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LOI CAM ON

Trong qua trinh thuc hién khéa luan, em da nhan duoc su giap do to lon tur
c4c thay cd, ban bé va gia dinh. Em xin gti 161 cam on chan thanh va sau sic dén
TS. Trinh Thi Ta Anh, nguoi da tan tinh hudng dan va giGp em hoan thanh khoa
luan nay.

Em xin cam on hoi ddng cham khoéa luan da danh thoi gian dé doc, phat hién
sai s6t va c6 nhitng gop y quy gié gitp khoa luan hoan thanh tét hon.

Em xin cam on céc thay cd trong khoa K§ Thuat Hat Nhan d3 tan tinh day d
va truyén dat kién thirc cho em trong sudt thoi gian hoc tap tai trudng Pai hoc Da
Lat.

Con cam on Ba, Me va Chi da luén bén canh, cham soc va dong vién con.

Lam Dong, thang 12 nam 2016

MAI NGUYEN TRONG NHAN



LOI CAM DOAN

Em xin cam doan s liéu va két qua nghién ciru trong khéa luan nay 1a trung
thuc va do chinh em tinh toan. Cac thong tin trich dan trong khoa luan da duoc chi
rd nguon gbc rd rang va duoc phép cong bé.

Sinh vién thuc hién

Mai Nguyén Trong Nhan
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MO PAU

Trong cac nghién ciru va tng dung lién quan dén neutron, viéc xac dinh phd
neutron 1a hét strc can thiét vi tiy theo cac muc ning lwong khéc nhau, neutron sé
tuong tac v4i vat chat theo cac phan ung khac nhau. C6 nhiéu loai detector dung dé
do neutron nhu detector chua khi, detector nhap nhay. Tuy nhién, c4c detector nay
chi nhay véi cac neutron c6 ning lwong nhat dinh. Khi neutron c¢6 nang lwong 16n,
kha nang ghi nhan cua cic detector ndy giam di vi tiét dién phan Gng véi neutron
giam. Pho ké Bonner Sphere (BSS) gilp giai quyét van dé nay. Pho ké BSS duoc
phét trién boi Bramblett, Ewing va Bonner vao nhitng nam 1960 tai dai hoc Rice
(Texas, M¥). Bang cach st dung c4c hé 1am cham neutron c6 kich thudc khac nhau
boc ngoai detector do neutron, phd ké Bonner Sphere c6 thé do cac neutron c6 ning
lwgng trai dai tir c& eV dén vai MeV.

Péi voi chum neutron duoc ding trong xa tri tia X, nang luong neutron cé
thé dat 25MeV. Neutron tao thanh tir cic may gia toc proton niang lugng cao cO
ning luwong trai dai trén mot khoang rong, gia tri cuc dai co thé dat dén 80 hoic
tham chi 250 MeV. Dé ghi nhan cic neutron c6 ning luong trén chuc MeV, pho ké
Bonner Sphere Extended (BSE) duoc st dung. Pay 1a phién ban duoc cai tién tir
pho ké Bonner Sphere. BSE duoc nghién ciru dau tién tai vién ky thuat va khoa hoc
qudc gia Physikalisch-Technische Bundesanstalt (Puc). (Bonner Sphere: Wikipedia
online encyclopedia016, p.1)

Cac loai pho ké nay chu yéu duogc ding dé dém sé neutron va thong tin vé
ning luong cta neutron khong duoc xac dinh. Pé xac dinh duoc phd neutron, cac
phd ké c6 kich thudc chat 1am cham khac nhau duoc st dung. Trong cung mét thoi
gian do ty, cac pho ké kich thudc khac nhau s& cho s6 dém khac nhau. Bang céch
tong hop cac so dém nay va ham dap @ng cua tirng pho ké, thong sé pho neutron s&
dugc xac dinh bang phuong phap giai cuon (unfolding). Tuy nhién, gia tri ham dap
tng cua phd ké chu yéu phu vuc cho viéc tinh toan cha chwa phan anh duoc kha
ning ghi nhan neutron. Do dé, viéc xac dinh hiéu suat ghi 1 hét sirc can thiét.

Hon nita, BSS va BSE duoc sir dung trong nhiéu cong trinh khoa hoc va c6
thé duoc tham khao trong nghién cttu caa Mazrou va ctg. (2010), Burgett (2008) va
Vylet (2002). Tuy nhién, cau hinh caa cac pho ké trong ting nghién ciru 1a hoi khéac
nhau. Ddi véi phd ké BSS, gdc hop bai truc detector va hudéng téi cia chim neutron
trong tirng nghién ciru c6 thé bang 0° hoac 90°. Trong nghién cuu cua Burgett, BSE



dung detector Lil(Eu) va Iép kim loai day 1 in dugc lam bang déng, chi hoic
vonfram. Céc BSE sir dung tai Trung tam May gia téc tuyén tinh (SLAC)- Stanford,
mat khac, st dung detector ®He va 16p kim loai chi lam bing chi day 1cm (Vylet
2002). Gié trj cua bé day I6p kim loai dd duoc lya chon bai mdi tac gia ma khong
¢6 15 giai thich hop Iy nao.

Do d6, khoa luan nay duoc dit ra nham xac dinh hiéu suat ghi cua phd ké do
neutron Bonner Sphere va Bonner Sphere Extended. M6t vai yéu té c6 thé tac dong
dén hiéu suat ghi ciing dugc nghién ciru trong khoa luan nay, bao gom anh huong
huéng téi cia chiim neutron (d6i véi BSS) va anh huong caa thanh phan dong vi va
bé day 16p kim loai (d6i v&i BSE).

Tai Viét Nam, BSS va BSE chua pho bién va qué trinh do dac thuc nghiém
s& gap nhiéu kho khin. Do d6, phan mém mé phong Monte Carlo dugc sir dung.
Phuong phap Monte Carlo hay con goi l1a phuong phéap thir théng ké duge dinh
nghia nhu 13 phuong phép tinh bang cach biéu dién nghiém cua bai toan duéi dang
c4c tham sé cua mot dam dong 1y thuyét va sir dung ddy sé ngau nhién dé xay dung
mau dam dong ma tir d6 ta thu duoc wdc luong théng ké caa cac tham sd. Néi cach
khac, phuong phap Monte Carlo cung cap nhitng 1oi giai gan dung cho cac bai toan
bang cach thuc hién cac thi nghiém ldy mau thdng ké sir dung sé ngau nhién. Monte
Carlo 1a c6ng cu hd trg rit manh trong linh vuc hat nhan. Tuy nhién, dé dat duoc két
qua c6 do tin cay cao, s lan 1dy mau ngau nhién phai da lon (chang han vai trim
ngan lan). Do d6, mé phong MCNP dugc thuc hién véi su trg gilp ciaa may tinh.
Phan mém MCNP gitip nguoi ding mé phong céc thi nghiém, céc hé do voi do
chinh xé&c cao ma khdng can tién hanh do dac thyc nghiém. Hon nita, md phong trén
may tinh 1a mot chuyén nganh dang thu hat duoc nhiéu sy quan tam.



CHUONG 1: PHAN TONG QUAN

1.1 Téng quan vé cac phwong phap, hé do neutron:

Sy twong tac cua neutron vai vat chat cha yéu 1a twong tac véi hat nhan
nguyén tir. Khi neutron va cham véi hat nhan thuong xay ra cac qua trinh tan xa dan
hoi, tan xa khéng dan hoi va phan ang hat nhan. Tat ca cac neutron khi sinh ra déu
la neutron nhanh. Céc neutron nhanh mét ning lwong khi va cham dan héi véi céc
hat nhan méi trudng tré thanh neutron nhiét hoic trén nhiét va cudi cung bi hap thu
trong moi trueong. Neutron la hat khong mang dién nén viéc ghi nhan neutron duoc
thuc hién gian tiép dua trén cac phan ¢ng hat nhan giira neutron véi vat liéu
detector. C&c san pham tao thanh chang han nhu ion, tia gamma s& duoc detector
ghi nhan.

1.1.1 Phan tng hap thu neutron (n, hat tich dién)

Cac vat liéu co tiét dién hap thu neutron cao dwogc sir dung, bao géom helium-
3, lithium-6, boron-10, va uranium-235. Khi hap thu neutron, phan @ng hat nhan
Xay ra va tao ra cac hat mang dién, cac hat mang dién nay c6 kha nang gay ion hoa
truc tiép va dugc hé do ghi nhan.

