, 150, 120, 100 va
65 cm va cach ngudn >>Cf & nhimng khoang cach 200, 100 va 60 cm. Ong dém
3He dugc cap cao thé 1200V, ghép ndi véi tién khuéch dai, tin hiéu tir tién
khuéch dai dugc khuéch dai sau d6 két ndi qua khdi Multiport va duge ghi nhan
lru vao may tinh bang chuong trinh Gennie2000. M&i phép do dugc thyuc hién
trong khoang thoi gian 600 s dbi véi ngudn 2*' Am-Be va 1000 s ddi v6i ngudn
252Cf @é dam bao sai s6 thong ké. Do cac ngudn neutron dong vi déu co phat
kém buc xa gamma, gdy nhiéu ¢ ving niang luong thap cua ph6 ghi nhan bai
6ng dém 3He, do d6 ngudng dudi ADC duoc cat dé han ché tin hiéu nhiéu, phé
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ning luwong neutron thu dugc ciia ngudn 22Cf tir thyc nghiém c6 dang nhu
Hinh 2.18. Tir c4c két qua do dac va tinh toan CPS (s6 dém xung/s) thuc nghiém
so sanh véi két qua CPS trong md phong PHITS.

400

350

300

250

T
100 300 500 700 900 1100 1300
Nang lugng (keV)

Hinh 2.18. Phd ning lugng neutron thu dugc ctia ngudn 52Cf tir thyc
nghiém (dung 16p PE day 10,225 cm cua hé BCS ¢ khoang cach 60 cm so
v6i ngudn)

O mdi khoang cach thyc hién 16 phép do: dau tién 1a do tran chi v6i éng
dém *He, rdi 1an luot léng cac 6ng PE vao nhau bao boc dau do dé tdng dan d6
day cua 16p lam cham. DPong thoi gia 45 hé phd ké ciing c6 thé diéu chinh thay
ddi duge do cao dam béao cho nguén luon truc dién véi tam cua 6ng dém *He.
Sau mdi bude lip thém dng PE sé& lam thay ddi vi tri ctia 6ng dém *He nén can
diéu chinh lai chiéu cao cta gia do, do do su dung thém thudc laser dinh vi

trong qua trinh do (Hinh 2.19) dé tang tinh chinh x4c cua cac phép do.

Hinh 2.19. Sir dung thuéc laser dinh vi ho trg diéu chinh vi tri hé Bonner
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2.5. MO PHONG MONTE CARLO HE NNS VOI NGUON BUC XA
NEUTRON (*Cf)

Dé kiém tra tinh kha dung va mtrc d6 phu hop cua céac tinh toan trong mo
phong xac dinh ham dap ung bang phuong phap MC, can tién hanh thyuc hién
so sanh két qua do s6 dém thuc ctia hé phd ké véi cac ngudn dong vi va két qua
md phong. Chuong trinh moé phong MC xéc dinh téc d6 dém cua hé BCS véi
ngudn birc xa neutron 252Cf duge thue hién v6i phan mém PHITS, st dung cac
dir liéu thong luong neutron theo hoat dd ctia ngudn 2°>Cf va cac thong so thiét
bi thuc nghiém khai bao trong phan input (Phu luc 2). Thuc hién mé phong
ngudn va hinh hoc hé do tuong tng véi thue nghiém, tinh toan su thay ddi tc
d6 dém cua dau do theo bé day cac 16p lam cham PE, khoang cach giita ngudn
252Cf va hé BCS duoc dung dé khao sat 1a 60 cm. Phé neutron trong tinh toan
mod phong c6 két qua nhu Hinh 2.20.

no.= 1, reg = 101 vol = 1.0000E+00 [cm?)

4 [T all
€ "~ L — proton
(@] [ = tri
O riton

— electron

0.0 0.2 04 0.6 0.8 1.0
Deposit Energy [MeV]

Hinh 2.20. Phd mé phong ning lugng hip thu cua éng dém *He dit trong
16p PE day 10,225 cm & khoang cach 60 cm so véi ngudn phat neutron
2520
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CHUONG 3. KET QUA VA THAO LUAN

3.1. MO HINH THIET KE VA KET QUA CHE TAO HE BONNER-
CYLINDER

Hé Bonner-Cylinder di dugc thiét ké bao gdm 15 dng tru rdng PE c6 thé
16ng khit vao nhau va bao boc éng dém *He. S6 luong dng va do day cua céac
16p PE da dugc tinh toan pht hop voi muc tiéu dai ning lugng can do va chi
phi san xuét tiét kiém nhat. Hé Bonner-Cylinder dat trén mot gia dd ¢ thé didu
chinh d6 cao nhim dam bao chim neutron ludén dén duogc tim cta éng dém 3He
trong qua trinh do dac (Hinh 3.1).

Hinh 3.1. Két qua thiét ké mé hinh céc dng tru PE va gia d& ctia hé phd ké

Bonner-Cylinder

Cac 16p chat 1am cham hinh try dugc 1am tir PE di duoc ché tao thanh
cong theo kich thudc thiét ké (Hinh 3.2) va dua vao tién hanh do dac thuc

nghiém theo diing muc tiéu ban dau dé ra. Hé Bonner-Cylinder c6 tong khoi
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luong 13 15,7 kg; d& dang thao lap, thuan tién trong qua trinh tién hanh ghi do

va di chuyén hé.

Hinh 3.2. 15 ng tru 1am cham neutron bang PE cta hé Bonner-Cylinder

da dugc ché tao

3.2. KET QUA XAC PINH HAM PAP UNG CUA HE PHO KE
BONNER-CYLINDER

Cac budc tinh toan md phong bang chuong trinh PHITS di duogc thuc
hién va thu dugc két qua s liéu cac ham dap tng cua hé Bonner-Cylinder duoc
mo ta trong Bang 3.2 va Hinh 3.3.

Bang 3.1. Bang két qua gié tri cac ham dap ung cua hé Bonner-Cylinder (tir
PEO dén PE15), don vi ham dap tmg 13 cm?

En PE 0 PE 1 PE 2 PE 3

(MeV) 0,000 cm 0,475 cm 0,975 cm 1,475 cm
1,00E-08 3,86E+01 1,67E+01 1,08 E+01 8,24E+00
1,59E-08 3,54E+01 1,82E+01 1,21E+01 9,25E+00
2,51E-08 3,19E+01 1,94E+01 1,34E+01 1,03E+01
3,98E-08 2,81E+01 2,05E+01 1,50E+01 1,17E+01
6,31E-08 2,43E+01 2,14E+01 1,70E+01 1,38E+01
1,00E-07 2,08E+01 2,17E+01 1,94E+01 1,65E+01
1,59E-07 1,75E+01 2,12E+01 2,10E+01 1,90E+01
2,51E-07 1,46E+01 2,03E+01 2,15E+01 2,02E+01
3,98E-07 1,20E+01 1,88E+01 2,17E+01 2,15E+01
6,31E-07 9,85E+00 1,73E+01 2,14E+01 2,21E+01
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1,00E-06 8,02E+00 1,56E+01 2,07E+01 2,24E+01
1,59E-06 6,50E+00 1,40E+01 1,99E+01 2,23E+01
2,51E-06 5,25E+00 1,26E+01 1,89E+01 2,20E+01
3,98E-06 4,23E+00 1,11E+01 1,78 E+01 2,15E+01
6,31E-06 3,38E+00 9,89E+00 1,69E+01 2,12E+01
1,00E-05 2,71E+00 8,68E+00 1,57E+01 2,03E+01
1,59E-05 2,15E+00 7,58E+00 1,45E+01 1,94E+01
2,51E-05 1,71E+00 6,60E+00 1,33E+01 1,85E+01
3,98E-05 1,36E+00 5,73E+00 1,22E+01 1,75E+01
6,31E-05 1,08 E+00 4,96E+00 1,12E+01 1,66E+01
1,00E-04 8,59E-01 4,28E+00 1,03E+01 1,57E+01
1,59E-04 6,78E-01 3,68 E+00 9,33E+00 1,48E+01
2,51E-04 5,38E-01 3,18E+00 8,50E+00 1,39E+01
3,98E-04 4,24E-01 2,73E+00 7,76E+00 1,31E+01
6,31E-04 3,35E-01 2,35E+00 7,07E+00 1,22E+01
1,00E-03 2,65E-01 2,00E+00 6,39E+00 1,15E+01
1,59E-03 2,08E-01 1,70E+00 5,80E+00 1,08E+01
2,51E-03 1,62E-01 1,45E+00 5,28 E+00 1,01E+01
3,98E-03 1,26E-01 1,24E+00 4,76E+00 9,44E+00
6,31E-03 9,86E-02 1,04E+00 4,31E+00 8,81E+00
1,00E-02 7,67E-02 8,79E-01 3,88E+00 8,22E+00
1,59E-02 5,73E-02 7,36E-01 3,45E+00 7,61E+00
2,51E-02 4,34E-02 6,06E-01 3,07E+00 7,05E+00
3,98E-02 3,34E-02 4,94E-01 2,70E+00 6,49E+00
6,31E-02 2,47E-02 3,98E-01 2,33E+00 5,91E+00
1,00E-01 1,79E-02 3,00E-01 1,97E+00 5,25E+00
1,59E-01 1,32E-02 2,18E-01 1,59E+00 4,55E+00
2,51E-01 1,08E-02 1,53E-01 1,24E+00 3,81E+00
3,98E-01 1,64E-02 1,05E-01 9,27E-01 3,04E+00
6,31E-01 2,01E-02 7,52E-02 6,50E-01 2,28E+00
1,00E+00 2,26E-02 5,52E-02 4 41E-01 1,64E+00
1,59E+00 2,51E-02 4,42E-02 2,87E-01 1,10E+00
2,51E+00 2,39E-02 3,55E-02 1,82E-01 7,05E-01
3,98E+00 2,07E-02 2,84E-02 1,11E-01 4,29E-01
6,31E+00 1,72E-02 2,26E-02 7,32E-02 2,75E-01
1,00E+01 1,40E-02 1,67E-02 4,15E-02 1,41E-01
1,59E+01 1,21E-02 1,44E-02 3,28E-02 1,04E-01
En PE 4 PE 5 PE 6 PE 7