1.1.2 Phén g kich hoat neutron

Cac hat nhan hap thu neutron va tré thanh cac hat nhan phong xa, cac hat san
phdm nay phét ra cac tia beta hoic gamma. Thong lwgng neutron s& duoc tinh tir
hoat d6 cua cac hat nhan san pham. C4c hat nhan bia thuong dwoc dung 1a cac hat
nhan cd tiét dién tuong tac voi neutron lén, dic biét 14 véi chim neutron c6 dai
nang luong hep. Mot s vat liéu thuong dwoc su dung: indium, vang, rhodium,

sat, niobium.
Gia sur bia X duoc kich hoat bang chum neutron c6 thong luong 7 £ S6 hat

nhan duoc tao thanh tir phan ang hap thu neutron duogc tinh (eg. Pham 2016, slide
18):

2 - e‘ Ity
Ny =N(X) S % o &)
¢
Vi



No(X): Sb hat nhan c6 trong bia luc ban dau.
Nsp $6 hat dugc tao thanh do phan &ng kich hoat neutron.
s¢ latiét dién bat neutron phu thudc theo ning lwong cua hat nhan A
/ 12 hiang sb phan ra cua hat nhan san pham
t;, 12 thoi gian chiéu neutron.
ty la thoi gian ra
S6 dém ma detector do gamma ghi nhan dugc khi do mau dd dugc kich hoat
bang:
C=Ny(X) 3¢ ¥ (Jj(_/)l) e’ 1 ¥y e (2)

Trong d6:  tyla thoi gian do
R4 hiéu suit ghi cua detector
r 1a ti s6 phan nhanh phat gamma

Thong lugng neutron ¢ nang luong E duoc tinh

fo= C
E_ '/tirr
NOOTse T70) & @ eb) e )

1.1.3 Phan Ung tan xa neutron (proton giat lui)

Cac neutron ning luong cao thudng dugc ghi nhan bing phuong phép nay.
Neutron va cham véi hat nhan nguyén tir trong detector va truyén mot phan dong

nang cho hat nhan nay.
Sau va cham, ning luong ciia hat nhan giat I0i bang (Lamarsh & Baratta)
E,=aE, cos’ g (4)
————, Alas6 khéi hat nhan giat IUi. E, 1a nng lugng neutron. —
(A+1)
la goc tan xa so véi phuong bay cua neutron trong toa do phong thi nghiém.

Véi a =

Ning lwong truyén cho hat nhan trong mdi lan va cham cang Ion khi hat
nhan c6 khdi luong xap xi khéi lugng neutron, do d6 cac vat lidu chia hydro

thuong duge ding trong phuong phap nay. Néu hat nhan giat Iui 1a proton thi — s&



nhan cac gia tri tir 0° @én 90°. Nang luong cua neutron s& dugc tinh dua trén Ep.
Ong dém c6 kém theo mot 16p Cadmium dé hap thu nhitng neutron nhiét, loai bo
nhitng xung giat lui caa deutron trong phan ang bat neutron nhiét cua hydro.

1.2 Cac hé do neutron:
1.2.1 Ong dém ty 16

Céc nguyén té *He, °Li, °B, ?*°U dugc dung trong éng dém ty 1é do neutron
vi cac hat nhan nay c6 tiét dién phan @ng vai neutron nhiét rat Ion. Cac ong dém
nay chi yéu dung dé dém sé neutron chir khong do ning lwong. Boron dung trong
céc detector phai dugc 1am giau dén 96% °B (boron ty nhién bao gém 20% '°B va
80% 'B).

T Ong dém *He

*He 1a mot ddng vi cua Heli, *He hip thu neutron va tao ra ion *H va ion *H.
Detector nay kém nhay véi tia gamma nén rat hitu dung trong ghi do neutron.

n+*He -*H +H 6.764 MeV

Ban dau, detector *He duoc ché tao ¢ dang 6ng dém ti 1& hinh tru. Sau do,
detector *He duoc cai tiéng thanh budng ion héa hinh ciu c6 kich thudc nho. Khac
véi 6ng dém ti 1& hinh tru, budng ion héa hinh cau c6 d6 nhay khéng phu thudc
hudng cua neutron tdi, va nho co kich thudc nho, detector nay dugc sir dung trong
cac phép do phd neutron trong cac kénh cua 0 phan ang.

Tuy nhién, ngudn cung cap *He khé han ché vi day 1a san phim phu cua qué
trinh phan ra tritium. (Tritium duQc tao ra trong cac chuong trinh vii khi hat nhan
hogc san phdm cua 10 phan tng). Trong twong lai, luvong *He tao ra chi du dung dé

ché tao cac detector ¢ kich thudc nho.

anode neutron

cathode

/ Y

\

Hinh 1. Ong dém *He (eg.Mason 2016, slide 4)


https://en.wikipedia.org/wiki/Lithium-6

T Ong dém 16t boron (Knoll 2000)

Phan :ng xay ra khi boron hip thu neutron nhiét

YB+n -a +L 231MeV

Thanh éng dém duoc pha mot 16p chat chira *°B. Cac san pham sinh ra khi
boron hap thu neutron s& bay vé hai phia d6i dién nhau, dong ning cua ching s& ty
I8 nghich véi khéi luong, niang lwong hat a bang 1,5 MeV con niang lwong hat Li
bing 0,8 MeV. O detector nay, phan ¢ng hat nhan xay ra ¢ sat mit trong cua
detector nén chi mét trong hai hat san pham di vao vung chira khi cua dng dém ty 16
va gay ion hoa.

Trén thyc té, nhitng hat tir phan ang (n,«) duoc tao ra & nhiing 16p boron sau
hon bi mat mat mot phan nang luong trén quing duong di chuyén tir 16p 16t boron
dé dén dugc vung chtra khi cua detector. Hat c6 cling nang lugng ban dau duoc sinh
ra & cac do sau khac nhau hoac bay theo cac huéng khac nhau sé dong gop vao
detector cac bién d6 xung khac nhau (broadening). Do do, xung tin hi€u trong
detector s& bién do6i trong mot dai kha rong.

T Ong dém BF; (Knoll 2000)

Ban than boron khong phai la chat khi nén loai detector nay st dung boron
trifluoride (BF3) hoac B(CHs)s, 12 hai chat ¢ dang khi. So vai 6ng dém 16t boron,
bng dém BF; c6 nhiéu wu diém. Trong detector ma *°B duogc dwa vao & dang khi,
san pham caa phan (ng s& duoc tao thanh ngay trong moéi truong khi lam viéc.
Tham chi trong truong hop khi phan @ng xay ra ¢ gan thanh dng dém, néu nhu mot
hat o (hoac Li) bi hap thu béi thanh dng di nira thi hat con lai ciing c6 thé gay nén
hiéu tng ion hoa du manh dé cé thé ghi nhan. Xung tin hiéu ghi nhan khéng bi trai
dai nhu cta 6ng dém 16t boron.

Ong dém c6 hiéu suat ghi neutron nhiét rat cao (~ 90% khi E, = 0.025 eV).
Ning lugng cta neutron cang ting thi hidu suat ghi cang thap (~3% khi E, ~100
eV)

§  Budng phan chia (Nguyén 2013)

C6 cAu tao twong tu nhu dng dém 16t boron nhung thanh trong cta detector dugc
pht mot déng vi phan hach. Khi twong tac véi neutron, phan tng phan hach xay ra,
mot manh phan hach sé& bay vé phia tim budng va duoc ghi nhan. Manh con lai mat
ning lugng va dung lai trong 16p vat lidu phan hach hoac thanh budng.


https://en.wikipedia.org/wiki/Boron_trifluoride
https://en.wikipedia.org/wiki/Boron_trifluoride

235

Néu dung dé do neutron nhiét, thanh budng dugc phu “**U. Bé do neutron nhanh tir

1MeV tr& 1én, U hay *2Th duoc sir dung.
f  Ong dém proton giat I0i (Nguyén 2013)

Ong dém nay thuong duoc st dung dé dém neutron nhanh. Khi trong
detector thuong 1a hép chat cht hydro chang han nhu methan hay cac khi ¢6 s6 Z
thap nhu helium. Vi mat do khi trong éng dém tuwong dbi thap so vai chat nhap nhay
hitu co nén hiéu suat cua loai dau do nay thap.

Trong qua trinh va cham, proton c6 thé nhan bat ky nang luong nao tir khong
dén nang lugng cuc dai cia neutron. Do d6, viéc xac dinh mdi quan hé gitta phd
nang lugng neutron téi va phan bd niang lwong proton sau va cham la phic tap.

1.2.2 Detector nhap nhay

1 Detector nhap nhay vo co:

Detector nay chtra °Li. °Li c6 tiét dién bit neutron nhiét rat cao, phan tng
xay ra khi neutron dén detector 1a °Li(n,0)°T. Phan tng hap thu neutron cua °Li xay
ra mot cach tuong tu nhung nang luong do phan &ng sinh ra I6n hon so véi truong
hop °B.