(MeV) 1,975 cm 2,475 cm 2,975 cm 3,475 cm
1,00E-08 6,68E+00 5,51E+00 4,58E+00 3,81E+00
1,59E-08 7,48E+00 6,17E+00 5,14E+00 4,29E+00
2,51E-08 8,36E+00 6,91E+00 5,73E+00 4,76E+00
3,98E-08 9,54E+00 7,8TE+00 6,52E+00 5,43E+00
6,31E-08 1,13E+01 9,38E+00 7,79E+00 6,48E+00
1,00E-07 1,39E+01 1,17E+01 9,74E+00 8,13E+00
1,59E-07 1,66E+01 1,42E+01 1,20E+01 1,00E+01
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2,51E-07 1,80E+01 1,55E+01 1,32E+01 1,11E+01
3,98E-07 1,97E+01 1,74E+01 1,50E+01 1,28E+01
6,31E-07 2,09E+01 1,88E+01 1,64E+01 1,40E+01
1,00E-06 2,17E+01 1,99E+01 1,76E+01 1,51E+01
1,59E-06 2,22E+01 2,07E+01 1,84E+01 1,61E+01
2,51E-06 2,25E+01 2,14E+01 1,93E+01 1,69E+01
3,98E-06 2,26E+01 2,18E+01 1,99E+01 1,76E+01
6,31E-06 2,27E+01 2,22E+01 2,07E+01 1,85E+01
1,00E-05 2,23E+01 2,22E+01 2,09E+01 1,88E+01
1,59E-05 2,18E+01 2,21E+01 2,11E+01 1,92E+01
2,51E-05 2,12E+01 2,19E+01 2,11E+01 1,94E+01
3,98E-05 2,06E+01 2,16E+01 2,10E+01 1,96E+01
6,31E-05 1,99E+01 2,12E+01 2,09E+01 1,96E+01
1,00E-04 1,92E+01 2,08E+01 2,07E+01 1,96E+01
1,59E-04 1,84E+01 2,03E+01 2,05E+01 1,96E+01
2,51E-04 1,77E+01 1,98E+01 2,02E+01 1,95E+01
3,98E-04 1,70E+01 1,93E+01 1,99E+01 1,94E+01
6,31E-04 1,63E+01 1,87E+01 1,96E+01 1,93E+01
1,00E-03 1,56E+01 1,82E+01 1,92E+01 1,90E+01
1,59E-03 1,49E+01 1,76E+01 1,89E+01 1,89E+01
2,51E-03 1,42E+01 1,71E+01 1,85E+01 1,87E+01
3,98E-03 1,36E+01 1,65E+01 1,81E+01 1,84E+01
6,31E-03 1,30E+01 1,60E+01 1,77E+01 1,82E+01
1,00E-02 1,23E+01 1,55E+01 1,74E+01 1,80E+01
1,59E-02 1,17E+01 1,49E+01 1,69E+01 1,78E+01
2,51E-02 1,11E+01 1,45E+01 1,66E+01 1,76E+01
3,98E-02 1,05E+01 1,40E+01 1,63E+01 1,75E+01
6,31E-02 9,92E+00 1,34E+01 1,59E+01 1,74E+01
1,00E-01 9,18E+00 1,28E+01 1,56E+01 1,73E+01
1,59E-01 8,33E+00 1,20E+01 1,50E+01 1,71E+01
2,51E-01 7,35E+00 1,10E+01 1,43E+01 1,66E+01
3,98E-01 6,18E+00 9,70E+00 1,30E+01 1,57E+01
6,31E-01 4,97E+00 8,19E+00 1,14E+01 1,43E+01
1,00E+00 3,74E+00 6,47E+00 9,44E+00 1,23E+01
1,59E+00 2,65E+00 4 81E+00 7,32E+00 9,89E+00
2,51E+00 1,77E+00 3,35E+00 5,26E+00 7,36E+00
3,98E+00 1,13E+00 2,18E+00 3,58E+00 5,16E+00
6,31E+00 7,22E-01 1,45E+00 2,42E+00 3,57E+00
1,00E+01 3,65E-01 7,40E-01 1,28E+00 1,93E+00
1,59E+01 2,79E-01 5,51E-01 9,54E-01 1,46E+00
En PE 8 PE 9 PE10 PE11