Li®+n - He' A° 48 MeV

Hat alpha va trition duoc tao thanh s& tuwong tac véi matrix tinh thé va lam
bat ra cac electron. C4c electron nay sé tuong tac voi cac nguyén tir khac trong
mang tinh thé va lam cho cac nguyén tir nay nhay 1én trang thai kich thich. Khi
chuyén vé cac mac kich thich thap hon, chung phat ra cac photon. Thong thuong
cac photon nay co6 budc song nho, nam ngoai ving anh sang kha kién. Trong
detector nhap nhay, ng nhan quang chi nhay véi viing anh sang kha kién va ving
gan tr ngoai nén maot so tap chat duoc pha thém vao mang matrix dé giai quyét van
dé nay. (Gardiner 2012)

lon Ce®*" dugc pha vao tinh thé diu do voéi ham luong rat nho (nhu 1a nguyén
t6 vét). Khi trg vé trang thai co ban, cac ion Ce®" nay phat ra photon budc soéng
390 nm - 600 nm, phi hop véi dng nhan quang. Ngoai ra, tinh thé Liti duoc ché tao
Vv6i do tinh khiét cao nham han ché phéng nén gay ra bai cac tap chat Ian trong tinh
thé nay (thong thudng hoat do alpha cua tinh thé Liti phai nho hon 20 phan ra/ phat/
100g9)
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Hinh 2. Detector nhap nhay do neutron (eg.Mason 2016, slide 7)
 Detector nhap nhay hitu co:

Detector nay c6 cau tao twong tu detector nhip nhay vo co nhung chat nhap
nhay 1a hop chét chira hydro, day 14 loai detector chinh do neutron nhanh cé ning
luogng tir 10keV dén 200MeV. Detector nhap nhay hiru co c6 hiéu suat cao vi mat
d6 hydro trong chat nhap nhay cao. Neutron mat nang luong nhanh va dé dugc ghi
nhan.

1.2.3 Detector neutron ban dan (eg. Manson 2016, slide 11)

Khi mot neutron tuong tac vai tap chat trong chat ban dan, khoang 1,500,000
15 trong va electron dugc tao thanh. Tin hiéu dién duoc tao thanh du 16n dé hé do
ghi nhan ma khong can sir dung bo tién khuéch dai. Tuy nhién, cac detector ban dan
tiéu chuan khong chia di luong chat hap thu neutron nén kha niang ghi nhan
neutron rat thap.

neutron

\\ ‘He 5"‘?—&3"' \\\
NN\

Chat baﬂ dan .
1

Hinh 3. Detector ban din do neutron. (eg Manson 2016, slide 11)



Dé tang s twong tac v6i neutron, mat ngoai cua chat ban dan duoc trang mot
I6p mong °Li hoic '°B. Céc hat tai dién dwoc tao thanh nhu “He hay *H s& tiép tuc
turong tac v6i chat ban dan dé tao tin hiéu. Tuy nhién, quing chay cua cac hat san
pham sinh ra tir phan @ng hap thu neutron rat thap. Da sb cac hat mang dién khong
dén duoc detector nén hiéu suit cua loai detector nay thap.

Lép phi mong chira © L

Neutron

NN W Chitbandin N\
1

Hinh 4. Detector ban din phi ®Li do neutron (eg. Manson 2016, slide 13)
1.2.4 Detector neutron tu nudi

Detector nay duoc dung khi théng lwong neutron 16n, chang han nhu trong 16
phan ng hat nhan. Detector neutron tu nudi khong can s dung ngudn nudi bén
ngoai. C4u tao cua mét detector neutron ty nuodi dugc mo ta nhu sau:

Collector Conductor
|

(T {
\ T [ —~ .

\ |

Insulator Emitter Insulator

Hinh 5. Detector neutron tw nudi. (Research gate: online research databases)

“Detector thuong c6 cau tao ddng truc. Vat dan trung tam I1a cuc phat emitter
va la vat liéu phat tin hiéu. Vat din bén ngoai collector duoc ngin cach vaéi emitter
bang mét 16p vat liéu cach dién insullator. Collector thuong duoc 1am bang hop kim
Inconel boc Iy Iép cach dién va emitter. Khi birc xa ban pha, emitter phat ra cac hat
beta di vao 16p cach dién va dé lai emitter tich dién duong. Khi ndi emitter voi
collector qua mét dién tro, dong chay qua dién tro ty 1€ véi thong luong neutron.”
(Nguyén Danh Hung 2013, tr.148)



1.3 Céu tao va nguyén ly ghi nhan neutron cia BSS va BSE

1.3.1 C4u tao va nguyén 1y ghi nhan neutron ctia BSS

Phd ké BSS chu dong bao gom mot detector do neutron, chang han nhu
detector chira khi (*He) hodc detector nhip nhay (°Li) duoc trinh bay ¢ muc 1.2, va
chat 1am cham neutron boc bén ngoai detector.

Trong BSS, chat lam cham thuong 1a cac vat liéu chia hydro nhu
polyethylene vi trong mdi va cham, neutron mat nhiéu nang luong nhit néu hat
nhan bia c6 khdi lugng xap xi khdi luong neutron. Ngoai ra, cac hat nhan carbon
trong polyethylene ciing 1am cham neutron rat hidu qua. (Cruzate 2007)

Polyethylen . ———~_

l/
/ \
/ \

Hinh 6. Cau tao cia BSS chi dong. (Begdoni, 2010)

Chat 1am cham neutron boc ngoai detector thuong c6 dang hinh cau, ning
lugng neutron téi cang cao thi duong kinh vung lam cham cang 16n nhung thuong
khong quéa 18 in.

Ngoai ra, BSS con c6 mot dang bién thé khac hay con goi 1a BSS thu dong,
detector do neutron dugc thay thé bang mot 14 do (indi, vang, dyprosy...). Thong
lugng neutron s& dugc do gian tiép qua hoat d6 cua 14 do khi né bi kich hoat do cac
phan @ng hap thy neutron.

La do

E“ : Detector

Hinh 7. C4u tao cia BSS thu déng. (Bedgoni, 2010)
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Tuy nhién, cac neutron dén duogc 14 do s& co cac ning luong khac nhau, gia
tri thong lwong 7 phu thudc vao E,. Tiét dién phan tng S cling s€ la mot ham cua
nang lugng nén cac phan tng xay ra s€ phuc tap hon so véi truong hop chum
neutron don ning duoc trinh bay & phan 1.2.2. Tuy nhién, déi véi BSS thu dong, téc
d6 phaning P=s_ 3 £ 1a s6 hang can tim nén c6 thé don s, £lai thanh mot an

duy nhat. Cong thic tinh s6 dém C thu dwoc ¢ detector gamma van ¢6 dang nhu cil.

Tbc do phan tng P s& dugc tinh:

C 5
P:sE 3é = él' e—/tirr ) ( )
N, (X)?3 & e’ @ e'") e3y
C +

Téc d6 phan tng P nady ciing chinh 1a s6 neutron bi hap thy béi 14 do trén mot
don vi thoi gian, twong tu nhu s6 dém ghi duoc & BSS chu dong.

Khi khéng c6 chat 1am cham bén bén ngoai detector hoic cac 14 do, céac
detector do neutron hoac 14 do chi nhay véi cac neutron c6 ning lwgng nhat dinh.
Ching han, @i vai °Li, tiét dién phan ung véi neutron tuan theo quy luat 1/v nhu
mo ta ¢ Hinh 8 (Evaluated Nuclear Data File: online cross section libr&gi6,
p.1). Véi neutron nhiét, tiét dién phan ang 16n, xap xi 940 barns. Khi ning luong
neutron vao khoang 0.4eV, tiét dién phan tng giam con 470 barns va doi véi
neutron c6 niang luong trén 40keV, tiét dién phan @ng gan nhu khong dang ké
(<0.8barns). Do d6 khi nang luong ciia neutron ting, hiéu suat ghi giam.

ENDF/B-IV LI-6
Principal cross sections

| | l | | | | | |
10% L
»® 103 | |
= 10
—
o
=k
= 10° B
el
=
8 1o
» 10 - 1L
2
(3 B
= 10" ~—— total — L
& ~~__absorption -
1 gamma production
10D L
I I T T | I

| I 1 T i T
10:1- 10712 102 102 10 1001022 10 0P 10- 107t 10% ol
Energy (MeV)

Hinh 8. Tiét dién phan @ng cua °Li véi neutron.
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Bang cach st dung chit 1am cham boc bén ngoai, cac neutron s& mat mot
phan dong ning théng qua cic va cham véi hat nhan mdi truong lam cham. Khi cac
neutron ndy dén duoc detector hoic 14 do, ning lwong cua ching giam dang ké va
tiét dién phan ung & c&c muc ning lugng nay rat 16n, do dé cac neutron nay duoc
ghi nhan d& dang. BSS c6 thé do cac neutron v&i murc ning lwgng trai dai.

Hinh 9. Cac qua cau polyethylene va detector do neutron (6ng tru bac) trong
pho ke BSS. (Begdogni 2006)

1.3.2 Cau tao va nguyén 1y ghi nhan neutron ctia BSE

Khi ning luong neutron ting, can tang kinh thuéc qua cau polyethylene dé
tang bé day chat 1am cham, nhung khi dudng kinh nay vuot quéa 18 in, hiéu suat cia
BSS giam mot cach dang ké do su rod ri neutron. Hon nita, qua cau polyethylene
duong kinh 18cm nang gan 50kg nén rat cong kén va kho sir dung.