(MeV) 3,975 cm 4,475 cm 5,225 cm 6,225 cm
1,00E-08 3,16E+00 2,63E+00 1,97E+00 1,34E+00
1,59E-08 3,56E+00 2,96E+00 2,23E+00 1,51E+00
2,51E-08 3,97E+00 3,29E+00 2,47E+00 1,67E+00
3,98E-08 4,51E+00 3,73E+00 2,81E+00 1,90E+00
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6,31E-08 5,38E+00 4,47E+00 3,35E+00 2,27E+00
1,00E-07 6,75E+00 5,57E+00 4,19E+00 2,82E+00
1,59E-07 8,39E+00 6,96E+00 5,20E+00 3,52E+00
2,51E-07 9,28E+00 7,69E+00 5,78 E+00 3,92E+00
3,98E-07 1,07E+01 8,90E+00 6,70E+00 4,54E+00
6,31E-07 1,18E+01 9,84E+00 7,43E+00 5,04E+00
1,00E-06 1,28 E+01 1,08E+01 8,15E+00 5,55E+00
1,59E-06 1,37E+01 1,15E+01 8,80E+00 5,98E+00
2,51E-06 1,45E+01 1,23E+01 9,40E+00 6,40E+00
3,98E-06 1,53E+01 1,30E+01 9,94E+00 6,81E+00
6,31E-06 1,61E+01 1,37E+01 1,06E+01 7,31E+00
1,00E-05 1,66E+01 1,42E+01 1,10E+01 7,65E+00
1,59E-05 1,70E+01 1,47E+01 1,14E+01 7,96E+00
2,51E-05 1,73E+01 1,50E+01 1,18E+01 8,25E+00
3,98E-05 1,76E+01 1,54E+01 1,22E+01 8,54E+00
6,31E-05 1,78E+01 1,57E+01 1,25E+01 8,80E+00
1,00E-04 1,79E+01 1,58E+01 1,27E+01 9,07E+00
1,59E-04 1,80E+01 1,61E+01 1,30E+01 9,30E+00
2,51E-04 1,81E+01 1,62E+01 1,32E+01 9,54E+00
3,98E-04 1,81E+01 1,64E+01 1,34E+01 9,79E+00
6,31E-04 1,81E+01 1,65E+01 1,36E+01 1,00E+01
1,00E-03 1,81E+01 1,65E+01 1,38E+01 1,02E+01
1,59E-03 1,80E+01 1,66E+01 1,40E+01 1,04E+01
2,51E-03 1,80E+01 1,66E+01 1,41E+01 1,06E+01
3,98E-03 1,79E+01 1,67E+01 1,43E+01 1,08E+01
6,31E-03 1,78E+01 1,68E+01 1,44E+01 1,11E+01
1,00E-02 1,78E+01 1,68E+01 1,46E+01 1,13E+01
1,59E-02 1,77E+01 1,69E+01 1,49E+01 1,16E+01
2,51E-02 1,77E+01 1,71E+01 1,51E+01 1,19E+01
3,98E-02 1,78E+01 1,73E+01 1,56E+01 1,24E+01
6,31E-02 1,79E+01 1,76E+01 1,61E+01 1,31E+01
1,00E-01 1,81E+01 1,80E+01 1,68E+01 1,40E+01
1,59E-01 1,82E+01 1,82E+01 1,76E+01 1,51E+01
2,51E-01 1,82E+01 1,88E+01 1,85E+01 1,65E+01
3,98E-01 1,77E+01 1,88E+01 1,93E+01 1,79E+01
6,31E-01 1,66E+01 1,82E+01 1,93E+01 1,90E+01
1,00E+00 1,48E+01 1,67E+01 1,86E+01 1,93E+01
1,59E+00 1,23E+01 1,44E+01 1,67E+01 1,83E+01
2,51E+00 9,43E+00 1,14E+01 1,38E+01 1,60E+01
3,98E+00 6,77E+00 8,39E+00 1,06E+01 1,28E+01
6,31E+00 4,83E+00 6,11E+00 7,94E+00 9,99E+00
1,00E+01 2,71E+00 3,51E+00 4,77E+00 6,37E+00
1,59E+01 2,02E+00 2,66E+00 3,60E+00 4,84E+00
En PE12 PE13 PE14 PE15
(MeV) 7,225 cm 8,225 cm 9,225 cm 10,225¢m
1,00E-08 9,03E-01 5,98E-01 3,98E-01 2,67E-01
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1,59E-08 1,01E+00 6,77E-01 4,49E-01 3,01E-01
2,51E-08 1,12E+00 7,51E-01 5,02E-01 3,32E-01
3,98E-08 1,29E+00 8,55E-01 5,66E-01 3,76E-01
6,31E-08 1,52E+00 1,02E+00 6,78E-01 4,41E-01
1,00E-07 1,90E+00 1,26E+00 8,34E-01 5,48E-01
1,59E-07 2,36E+00 1,57E+00 1,04E+00 6,91E-01
2,51E-07 2,62E+00 1,74E+00 1,15E+00 7,59E-01
3,98E-07 3,05E+00 2,02E+00 1,34E+00 8,74E-01
6,31E-07 3,38E+00 2,25E+00 1,49E+00 9,81E-01
1,00E-06 3,72E+00 2,47E+00 1,64E+00 1,07E+00
1,59E-06 4,02E+00 2,67E+00 1,76E+00 1,16E+00
2,51E-06 4,31E+00 2,87E+00 1,89E+00 1,25E+00
3,98E-06 4,59E+00 3,06E+00 2,01E+00 1,34E+00
6,31E-06 4,94E+00 3,29E+00 2,16E+00 1,43E+00
1,00E-05 5,17E+00 3,44E+00 2,28E+00 1,50E+00
1,59E-05 5,39E+00 3,60E+00 2,38E+00 1,57E+00
2,51E-05 5,62E+00 3,75E+00 2,49E+00 1,65E+00
3,98E-05 5,82E+00 3,92E+00 2,59E+00 1,71E+00
6,31E-05 6,05E+00 4,05E+00 2,69E+00 1,77E+00
1,00E-04 6,23E+00 4,19E+00 2, 79E+00 1,84E+00
1,59E-04 6,45E+00 4,34E+00 2,90E+00 1,91E+00
2,51E-04 6,63E+00 4,50E+00 3,00E+00 1,98E+00
3,98E-04 6,8 1E+00 4,62E+00 3,08E+00 2,05E+00
6,31E-04 6,99E+00 4,79E+00 3,19E+00 2,10E+00
1,00E-03 7,21E+00 4,93E+00 3,31E+00 2,18E+00
1,59E-03 7,37E+00 5,05E+00 3,41E+00 2,27E+00
2,51E-03 7,57E+00 5,21E+00 3,52E+00 2,34E+00
3,98E-03 7,76E+00 5,37E+00 3,62E+00 2,41E+00
6,31E-03 8,00E+00 5,54E+00 3,78E+00 2,52E+00
1,00E-02 8,21E+00 5,73E+00 3,89E+00 2,60E+00
1,59E-02 8,50E+00 5,96E+00 4,09E+00 2,74E+00
2,51E-02 8,83E+00 6,26E+00 4,31E+00 2,91E+00
3,98E-02 9,31E+00 6,65E+00 4,61E+00 3,12E+00
6,31E-02 9,95E+00 7,22E+00 5,05E+00 3,44E+00
1,00E-01 1,08E+01 7,96E+00 5,65E+00 3,89E+00
1,59E-01 1,20E+01 9,05E+00 6,59E+00 4,62E+00
2,51E-01 1,35E+01 1,05E+01 7,85E+00 5,67E+00
3,98E-01 1,54E+01 1,25E+01 9,70E+00 7,27E+00
6,31E-01 1,72E+01 1,47E+01 1,20E+01 9,42E+00
1,00E+00 1,84E+01 1,66E+01 1,43E+01 1,19E+01
1,59E+00 1,86E+01 1,86E+01 1,61E+01 1,43E+01
2,51E+00 1,70E+01 1,70E+01 1,64E+01 1,53E+01
3,98E+00 1,43E+01 1,49E+01 1,49E+01 1,44E+01
6,31E+00 1,15E+01 1,24E+01 1,29E+01 1,30E+01
1,00E+01 7,72E+00 8,81E+00 9,65E+00 1,02E+01
1,59E+01 5,96E+00 6,90E+00 7,60E+00 8,13E+00
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40 PE Ocm ~— PE 0.475cm —— PE 0.975cm PE 1.475cm
- « =PE 1.975cm ——— PE 2.475cm —— PE 2.975cm PE 3.475cm
35 PE 3.975cm  ====- PE 4.475cm — — PE 5.225cm PE 6.225cm
= PE 7.225cm PE 8.225cm PE 9.225cm PE 10.225cm
30
525
(o))
c
320
Q.
‘©
o
E 15
«©
T
10
5
1.00E-08 2.00E-07 4.00E-06 8.00E-05 1.60E-03 3.20E-02 6.40E-01 1.28E+01
Nang lvong (MeV)