Dbi voi neutron c6 nang lugng 16n trén chuc MeV, thay vi ting ban kinh qua
cau polyethylene, mét 16p kim loai nang nhu chi hodc vonfram dugc boc bén ngoai
hozc 16ng vao trong qua cau polyethylene.

Chi

Chi

A. CAu hinh danh cho neutron tir 20-100MeV B. Ciu hinh danh cho neutron trén 100 MeV

Hinh 10. Céau hinh ciaa BSE (Burget 2008)
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O muc ning luong cao, vat lidu ¢ sé Z 16n ¢ tiét dién phan tng (n,xn) cao.
Khi twong tac vdi neutron, cac hat nhan kim loai nay sinh ra thém neutron qua cac
phan ung (n,2n), (n,3n). Do d6, 16p kim loai hoat dong nhu mot ngudn nhan
neutron, bu lai sy thiéu hut neutron do rod ri. Pay chinh 1a phd ké Bonner Sphere
Extended (BSE). (Burget 2008)

Vi du vé phan &ng sinh neutron:

n+%C -%C ®n
n+%Cu - ®Cu ®r

1.4. Giéi thiéu chwong trinh MCNP
1.4.1 Lich st phat trién va cong dung cia MCNP:

Monte Carlo N-Particle (MCNP) 14 mot phan mém dé mé phong cac qua
trinh hat nhan ddi véi cac hat photon, neutron va electron, proton, muyon.... MCNP
duogc phat trién tai Phong thi nghiém Quéc gia Los Alamos-My tir nam 1957. Cho
dén nay, MCNP d tra qua nhiéu cai tién va trg thanh mot cong cu manh trong linh
vuc hat nhan. Phan mém nay duoc sir dung chi yéu cho mé phong cac qua trinh hat
nhan, chang han nhu phan hach, twong tic hat lién quan dén neutron, photon va
electron. MCNP 1a cong cu rat hitu hiéu trong cac ung dung nhu: che chin bac xa,
tinh toan lidu, chup X quang, vat ly y khoa, thiét ké tinh toan tgi han 10 phan tng...
(Monte Carlo NParticle Transport Code: wiki encycloped2@11). Chuong trinh
mé phong MCNP ¢6 nhidu phién ban nhu MCNP4C, MCNP5, MCNP6, MCNPX.

Chuong trinh MCNP5 duoc dung dé md phong ba loai hat: neutron (10
MeV dén 20MeV cho tat ca cac dong vi co trong co s dir liéu va dén 150MeV cho
moét s6 ddng vi), photon (lkeV dén 100GeV) va electron (lkeV dén 1GeV).
MCNP5 duoc dung rong réi trong tinh toan che chin, chup anh bang bic xa, xa tri,
tinh lidu. Ngoai ra, MCNP5 con dugc dung dé tinh toan ti han ke cho hé phan
hach.

Ciing 1a phan mém mo phong Monte Carlo, MCNPX c¢6 thé tinh toan van
chuyén hau nhu cho tat ca cac loai hat (proton, neutron, trition, alpha, muyon...).
Thuat toan LAHET dugc tich hop dé tinh todn van chuyén céc hat ning luong cao
(trén 20MeV). Day 1a khac biét 1on nhat gitta MCNPX va MCNP5. Thu vién cia
MCNPX dugc mo rong va cac phuong phap giam phuong sai duoc tich hop san vao
MCNPX dé dap ung véi tinh toan & cc mirc niang luong cao twong ng. MCNPX
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cha yéu dugc dung dé nghién ctiu van chuyén hat trong plasma, thiét ké thi nghiém
Vvé6i neutrino, su tao cac dong vi phong xa bang chum hat gia téc, vat Iy y khoa (xa
tri bang neutron, proton), tinh liéu va ghi nhan neutron ning luong cao, nghién ctu
phdng birc xa vil tru, che chan buc xa ning luong cao...

1.4.2 File input cho chuong trinh MCNP:

Phan input file cua chwong trinh MCNP duoc md ta nhu sau: (Shultis & Faw
2011)

T i ééwa tkdng tin & input file (tuy clon)

Cell Cards

<N@&i dung khai bao>

<mét dong tBng bt budc>

Surface Cards

<N®&i dung khai bao>

<mét dong tBng bét budc>

Data Cards

<N®&i dung khai bao>

M@ ta hinh hoc trong MCNP dugc khai bao théng qua Cell cardsva Surface
Cards Surface carda noi khai bao cac mat hinh hoc dugc dung trong mé phong,
chang han mit phiang, mit cau, mit tru. Cell cardsla noi khai bao cac cell. Cell 13
vung khong gian dugc hinh thanh bai cac mat dugc khai béo & phan Surface cards
Mat d6 vat chat & timg cell ciing dugc khai bao & muc ndy. Data cardsla noi khai
bao théng sé vat liéu, dix liéu hat nhan, loai hat duoc sir dung trong mé phong. ..

Hinh hoc cia MCNP thé hién 1a hinh hoc ¢6 cau hinh 3 chiéu tuy y. MCNP
xtr 1i cac hinh hoc trong hé toa do Descartes. MCNP ¢6 mot chuong trinh dung san
dé kiém tra I15i cua dir liéu dau vao, thém vao d6 kha niang vé hinh hoc cia MCNP
cling gitip nguoi dung kiém tra cac 15i hinh hoc. Str dung cac mit bién dugc Xac
dinh trén cac Cell cardva Surface card MCNP theo ddi su chuyén dong cua cac
hat qua cac hinh hoc, tinh toan cac chd giao nhau cua cac quy dao vét véi cac mat
bién va tim khoang cach duong nhé nhat ciia cac chd giao. Néu khoang céach téi lan
va cham ké tiép 16n hon khoang cach nho nhat, hat s& roi khoi cell dang 6. Sau do,
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tai diém giao thu duogc trén bé mit, MCNP s& xac dinh cell tiép theo ma hat s& vao
bang céch kiém tra gia tri cia diém giao (&m hoic duong) d6i véi mdi mat duoc liét
ké trong cell. Dua vao két qua do, MCNP tim duoc cell dung ¢ phia bén kia va tiép
tuc qué trinh van chuyén.

Ngoai viéc str dung céac bang dir liéu co san trong MCNP, nguoi diing con co
thé str dung cac dit liéu duoc tai tao tir cac dir liéu goc bén ngoai thdng qua mot
chuong trinh chuyén d6i chang han nhu NJOY hay 1a cac dit liéu méi duoc dua vao
trong MCNP boi chinh ban than ngudi ding. C6 tat ca 9 loai dir liéu hat nhan trong
MCNP (X-5 Team 2003):

— Tuwong tac neutron c6 nang lugng lién tuc

— Tuong tac neutron phan g roi rac

— Tuwong tac quang nguyén tir nang lugng lién tuc
— Tuong tac quang hat nhan nang luong lién tuc
— Céc tiét dién dé tinh liéu cho neutron

— Neutron S(a,) nhiét

— Tuwong tac neutron, cap neutron/photon

— Tuong tac photon

— Tuong tac electron

Cac dir liéu hat nhan duoc dwa vao trong MCNP qua phan khai bdo & tiéu
muc material cardtrong data card

Két qua khi chay mé phong s& duoc ghi lai trong file output dwgc tao trong
cung mot thu muc chaa file input.

1.4.3 Tally trong MCNP (Shultis & Faw 2011):

Trong MCNP c6 nhiéu loai tally tinh toan khac nhau. Ngudi st dung co thé
dung cac tally (danh gid) nay dé thuc hién céc tinh toan lién quan dén dong hat,
thong luong hat, ning lugng hat dé lai trong cell. Cac tally trong MCNP déu duoc
chuan hoa trén mot hat phat ra, ngoai trir mot vai truong hop ddi vai nguon tai han.
Céc loai tally chinh trong MCNP dugc tom tat trong bang sau:
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Bang 1. Ky hiéu cua cac Tally va loai hat dwgc 4p dung

Ky . : .
hicu Cong dung Loai hat Pon vi
(1) (2) 3) (4)
F1 Dong qua bé mit Neutron, photon, S6 hat
electron.
F2  Thoéng luong trung binh qua bé mat Neutron, photon, S6 hat/cm?
electron.
F4 Thong Iwgng trung binh trong mot Neutron, photon, S hat/cm?
cell electron.
£6 Nang luong trurAlg binh dé lai trong Neutron, photon. MeV/g
mot cell
£7 Nang lugng phzin hach dé lai trong Neutron. MeV/g
mot cell
F8 Phan bo d6 cao xung trong mét cell ~ Photon, electron. SO xung

Trong file output, MCNP biéu dién thong tin chi tiét vé qué trinh mé phong
dé nguoi dung danh gia sai s6 théng ké (precision) cua két qua. C6 nhiéu chi tiét
danh gia dugc trinh bay, nhung theo kinh nghiém, ngudi ding can xac dinh can
than cac bang trong file output. Panh gia duoc quan tdm nhiéu nhat la sai sé tuong

N —
_ N , ax-x?
d(A)IR:%,Vé’IX:%aI_XVéSf:SW :I=1|\|(T1)

Trong file ouput cia MCNP, gia tri R dugc xuat ngay canh gia tri tally duoc
khao sat. Chi trong truong hop khao sat nguon téi han, gia tri R dugc thay thé bang
Sy. Gia tri va y nghia ctia R dugc trinh bay ¢ bang sau:

Bang 2. Gia tri ciia R va y nghia twong @wng. (Shultis & Faw 2011)

R Dac trung cua tally
(1) 2)
>0.5 Khong c6 y nghia
0.2-0.5 C0 thé chap nhan trong mét vai treong hop
0.1-0.2 Chura tin cay hoan toan
<0.1 Tin cay (ngoai trir detector diém/vong)
<0.05 Tin cay ké ca vai detector diém/vong
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CHUONG 2: PHAN TiNH TOAN

2.1 M6 ta dang céc thong sé cia phé ké dwoc md phéng
2.1.1 Théng s hinh hoc ctia pho ké

Detector Li-glass c6 dang éng tru, théng sé chi tiét cua cac bo phan dugc md
ta & Hinh 11.

N
6 nhé 105
04 Vo nh
i i 08 0.4x0.4 Li glass
! Ong 1 03 02 :
guang T - 155
' - (f'mg dan I
quang ' 45
" Pon vi tinh: centimet
12 960

Hinh 11. Thong s6 hinh hec ciia detector dwgc mo phéng. (Bedogni 2006)

Detector dugc dung trong md phong nay 1a mot detector Li-glass, tinh thé Li-
glass c6 dang tru ban kinh 0.2cm va chiéu cao 0.4cm, vung tinh thé Li-glass c6 kich
thugc kha nho nham giam sy twong tac véi cac tia gamma.

Truc d6i xtng cua detector dugc dit tring vai truc toa d6 Ox. TAm qua cau
duogc dit tring véi goc toa dd O. Puang kinh qua cau caa pho ké BSS c6 gia tri 3
in, 5 in, 8 in va 12 in. Pdi v6i BSE, cac gia tri nay bang 5in, 7 in, 8 in, 12 in.

2.1.2 Théng sb vat liéu cua phd ké

Thong sé vt liéu cua detector Li-glass duoc xay dung dwa trén dé xuit cua
Brittingham (2010, tr. 3) cu thé nhu sau:

Tinh thé Li-glass bao gom céc nguyén té Liti, Silic va Oxy theo ty 1¢ nguyén
tir 1:1:2. Liti duoc dung trong detector Li-glass dugc 1am giau °Li dén 95%, Li chi
chiém 5% khéi lugng. Phan tinh thé Li-glass c6 khéi lugng riéng 2.5g/cm®. Trong
thuc té, mot luong Ce** dugc pha vao tinh thé Li-glass va dong vai tro 1a chét nhap
nhay nhung do ham lwgng Ce®* rat thip va tiét dién twong tac vai neutron khong
dang ké nén Ce*" dugc xem nhu nguyén té vét trong mang tinh thé Li-glass.
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Ong dan quang duoc dung dé dan nhip nhay séng sinh ra tir tinh thé Li-glass
dén 6ng nhan quang. Trong mé phong nay, dng dan quang lam bang thuy tinh théng
thuong bao gdm Silic va Oxy (SiO,) véi khdi luong riéng 2.2g/cm®.

V6 tru boc bén ngoai tinh thé Li-glass, ng dan quang, dng nhan quang duoc
lam tir nhdm, khéi lwong riéng 2.7g/cm®. Ong nhan quang dugc gia st 1a ving chan
khéng.

Dbi voi phd ké Bonner Sphere, qua cau boc ngodi detector dugc lam hoan
toan bang polyethylene (CH,),, khdi lwong riéng 0.92g/cm?.

Déi voi phd ké Bonner Sphere Extended, mot 16p kim loai niang (dong, chi
hodc wolfram) duoc boc bén ngoai hoic & chinh giira qua cau polyethylene nhu mo
ta & Hinh 12.

12-in BSE

5-in BSE 8-in BSE 7-in BSE

Pon vi tinh: in

Hinh 12. Cac phd ké BSE dwgc dung trong md phéng. (anh khong theo ty 18)

2.2 M0 ta cac thong sé cia ngudn neutron dwgc dung trong md phéng

Ngudn neutron dugc ding trong md phong cé dang dia, phat neutron don
hudng song song vai truc Ox va hudng dén phd ké. Ngudn duoc dit cach tdm qua
cau polyethylene 20cm, mat phang chira nguén vudng goc véi truc Ox. Ngudn dia
nay c6 ban kinh bang véi ban kinh qua cau caa pho ké. Khi md phong detector tran,
ngudn neutron ¢6 ban kinh bang ban kinh cia vo nhdém boc tinh thé Li-glass.

Trong mdi lan chay md phong, ning lwong cia neutron phét ra cé gié tri
phan bd déu gitra hai can cua khoang ning luong duoc cho trong bang sau:
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Bang 3. Cac khoang ning lwong (bin) cia neutron dwoc dung trong mé phéng.
(Brittingham 2010)

Khoang Candudi  Cantrén Khoang Can dudi Can trén
nang lugng  (MeV) (MeV)  nang luong (MeV) (MeV)

(1) ) ©) (4) (5) (6)

1 1.00e-08  4.14e-07 16 1.17e-02 2.48e-02

2 4.14e-07  6.83e-07 17 2.48e-02 5.25e-02

3 6.83e-07  1.45e-06 18 5.25e-02 1.11e-01

4 1.45e-06  3.06e-06 19 1.11e-01 2.24e-01

5 3.06e-06  6.48e-06 20 2.24e-01 4.51e-01

6 6.48e-06  1.37e-05 21 4.51e-01 9.07e-01

7 1.37e-05 2.90e-05 22 9.07e-01 1.87e+00

8 2.90e-05 6.14e-05 23 1.87e+00  3.68e+00

9 6.14e-05 1.30e-04 24 3.68e+00  7.41e+00

10 1.30e-04 2.75e-04 25 7.41e+00  1.49e+01

11 2.75e-04  5.93e-04 26 1.49e+01  2.58e+01

12 5.93e-04 1.23e-03 27 2.58e+01  4.47e+01

13 1.23e-03 2.61e-03 28 4.47e+01  7.73e+01

14 2.61e-03  5.53e-03 29 7.73e+01  1.34e+02

15 5.53e-03 1.17e-02 30 1.34e+02  1.50e+02

Nhitng khoang ning lugng nay thuong duge dung dé md phong BSS, trai dai
tir 10 dén 150 MeV va bao gdbm cac muc ning luong dang quan tim cta neutron.

2.3 L4p file input cho phan mém MCNP:

Dua trén céc thong s ¢ phan 2.1 va 2.2, file input cho MCNP duoc lap. Vi
du cho file input cua pho ké BSS va BSE duoc trinh bay ¢ phan phu luc A. Mt s6
diém luu y trong qua trinh 1ap file input dugc trinh bay nhu sau

2.3.1 Giam phuong sai
Céch don gian nhat dé giam phuong sai 1a ting sé lich st N trong mé phong
Vi R~ —=. Bu lai, phuong phap nay ton kha nhiéu thoi gian. Co nhic¢u cach de

N

giam phuong sai trong m6 phong MCNP nhu: phan chia theo hinh hoc, phén chia
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theo ning luong, cira s6 trong sd, va cham bét budc. Ky thuat phan chia theo hinh
hoc (Geometry Splitting) (Shultis & Faw 2011) dugc ap dung trong mo phong nay.

Céc cell s& dugc gan do quan trong (imp) khac nhau khi khai béo file input.
Cell déng gop vao tally nhiéu hon s& c6 d6 quan trong Ién hon. Néu cell méi co do
quan trong cao hon cell cii, hat s& bi chia ra 1am n hat véi n 1a ty sé d6 quan trong
gitra hai cell.

Chang han nhu ty s6 d6 quan trong cua cell 1 véi cell 2 1a 2.75 thi mét hat di
tr cell 1 vao cell 2 s& duoc chia 1am ba hat con véi xac suit 14 75% va chia lam 2
hat con véi xac suat 25%. Mdi hat con s& c6 trong sé bang 1/n trong s cua hat cii.
Néu ty s6 ctia 2 cell 12 0.6 thi hat di tir cell 1 vao cell 2 vai ty Ié sbng s6t bang 60%
va bi tiéu diét véi xac suat 40%. Phuong phap nay lam ting do chinh xac cua két
qué Vi sd hat khao sat di qua mdi cell ting nhung gia tri Ky vong van khong thay doi
vi mdi hat con déu dugc gan trong sé twong ung.