Hinh 3.3. Két qua so liéu cac ham dap tng cua hé Bonner-Cylinder (tir
PEO dén PE10) duogc x4c dinh bang mé phong PHITS

Cac phép tinh toan ham dap tmg cho két qua tét, phu hop véi ky vong.
Ham dép tng nay da duoc dua vao st dung trong giai cudn xac dinh pho thong
luong neutron ciia cac ngudn 2*' Am-Be va 252Cf va danh gia truong lidu buc xa

cua cac ngudn neutron nay tai Vién NCHN.

3.3. KET QUA PO THUC NGHIEM VA SO SANH VOI MO PHONG

Dé kiém chtng vé do tin ciy ctia chuong trinh PHITS mé phong cac ham
dép Gmg va cac mo hinh thuc nghiém d3 ché tao va thiét 1ap, viéc so sanh sb
liéu tbc @6 dém (CPS) bang thuc nghiém dbi véi ngudn 252Cf tai khoang cach
60 cm so véi két qua tinh toan moé phong twong ing bang chuong trinh PHITS
da duoc thuc hién va mo ta trong cac Bang 3.2 va Hinh 3.4.



Bang 3.2. Két qua so sanh s6 liu toc do dém méd phong va thuc nghiém &
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khoang cach 60 cm doi v6i nguon 22Cf

CPSmb | CPS thye | M 50
STT Be day phong | nghiém thlﬁtc
PE (cm) nghiém

(n/s) (n/s) ws)
PE 0 0 219 188 14
PE1 | 0475 186 170 12
PE2 | 00975 181 179 13
PE3 | 1475 198 199 14
PE4 | 1975 244 238 17
PE5 | 2475 316 297 21
PE6 | 20975 397 364 26
PE7 | 3,475 479 446 32
PE8 | 3975 560 515 37
PE9 | 4,475 630 602 43
PE10 | 5225 706 709 51
PE11| 6,225 754 751 54
PE12| 7225 754 735 52
PE 13| 8225 713 671 48
PE 14 | 9225 655 627 45
PE 15| 10,225 586 527 38




69

CPS (thyc nghiém)

—@— CPS (m0 phéng)

900
800

700

[~
b

500

400

Téc d6 dém (n/s)

300

200 &

100

0 2 4 6
b¢ day PE (cm)

10

Hinh 3.4. 6 thi so sanh toc do dém mo phong va thuc nghiém & khoang

cach 60 cm tir ngudn 252Cf dén hé do

Tir s6 lidu so sanh tdc d6 dém neutron mo phong va thuc nghiém trong
Bang 3.2 va d6 thi Hinh 3.4 cho thay két qua s6 dém xung/thdi gian (CPS) do
thue nghiém ngudn 252Cf x4c dinh tir hé quang phd Bonner-Cylinder hoan toan
phut hop voi két qua sd liéu tir mo phong bang chuong trinh PHITS. Nhu vay,
cac két qua thiét ké, ché tao cac 16p chit 1am cham c6 dang hinh hoc Bonner-
Cylinder, s6 liéu tinh toAn m6 phong ham dap tmg st dung chuong trinh PHITS
trong luan vin nay 1a pht hop va c6 d6 chinh xac tot va c6 thé dwa vao ap dung
trong thuc tién. Luan van di gop phﬁn thiét 1ap dugc mot hé do moi phuc vu
cong tac ghi do pho ning luong neutron va danh gia lidu neutron dbi véi cac

nguon phong xa neutron dong vi tai Vién NCHN va cac co sé buc xa khac co

st dung ngudn neutron.
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KET LUAN VA KIEN NGHI
KET LUAN

Trong qua trinh thyc hién va hoan thanh ludn van, hoc vién da thu duogc
mot s6 két qua nhu sau:

1. Vé Iy thuyét:

D3 tim hiéu va nghién ctru tong quan 1y thuyét vé cac dic trung co ban
ciia btrc xa neutron; giéi thiéu tong quan vé dic trung cua cac loai ngudn
neutron; trinh bay co s& 1y thuyét vé cac tuong tac clia neutron véi vat chat lam
co s6 cho cac phuong phap ghi do phd ning luong neutron. Luan vin nghién
ctru vé phuong phap xac dinh phd nang lugng neutron bang k¥ thuat 1am cham
neutron; phuong phap mé phong Monte Carlo dung dé xac dinh ham déap tng
ctia hé phd ké Bonner-Cylinder da thiét ké ché tao; tong quan vé cau tao hé phd
ké da kénh st dung 6ng dém *He. Trén day 13 cac van dé da dugc tim hiéu va
tong quan trong luan vin, co y nghia lam nén tang vé Iy thuyét va phuong phap
hiru ich phuc vu cho toan bd qua trinh thuc hién thanh cong muc ti€u va cac noi
dung nghién ctru da dat ra cia dé tai.