Trong MCNP, dé xac dinh d6 quan trong cia mdi cell, trugc hét nén chay
chuong trinh mé phong véi d6 quan trong cua tat ca céc cell bang 1 (imp:n=1). Tt
Bang 126 trong file output, do quan trong mai cua tung cell s& bang sé hat trong
cell lién truge chia cho sé hat trong cell dé.

2.3.2 Tally F4 va FM

Trong cac md phong nay, tally F4 dugc diung dé do thong lugng neutron
trung binh trong cell s6 02 la tinh thé Li-glass. Pon vi tinh cua tally F4 1a sb
hat/cm?. Sé hat nay s& dugc chuyén thanh sé hat alpha san phim bang thé nhan tally
FM. (X-5 Team 2003)

Céch dung thé nhan FM la FM4 0.02276 2 207

Trong do:
FM4 1a thé nhén cho tally F4
0.02276 la mat do cua Liti trong tinh thé Li-glass (nguyén tir/barn.cm)
2 14 s6 vat liéu cua tinh thé Li-glass

207 1a input key cho tinh toan twong tac tao hat alpha trong tinh thé
Li-glass.
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2.4 Tién hanh chay moé phéng MCNP véi cac ngudn neutron c¢é niing lwong tir
eV dén 150 MeV:

Vi MCNP5 chi dap wng téi mtc ning lwong khoang 20MeV nén phan mém
MCNP5 duogc dung dé chay cac mo phong tir bin 1 dén bin 25 (Bang 3). Phan mém
MCNPX version 2.5.0 dugc sir dung dé chay mé phong véi cac bin 26, bin 27, bin
28, bin 29 va bin 30. M&i mé phong duoc chay véi sb lich sir bang 300,000.

2.4.1 Pbi v6i BSS

BSS duoc lan lugt dat tai vi tri 6=0° va 6=90°. Gi4 tri cua goc 6 dwoc mod ta
nhu trén Hinh 13. Cac md phong ang voi BSS s& duoc dung dé danh gia tic dong
hudng téi caa neutron 1én hiéu suat cua pho ké BSS.

Ngubn neutron

Hinh 13. Vi tri cta truc detector trong mé phéng BSS.

Nguén neurton dwoc gitt nguyén tai vi tri cii, thé tr (X-5 team 2003) duoc
ding dé quay detector, thay dbi goc 0 tir 0° thanh 90°.
2.4.2 Dbi v6i BSE

Trong md phong BSE, goc 6 chi cé gié tri bang 0°. Cac mo phong wng Véi
phd ké BSE s& dugc dung dé danh gia tac dong cua thanh phan cac dong vi trong
I6p kim loai ning ciing nhu sy anh huéng cua bé day 16p kim loai 1&n hiéu sut ghi.

Ddi vé6i cac md phong ding cho viée xac dinh anh huong cua do giau cac
ddng vi trong 16p kim loai, bé day 16p kim loai duoc gitt ¢6 dinh bang lin. Thanh
phan cac dong vi trong 16p kim loai s& duoc thay ddi. Vi du, ddng ty nhién bao gom
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hai d@dng vi 1a ®*Cu va ®Cu véi ty Ié 7:3. M6 phong dau tién duoc tién hanh cho
ddng tu nhién, 1an mé phong the hai, 16p ddng dugc gia sir chi bao gdm 100% ®3Cu
hodc 100% ®Cu. Cac md phong tuong tu duoc tién hanh véi 16p chi va wolfram.

Déi véi cac mo phong dung cho viée xac dinh anh huong caa bé day 16p kim
loai 18n hiéu suét ghi, 16p kim loai c6 thanh phan déng vi nhu & trong tu nhién. Tuy
nhién, bé day 16p kim loai dugc thay doi, cuthé 140.5in, 1in, 1.5in va 2 in.

2.5 Tinh toan hiéu suat:

Thuat ngr “hiéu suat” dwgc dung trong rat nhiéu ngit canh va mang nhiéu
nghia khac nhau. Trong vat ly thuc nghiém, né c6 nghia tong quat 1a ti sb giita gia
tri dua ra cia mot dung cu do (chang han nhu sé do, dong, téc do dém) vai gia tri
thuc cua dai luong vat 1y duoc do. Hiéu suat cua detector nhu vay lién quan dén ban
chat cua detector, hinh hoc ngudn, su hap thu birc xa bén trong detector.

Ddi véi detector nhap nhay, ngoai kha ning ghi nhan btc xa cua tinh thé,
hiéu suat ghi con thudc vao hiéu suat phat quang caa chat nhap nhay, hiéu suit cua
ong nhan quang. Chuong trinh MCNP khong thé tinh todn cac thdng sé nay, do d6
hiéu suat caa phd ké trong khoa luan nay duoc tinh nhu sau:

Hiéu suit e=S4 neutron phét ra/ S6 neutron bi hip thu trong phan ung °Li(n,a)*H.
Khi neutron bj cac hat nhan °Li hép thy, phan ung xay ra la:
SLi+In - He €H 478MeV
S6 hat alpha tao thanh bang véi s6 hat neutron bi hap thu. Do d6, hiéu suat
duoc tinh dya trén sé hat alpha dugc tao thanh trong Li-glass.

Két qua trong ouput file sau khi chay MCNP sé& 14 sé hat alpha duoc tao
thanh trén 1cm? tinh thé Li-glass va da duoc chuin hoé trén mot hat phét ra. Két qua
nay duoc chuyén thanh tong sb hat alpha dugc tao thanh N ppa bang céch nhan gia
tri FM4 véi thé tich tinh thé Li-glass V. (Mazrou et al. 2010)

Khi d6, cong thirc tinh hiéu suat duoc viét thanh:
e=N, ... 100% FEM4) V3 100% (6)
Sai s6 higusuit s, = s & 100%

Véi s, =R {FM4)vaV =pr’h 31416 G2*> 02 0.0503(cn)
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CHUONG 3: KET QUA VA THAO LUAN

3.1 Phé ké BSS

3.1.1 Hiéu suit cua detector tran

2.0E+00 -

)

¢u suat (%o

-

Hi

0.0E+00

Dang diéu dudng cong hiéu suat cua detector tran kha giéng véi do thi tiét
dién bat neutron cua Liti (Hinh 8). Tiét dién bat neutron cua °Li giam theo ning

1.5E+00 -

1.0E+00 -

5.0E-01 -

Hiéu suat cua detector tran.

)
=)
v3|
S

d

UL

Hiéu suit (%)

0.0E+00 .
2.00E-02 2.00E+00
Naing lirgng trung binh (MeV)

2.0E-07 2.0E-06 2.0E-05 2.0E-04 2.0E-03 2.0E-02 2.0E-01 2.0E+00 2.0E+01

Nang lwgng trung binh (MeV)

Hinh 14. Hiéu suit caa detector tran.

lwong neutron nhung & viing 10" MeV, tiét dién bét neutron cua °Li ting do sy cong

huong 1am hiéu suat ghi tang. Pbi voi detector tran, kha nang ghi nhan phy thudc

cha yéu vao tinh thé Li-glass.

3.1.2 Hiéu suat ciia BSS va anh huong cta hudng neutron tdi

Hiéu suat caa BSS 3 in 16n nhit khi ning lwong neutron khoang 10 MeV.
Trén 10MeV, hiéu suat ghi gan nhu bang khdng. Pho ké BSS 5 in c6 hiéu suat
tuong ddi on dinh véi neutron c6 nang lugng dudi 1MeV, kha nang dap ung it thay
ddi trén mot vang nang luong trai dai. O ving nang lwong dudi 10" MeV, hudng

t6i ciia neutron c6 anh hudng dang ké dén hiéu suat ghi. (Hinh 15)
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Hiéu suit ciia BSS 3 in Hiéu suit ciia BSS 5 in
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Hinh 15. Hiéu suit cia BSS.

Hiéu suat ghi ciia BSS 8 in rat kém khi nang luong neutron nam ngoai ving
tir 10" dén 10MeV. Puong cong hiéu suit xuét hién dinh & 1MeV. Huéng t6i cua
neutron van cé tac dong dén kha niang ghi nhan neutron. Tuy nhién, anh huong nay
khong dang ké nhu & trudng hop 3 in va 5 in. Dang diéu d6 thi ciia pho ké BSS 12
in kha giéng vai BSS 8 in. Pinh trén dudng cong hiéu suat dich vé muc lugng
khoang 6MeV. Bdi voi phd ké nay, huéng toi cua neutron it gy anh hudng dén
hiéu suit ghi. Dudi 10™ MeV, phé ké nay hiu nhu khong kha dung.

Tir két qua thu duogc, c¢d thé két luan riang hiéu suat cia BSS phu thudc vao
hudng téi cua chim neutron va bé day ciia chat 1am cham. Cac neutron nang lugng
cao c6 kha ning dam xuyén cao va tiét dién phan tng cua Liti v&i neutron & ving
nang luong nay thap 1am giam déng ké hiéu sut ghi.