2. Vé thuc nghiém:

Dé tai nghién ctru da thanh cong trong tinh toan thiét ké va ché tao cac
16p chét lam cham neutron c6 dang hinh tru bang vit liéu polyethylene dé thiét
1ap mot hé phd ké do phd neutron bang phuong phap 1am chiam neutron loai
Bonner-Cylinder sir dung 6ng dém chira khi *He. Hé pho ké méi thiét 1ap da
duoc ap dung thuc té ghi do phd neutron tir cac ngudn chuan neutron dong vi
241 Am-Be va 2>Cf. Ham dap tng cua hé phd ké d3 duoc xac dinh thong qua
tinh toan mo phong Monte Carlo bang chwong trinh PHITS. Su phu hop cua
ham dap tmg dugc kiém ching bang cach so sanh téc d6 dém md phong va
thuc nghiém ddi v4i ngudn chuan neutron 2*2Cf.

Pay 14 hé pho ké Bonner-Cylinder dau tién dugc ché tao tai Vién Nghién
ctru hat nhan (Pa Lat) nén Luan viin c6 y nghia thyc tién cao trong cong tac ghi
do neutron phuc vu cho cong tac nghién ctru, dao tao tai don vi Vién Nghién
ctru hat nhan va cic co s lién quan khac. Hé do di san sang cho viéc tmg dung

vao chuan hoa cac thiét bi ghi do neutron, dinh liéu neutron.
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KIEN NGHI

Hé phd ké Bonner-Cylinder di nghién ctu thiét 1ap trong ludn van nay
c6 dai do ning luong neutron dap Gmg duoc 1a tir 10° MeV dén 13 MeV. Bé
mé rong kha ning ghi do neutron ning luong cao dén 20 MeV hoic hon thi can
¢4 nghién ctru thiét ké thém céc 16p lam chim c6 dudng kinh 16n hon va ciing

can thiét tinh toAn mo phong thém cac ham dap tng tuwong Gmg.
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PHU LUC 1. FILE INPUT MO PHONG HE PHO KE BONNER
CYLINDER VA XAC PINH PAP UNG CUA HE PHO KE

SOMP = 3
[Title]
BONNER CYLINDER SPECTROMETER

[Parameters|

icntl = 0 # (D=0) 3:ECH 5:NOR 6:SRC 7,8:GSH 11:DSH
12:.DUMP

maxcas = 1000000  # (D=10) number of particles per one batch

maxbch = 100  # (D=10) number of batches

negs = 1 # (D=0) =1 EGS photon and electron

e-mode = 1 # (D=0) 0: Normal, 1: Event generator mode

citall = 1 #(D=0) O:no tally at batch, 1:same, 2:different

file(1) = c:/phits # (D=c:/phits) PHITS install folder name
file(6) = phits.out  # (D=phits.out) general output file name

set: ¢1[10.225] $ polyethylene thickness //NHAP THEO SO LIEU
TRONG FILE EXCEL/////111

set: c2[6.31E-4] $ incident neutron energy ///NHAP THEO SO
LIEU TRONG FILE EXCEL/////]

[Source]

s-type = 1 # mono-energetic axial source
proj = neutron # kind of incident particle
dir= 1.0 # z-direction of beam [cosine]
0= 35.0 # radius [cm]
z0= -40. # minimum position of z-axis [cm]
zl = -40. # maximum position of z-axis [cm]

e0= c2 # energy of beam [MeV/u]



[Material]

mat[1] C2 H4

mtl

mat[2] He-3 1.0
mat[3] 7014

poly.20t

8016
6000
1001
18000

0.242585

0.000122

0.001842
0.012616

mat[4] 26054  0.045442

26056
26057
24050
24052
24053
24054
14000

0.718611
0.017237
0.008659
0.166984
0.018935
0.004713
0.019482

[Surface]

10
11
12
13
14
15
16
17
18

cX
px
px
px
px
cX
cX
px
px

1.27
-12.05
12.05
-10.16
10.16
1.32
1.32+cl
-12.1
12.1

$ Polyethylene

$ He-3 counter

0.742835 § Air

$ Steel

$ PE thicknesss



19 px  -12.1-cl
20 px 12.1+cl
21 so 100.0

[Cell]

100 -1 21

101 2-0.0004977 -1013 -14
102 2-0.0004977 -1011-13
103 2-0.0004977 -10 14 -12
C

201 4-8.000 -151011-12
202 4-8.000 -1517-11
203 4-8.000 -1512-18

301  1-0.95 -16 1517 -18
302 1-0.95 -16 19 -17
303 1-0.95 -16 18-20

400 3 2.445847e-5 -21 #101 #102 #103 #201 #202 #203
#301 #302 #303

[T-Track]
mesh = xyz # mesh type is Xyz scoring mesh
x-type = 2 # x-mesh is linear given by xmin, xmax and nx
nx = 100 # number of x-mesh points
xmin = -60.0 # minimum value of x-mesh points
xmax = 60.0 # maximum value of x-mesh points

y-type = 1 # y-mesh is given by the below data



ny= 1
-1.50 1.50
z-type= 2
nz= 100
zmin = -200.0
zmax = 50.
part = all
e-type= 1
ne= 1
0.0 100.0
unit = 1
axis = Xz

4

# number of y-mesh points

# z-mesh is linear given by zmin, zmax and nz
# number of z-mesh points
# minimum value of z-mesh points

# maximum value of z-mesh points

# e-mesh is given by the below data

# number of e-mesh points

# unit is [ 1/cm”2/source]

# axis of output

file = track_xz.out # file name of output for the above axis

title = Track Detection using [T-track] tally

gshow = 3

epsout= 1

¢ factor = 6.50E11

[ T - 3Dshow ]
output= 3
x0= 0.
y0= 0.
z0= 0.
e-the = 130.
e-phi = 45.
e-dst = 300.
l-the = 150.

l-phi= 30.