Neutron khi t&i qua cau polyethylene s& bj tan xa va thay doi huéng bay. Sau
khi tan xa nhiéu 1an, mdi neutron trong chum neutron don huéng ban dau s& c6 cac
huéng bay khac nhau va khi téi dugc detector, ching dan tré thanh mot cham
neutron ding huéng. Do do, vai s6 1an va cham da Ién, chim neutron s& ting tinh
dang huéng va loai bé duoc anh huéng cua goc téi 0. Bbi véi chum neutron c6
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ning luong thip, cic neutron dén duoc detector Li-glass cO X4c suét tuong tac voi
chat 1am cham rat thip vi néu cac neutron nay twong tac véi chat 1am cham, ching
kho c6 thé dén duoc detector vi phan wng chi yéu ¢ ving ning lwong nay 1a phan
tng hap thu. Do d6, chum neutron ning lwong thip khi dén tinh thé Li-glass van
duy tri tinh khong ding hudng cua chum neutron ban dau. Nguoc lai, neutron c6
ning luong cao s& trai qua nhiéu lan tan xa trudc khi di vao tinh thé Li-glass, tinh
dang huéng cua chum neutron khi dén duoc tinh thé detector s& ting 1én. Vi cac
neutron ¢6 nang luong cao (trén vai MeV), hiéu suat ghi caa BSS it bi anh huong
boi hudng caa neutron tai.

Hiéu suit caa phd ké khi 6=90° I6n hon hiéu suét (ng véi goc 6=0°, dic biét
la & ving nang luong thap. Bdi véi trudong hop 6=0°, tdm cua tinh thé Li-glass ndm
cach ngudn neutron 20.9cm. Khi quay phd ké di 90° tam tinh thé nay chi cach
ngudn neutron 20.7cm. Sy khac biét nay 12 nguyén nhan chinh lam thay doi hiéu
suat cia phd ké. Vi 6=90°, tinh thé Li-glass & gin ngudn neutron hon, thong lwong
neutron di qua tinh thé Li-glass s& 16n hon va s twong tac xay ra trong tinh thé Li-
glass ciing 16n hon. Ngoai ra, khi quay phd ké 90°, mét phan cua éng dan quang sé
nam gan ngudn neutron. O goc 6=90°, c6 it vat lieu 1am cham neutron hon giita
detector va ngudn neutron. Thanh phan chinh caa 6ng dan quang la thay tinh, cé
kha nang lam cham neutron kém nhung neutron s& it bi hap thu boi hat nhan chat
lam cham.

Nguon neutron Nguon neutron

Tam tinh thé Li-glass Tim tinh thé Li-glass

Hinh 16. Vi tri tam tinh thé Li-glass &ng véi 6=0° va 6=90°.

Pé xé&c nhan sy anh hudéng cua vi tri tm tinh thé Li-glass dén hiéu suat ghi,
file input ciia BSS 5 in duoc chinh sira dé tdm cua tinh thé Li-glass tring véi goc
toa do O va tring voi tdm cua qua cau polyethylene. Véi su thay doi nay, khi xoay
phd ké 90° tinh thé Li-glass van & vi tri cii va khoang cach téi ngudn khong thay
d6i. Két qua mod phong duoc trinh bay ¢ Hinh 17.
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Hiéu suit ciia BSS 5 in sau khi hiéu chinh vi tri
tam tinh the Li-glass
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Hinh 17. Hiéu suat cia BSS 5in sau khi hiéu chinh vi tri tam qua cau
polyethylene.

Su chénh léch 1a khong dang ké khi tdm tdm tinh thé Li-glass tring véi goc
toa do O. Piéu nay chiing to vi tri tam tinh thé Li-glass trong qua cau polyethylene
la nguyén nhan gay ra su khac biét cua hiéu suat ghi khi hudng téi caa neutron thay
d6i. Vi tinh thé Li-glass kha nho (0.4x0.4mm) va duoc boc trong vo nhém cua
detector nén rat kho dit tinh thé nay tring véi tam qua cau polyethylene.

Sy anh huong cua 6ng dan quang khong dugc kiém chang trong khoa luan
nay vi voi do dac thuc té, sy hién dién cua 6ng dan quang trong qua cau
polyethylene 12 khdng thé tranh khoi.

3.2 Phd ké BSE
3.2.1 Anh hudng ciia thanh phan kim loai 1én hiéu suat ciia BSE

L&i ciia pho ké BSE 5 in va BSE 8 in dugc xay dung tir qua cau polyethylene
3 in 6 san tir BSS nén hiéu suat cua hai pho ké nay dugc gop chung & phan 3.2.1.1
Tuong tu, pho ké BSE 7 in va BSE 12 in duoc xay dung tir qua cau polyethylene 5
in nén hiéu suat cua hai pho ké nay duoc trinh bay ciing nhau & phan 3.2.1.2

3.2.1.1 Ph6 ké BSE 5 in va BSE 8 in

0 2.10° MeV, tiét dién bt neutron ctua wolfram déi véi phan ang (n, g) rat
cao, do d6 hiéu suat ghi ciia phd ké BSE 16t wolfram gan nhu bang khdng ¢ mic
nang luong nay. Chi co tiét dién tan xa va tiét dién hap thy thap ddi véi neutron
dudi 0.5MeV. Neutron dudi mirc nang luong ndy it bi hap thu hoic tan xa khi di
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qua 16p chi. Chinh vi vay, dudi 0.5MeV, BSE véi 16p chi c6 hiéu suit cao nhat
(Hinh 18).

Trén 10MeV, neutron t6i bit dau tham gia phan ¢ng (n,xn). C4c neutron
duoc sinh ra tir phan tng trén bu dép cho sy ro ri neutron, cac neutron nay c6 ning
lwong thip hon neutron téi va 1am ting hiéu suét ghi. BSE 16t wolfram c6 hiéu suit
cao hon hin véi neutron trén 10MeV do tiét dién phan ang (n,xn) cia wolfram déu
cao hon chi va dong. BSE 8 in 16t dong cho hiéu suat kém hon rat nhiéu so véi cac
BSE 16t chi hoac wolfram.

Hiéu suit ciia ph6 ké BSE 5 in va BSE 8 in
3.0E-02 -

—e—5-inCu

—<—5-in Pb
& 2.0E-02 - >-inW
}g —=—38-in Cu
=
2 8-in Pb
== 1.0E-02 - —8in W

0.0E+00 - . . .
1.0E-07 10E-05 1.0E-03 1.0E-01 1.0E+01 1.0E+03

Ning lugng trung binh (MeV)
Hinh 18. Hiéu suit caa phé ké BSE 5in va BSE 8in

3.2.1.2 Phé ké BSE 7 in va BSE 12 in

Dudéi 0.1MeV, pho ké BSE 12 in hau nhu khong kha dung vi hiéu suat gan
nhu bang khong. Doi vai neutron trén 10MeV, BSE I6t wolfram van hiéu qua nhat
trong cac kim loai khao sat. Hiéu suat pho ké BSE 7 in 16t wolfram c6 gia tri cao
nhat khi neutron c6 ning lugng trén SMeV. Thém vao d6, phd ké BSE 12 in I6t
wolfram c6 hiéu suat gan bang véi pho ké BSE 7 in 16t dong. Trong do dac, hai pho
ké nay c6 thé duoc hoan do6i véi nhau (50 dén 150 MeV). Dua vao Hinh 18, c6 thé
nhan thay hiéu suat ghi caa BSE 5 in 16t dong va I6t chi it cd su khac biét. Nhung
d6i voi BSE 7 in 16t ¢ong va chi (Hinh 19), su khéc biét nay rat rd trén 20MeV.
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Hiéu suit ciia ph6 ké BSE 7 in va BSE 12 in
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Hinh 19. Hiéu suat caa phé ké BSE 7in va BSE 12in

Anh huéng cia d6 gidu dong vi trong 16p kim loai ciing di duoc khao sat. Su
khac biét trong hiéu suat ghi 1a khong dang ké véi neutron ning lugng cao, do d6
thanh phan dong vi khac nhau caa 16p kim loai hau nhu khong anh huéng dén kha
nang ghi nhan neutron cé nang lugng trén SMeV. Do thi chi tiét caa hiéu suét ghi
g véi cac do giau ddng vi khac nhau dugc trinh bay ¢ phan phuy luc B.

3.2.2 Anh hudng ciia bé day 16p kim loai 1én hiéu suat cia BSE:

Nhin chung véi pho ké BSE, 16p 16t kim loai day 0.5 in c6 hiéu suét ghi cao
nhét cho neutron dugi 5MeV. Trén 5MeV, I6p 16t 0.5 in ¢ hiéu suat ghi thap nhat
S0 V&i c4c bé day khéc.
3.2.2.1. Anh hudng cta bé day 16p kim loai 1én pho ké BSE 5 in

Doi vai pho ké BSE 5 in cd 16p 16t chi, hiéu suat ghi it bi bién dong dudi
0.5MeV. Vi I6p 16t dong hoiac wolfram, su bién dong nay kha phirc tap, nguyén
nhan chi yéu 1a do sy thay doi cua tiét dién phan ung.