# 0: no 1:bnd, 2:bnd+mat, 3:bnd+reg 4:bnd+lat
# (D=0) generate eps file by ANGEL

# (D=3) 0:draft, 1:line, 2:col, 3:line+col

# (D=0.0) x-coordinate of the origin

# (D=0.0) y-coordinate of the origin

# (D=0.0) z-coordinate of the origin
# (D=80.0) eye point theta(degree) from z-axis
# (D=140.0) eye point phi(degree) from x-axis
# (D=w-dst*10) eye point distance from origin
# (D=e-the) light point theta from z-axis

# (D=e-phi) light point phi from x-axis



l-dst = 100. # (D=e-dst) light point distance from origin
w-wdt = 50. # (D=100) width of window (cm)

w-hgt = 50. # (D=100) hight of window (cm)
w-dst=30. # (D=200) window distance from origin
heaven = x # (D=y) direction to heaven

line= 1 # (D=0) O:surface+mat, 1:+region
shadow = 2 # (D=0) 0:no, 1:shadow

resol= 2 # (D=1) resolution of 3dshow

file = 3dshow.out  # file name of output
title = Check geometry using [T-3dshow] tally
epsout= 1 # (D=0) generate eps file by ANGEL

[ T-Deposit |

title = Energy Deposition for each cell

mesh = reg # mesh type is region-wise
reg =101
unit= 3 # unit is [ 1/source] : only for output=deposit
letmat= 0 # (D=0) material id for LET, 0: real material
dedxfnc= 0 # (D=0) user defined multiplier, O(no), 1, 2
material = all # (D=all) number of specific material

output = deposit # deposit enerygy distribution

e-type= 2 # e-mesh is linear given by emin, emax and ne
emin = 0.2000 # minimum value of e-mesh points
emax = 1.2000 # maximum value of e-mesh points
ne = 100 # number of e-mesh points
axis = eng # axis of output

file = deposit.out  # file name of output for the above axis

part = all proton triton electron



y-txt = Response [cm”2]

epsout= 1 # (D=0) generate eps file by ANGEL
dresol = 0.002 # (D=0) width = sqrt(dresol**2 + dfano*E)
dfano = 0.0005 # (D=0) width = sqrt(dresol**2 + dfano*E)

angel = xlin ylin

factor = 35*35%*pi1

[End]
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PHU LUC 2. FILE INPUT MO PHONG TiNH TOAN TOC PQ PEM
CUA HE PHO KE BONNER-CYLINDER VOI NGUON NEUTRON 232Cf

SOMP =3
[Title]
BONNER CYLINDER SPECTROMETER

[Parameters|

icntl = 0 #(D=0)3:ECH5:NOR 6:SRC 7,8:GSH 11:DSH 12:DUMP
maxcas = 10000  # (D=10) number of particles per one batch

maxbch = 5000 # (D=10) number of batches

negs = 1 # (D=0) =1 EGS photon and electron

e-mode = 1 # (D=0) 0: Normal, 1: Event generator mode

citall = 1 #(D=0) 0:no tally at batch, 1:same, 2:different

file(1) = c:/phits # (D=c:/phits) PHITS install folder name
file(6) = phits.out  # (D=phits.out) general output file name

set: ¢1[10.225] $ polyethylene thickness ////NHAP THEO SO LIEU
TRONG FILE EXCEL/////11/

[Source]

s-type = 4 # cylindrical source
proj = neutron # kind of incident particle
dir= 1.0 # z-direction of beam [cosine]
0= 35.0 # radius [cm]
z0 = -40. # minimum position of z-axis [cm]
zl = -40. # maximum position of z-axis [cm]
e-type = 21 # energy distribution given by data
ne = 48 # number of energy and dN/dE n/cm2/s/MeV

1.0000E-09 0.000000E+00
7.9430E-09 5.461588E+07
1.2590E-08 5.432065E+07
1.9950E-08 5.222793E+07
3.1620E-08 5.290270E+07
5.0120E-08 4.873806E+07
7.9440E-08 3.353422E+07
1.2590E-07 1.559783E+07
1.9950E-07 8.251928E+06



3.1620E-07
5.0120E-07
7.9440E-07
1.2590E-06
1.9950E-06
3.1620E-06
5.0120E-06
7.9440E-06
1.2590E-05
1.9950E-05
3.1620E-05
5.0120E-05
7.9440E-05
1.2590E-04
1.9950E-04
3.1620E-04
5.0120E-04
7.9440E-04
1.2590E-03
1.9950E-03
3.1620E-03
5.0120E-03
7.9440E-03
1.2590E-02
1.9950E-02
3.1620E-02
5.0120E-02
7.9440E-02
1.2590E-01
1.9950E-01
3.1620E-01
5.0120E-01
7.9440E-01
1.2590E+00
1.9950E+00

3.075135E+06
1.162347E+06
4.504950E+05
1.809783E+05
6.803770E+04
2.711892E+04
1.171555E+04
5.122686E+03
2.226902E+03
1.056555E+03
5.205405E+02
2.750341E+02
1.463840E+02
8.017663E+01
4.489289E+01
2.710811E+01
1.623465E+01
1.061343E+01
6.895380E+00
4.446444E+00
3.211351E+00
2.299113E+00
1.594490E+00
1.324728E+00
9.640103E-01

8.583784E-01

8.516371E-01

9.134740E-01

1.199864E+00
1.936590E+00
3.784324E+00
9.764666E+00
1.869565E+01

1.527174E+01

9.031705E+00



3.1620E+00 2.740541E+00
5.0120E+00 3.775580E-01
7.9440E+00 1.092768E-02
1.2590E+01 2.421196E-04
1.9950E+01

[Material]

mat[1] C2 H4

mtl

mat[2] He-3 1.0

$ Polyethylene

poly.20t

$ He-3 counter

mat[3] 7014  0.742835 $ Air

8016
6000
1001
18000

0.242585

0.000122

0.001842
0.012616

mat[4] 26054  0.045442 $ Steel

26056
26057
24050
24052
24053
24054
14000

0.718611
0.017237
0.008659
0.166984
0.018935
0.004713
0.019482

[Surface]

10
11
12
13
14
15
16
17
18
19

cX
px
pX
pX
px
cX
cX
px
px
pX

1.27

-12.05

12.05

-10.16

10.16

1.32

1.32+cl $ PE thicknesss
-12.1

12.1

-12.1-cl
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20 px 12.1+cl
21 so 100.0

[Cell]

100 -1 21

101 2-0.0004998 -1013 -14

102 2-0.0004998 -1011-13

103 2-0.0004998 -10 14 -12

C

201 4-8.000 -151011-12

202 4-8.000 -1517-11

203 4-8.000 -1512-18

C

301 1-095  -161517-18

302 1-095  -16 19-17

303 1-095  -16 18-20

C

400 3 2.445847e-5 -21 #101 #102 #103 #201 #202 #203
#301 #302 #303

[T-Track]
mesh = xyz # mesh type is Xyz scoring mesh
x-type = 2 # x-mesh is linear given by xmin, xmax and nx
nx = 100 # number of x-mesh points
xmin = -60.0 # minimum value of x-mesh points
xmax = 60.0 # maximum value of x-mesh points
y-type= 1 # y-mesh is given by the below data
ny= 1 # number of y-mesh points
-1.50 1.50
z-type= 2 # z-mesh is linear given by zmin, zmax and nz
nz= 100 # number of z-mesh points
zmin = -200.0 # minimum value of z-mesh points
zmax = 50. # maximum value of z-mesh points
part = all

e-type= 1 # e-mesh is given by the below data



ne= 1

0.0 100.0
unit= 1
axis = Xz
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# number of e-mesh points

# unit is [ 1/cm”2/source]
# axis of output

file = track_xz.out # file name of output for the above axis

title = Track Detection using [T-track] tally

gshow = 3
epsout= 1
c factor=6.50E11

[ T - 3Dshow ]
output= 3
x0= 0.
y0 = 0.
z0= 0.
e-the = 130.
e-phi = 45.
e-dst = 300.
I-the = 150.
I-phi = 30.
1-dst = 100.
w-wdt = 50.
w-hgt = 50.
w-dst = 30.
heaven = x
line= 1
shadow = 2
resol= 2

# 0: no 1:bnd, 2:bnd+mat, 3:bnd+reg 4:bnd+lat
# (D=0) generate eps file by ANGEL

# (D=3) 0:draft, 1:line, 2:col, 3:line+col
# (D=0.0) x-coordinate of the origin
# (D=0.0) y-coordinate of the origin
# (D=0.0) z-coordinate of the origin
# (D=80.0) eye point theta(degree) from z-axis
# (D=140.0) eye point phi(degree) from x-axis
# (D=w-dst*10) eye point distance from origin
# (D=e-the) light point theta from z-axis
# (D=e-phi) light point phi from x-axis
# (D=e-dst) light point distance from origin
# (D=100) width of window (cm)
# (D=100) hight of window (cm)
# (D=200) window distance from origin
# (D=y) direction to heaven
# (D=0) O:surface+mat, 1:+region
# (D=0) 0:no, 1:shadow
# (D=1) resolution of 3dshow

file = 3dshow.out  # file name of output
title = Check geometry using [T-3dshow] tally

epsout= 1

[ T-Deposit ]

# (D=0) generate eps file by ANGEL

title = Energy Deposition for each cell

mesh = reg

# mesh type is region-wise
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reg =101
unit= 3 # unit is [1/source] : only for output=deposit
letmat= 0 # (D=0) material id for LET, 0: real material
dedxfnc= 0 # (D=0) user defined multiplier, 0(no), 1, 2
material = all # (D=all) number of specific material
output = deposit # deposit enerygy distribution
e-type= 2 # e-mesh is linear given by emin, emax and ne
emin = 0.0 # minimum value of e-mesh points
emax = 1.0000 # maximum value of e-mesh points
ne = 500 # number of e-mesh points
axis = eng # axis of output

file = deposit.out  # file name of output for the above axis
part = all proton triton electron

y-txt = Count

epsout= 1 # (D=0) generate eps file by ANGEL

dresol = 0.002 # (D=0) width = sqrt(dresol**2 + dfano*E)
dfano = 0.0005 # (D=0) width = sqrt(dresol**2 + dfano*E)

angel = xlin ylin
factor = 4.9566E+01*35*35%pi

[End]