Sy khac biét gay ra bai 16p 16t 1 in, 1.5 in va 2 in ddi véi pho ké BSE 5 in la
khong dang ké. Trén 10MeV, céc 16p kim loai véi bé day khac nhau cho higu suat

ghi gan nhu bang nhau (trir trudng hop 0.5 in). Poi voi cac BSE 5 in nay, 16p kim
loai day 1 in da du tot.
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Anh hwéng cia bé day kim loai 1én Anh hwéng cia bé day kim loai 1én 5 in
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Hinh 20. Anh hwéng cia bé day kim loai 1én BSE 5 in
Ving ning lugng tir 5 MeV dén 10 MeV kha dac biét vi cac phd ké BSE voi
bé day kim loai khac nhau déu c6 hiéu suat ghi xap xi nhau dbi véi neutron nim
trong ving nay. Tir 10MeV tro 1én, hiéu suat ghi taing. D4i véi kim loai nang,
neutron bat dau tham gia phan ung (n,xn) khi nang lugng neutron téi bang khoang
5MeV. Trén 10MeV, phan (ng nay xay ra rat dang ké. Cac neutron sinh ra tir phan
mg nay 1a nguyén nhan 1am tang hiéu suat ghi. Cac BSE kich thudc 16n hon ciing

cd tinh chat twong tu.

3.2.2.2. Anh hudng cua bé day 16p kim loai 1én phé ké BSE 7 in

Anh huéng cua bé day 16p kim loai 1én hiéu suat ghi cua phd ké BSE 7 in
gidng vai pho ké BSE 5 in. Trén 10MeV, 16t 16t 0.5 in van cho hiéu suat thap nhét.
Cac 16p 16t kim loai day 1 in, 1.5 in hoac 2 in it gay ra su khac biét.
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1.0E-07 1.0E-04 1.0E-01 1.0E+02 1.0E-07 1.0E-04 1.0E-01 1.0E+02
Nang lwgng trung binh (MeV) Ning lugng trung binh (MeV)
Anh hwéng ciia bé day kim loai 1én
BSE 7 in 16t wolfram
Chu thich
8.0E-02 ~
& ---05in lin
& /
2 4.0E-02 - ”
8 " - .
= — 131 2
0.0E+00 -+

1.0E-07 1.0E-04 1.0E-01 1.0E+02
Ning lugng trung binh (MeV)

Hinh 21. Anh hwéng cia bé day kim loai 1én BSE 7 in
Hiéu suat ghi cia pho ké BSE 7 in vai 16p 16t wolfram it bién dong hon so
véi truong hop 5 in (Hinh 20). Bi véi BSE 7 in, I8i polyethylene c6 duong kinh 5
in 16n hon 161 polyethylene ciia BSE 5 in. Neutron phai di mot quang duong dai hon
dé dén duoc detector, s6 va cham véi chat 1am cham ciing ting 1én. Khi toi dugc
detector, neutron c6 ning luong trai dai do qua trinh twong tic ngu nhién (tuong tu

hi¢u ung energy broadening).
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3.2.2.3. Anh huéng cua bé day 16p kim loai 1én phd ké BSE 8 in

z
A

Anh huéng ciia bé day kim loai 1én Anh huéng ciia bé day kim loai 1én
BSE 8 in 16t don BSE 8 in 16t chi
1.60E-02 - g 2.0E-02 -
2 8.00E-03 ~ e "% 1.0E-02 -
2 O\ £
<D . 4 o
= -
0.00E+00 T T T 0.0E+00 T T T
1.0E-07 1.0E-04 1.0E-01 1.0E+02 1.0E-07 1.0E-04 1.0E-01 1.0E+02
Nang lugng trung binh (MeV) Nang luwgng trung binh (MeV)
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4.0E-02 1 Chu thich
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@ S i i
= —--13m 2in
0.0E+00 +=mmmss

1.0E-07 1.0E-04 1.0E-01 1.0E+02
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Hinh 22. Anh hwéng cia bé day kim loai 1én BSE 8 in

Trén 10MeV, anh huong cua I6p kim loai 1én hiéu suat ghi dbi véi pho ké
BSE 8 in kha rd véi 16p 16t ddng va wolfram. Lép 16t wolfram cho hiéu suét ghi cao
nhét so véi cac kim loai con lai, 16p 16t day 2 in cho hiéu suat cao nhat.

Véi pho ké BSE 8 in 16t chi, sy khéc biét giira Iop 16t 1 in, 1.5 in va 2 in 1a
khong déng ké khi ning luong neutron 16n hon 20MeV.

TOm lai, vai pho ké BSE 8 in, 16p 16t kim loai day 2 in bang dong hoic bang
wolfram c6 thé duoc sir dung. D4i véi 16p chi, bé day nay co thé chon bang 1 in.

3.2.2.4. Anh huéng cua bé day 16p kim loai 1én pho ké BSE 12 in

Hiéu suat caa BSE 12 in voi 16p 16t 0.5 in kim loai rat thap. Pudng cong
hiéu suat cia BSE 12 in véi 16p dong 2 in ¢6 dau hiéu suy giam khi neutron c6 ning
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lwong trén 100MeV. Véi hai kim loai con lai, hiéu suat ghi caa 16p 16t 1.5 in va 2 in

gan bang nhau.

Anh huéng ciia bé day kim loai 1én Anh huéng ciia bé day kim loai 1én
BSE 12 in 16t dong BSE 12 in 16t chi
2.0E-02 - 4.0E-02 +
“S 1.0E-02 - "8 2.0E-02 -
= L =
< o
= 4 = 7/
7 - //':_' -
0.0E+00 e - - 0.0E+00 - - — -
10E-07  1.0B-04  10E-01  1.0E+02 10E-07 10E-04 10E-01 1.0E+02
Ning lugng trung binh (MeV) Ning lwgng trung binh (MeV)
Anh hwéng ciia bé day kim loai 1én
BSE 12 in 16t wolfram
4.0E-02 Chu thich
~ - —=035in lin
S
"5 2.0E-02 - !
& / — - 135in 2in
= .
//
0.0E+00 e

1.0E-07 1.0E-04 10E-01  1.0E+02
Ning luwgng trung binh (MeV)

Hinh 23. Anh hwéng cia bé day kim loai 1én BSE 12 in

Dbi voi phd ké BSE 5 in va BSE 7 in, anh huong caa bé day kim loai 1a
khong dang ké. Tuy nhién, d6i voi BSE 12 in, sy anh hudng nay kha rd. Puong
cong hiéu suat caa chi va wolfram it bién dong trong ving ning luong cao trén
10MeV. Nhitng duong cong hiéu suat it bién dong nay s& cho két qua tot hon trong
qua trinh giai cuon dé tim pho neutron.

Mic du I6p 16t day 2 in cho hiéu suat ghi cao nhat dbi véi neutron trén
10MeV. Nhung dbi véi do dac thuc té, van dé khdi lugng kha quan trong. Lép 16t 2
in bang wolfram ding cho BSE 12 in s& niang 100kg. Chinh vi vay, d6i voi BSE 12
in, c6 thé giam bé day cuaa 16p kim loai xudng con 1.5 in. Véi neutron nam trong
viing 50-100MeV, hiéu suat ghi ciia BSE 12 in véi 16p 16t kim loai day 1.5 in va 2

in cing khong khac nhau nhiéu.
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gom:
1

KET LUAN

Sau thoi gi‘an thug hiél’} dé tai “Tinh toan hiéu suét cua detector do neutron
Bonner Sphere bang phan mém md phong MCNP5”. Cac ket qua dat duoc bao

Vé kién thirc va ki niang: nam virng hon vé cac ky thuat ghi nhan neutron; c6
thém ki nang sir dung chuong trinh m6 phong MCNP5 va MCNPX; phat
trién kha nang bién luan va nhan xét sé liéu.

Vé két qua cong viéc da dat duoc:

i
i

M6 phong duoc phd ké BSS va BSE.

Hiéu suat ghi neutron cua BSS phu thudc va huéng téi cua chim
neutron so Vvai truc detector. Déi véi BSS kich thudc 16n (trén 8 in),
su anh hudng nay khong dang ké. Nguyén nhan chinh gay ra sy khac
biét nay la do vi tri cua tinh thé Li-glass trong qua cau polyethylene.
Do giau cua cac dong vi trong 16p 16t kim loai hau nhu khong c6 anh
huong dén kha ning ghi nhan neutron caa BSE.

Wolfram la vat liéu 1y tuong cho 16p 16t kim loai cua BSE.

Bé day tdi uu cua Iop 16t kim loai dwgc thao luan. V&i cac BSE 5 in
va BSE 7 in, 16p kim loai day 1 in da du tét. Vi BSE 8 in, I6p ddng
hodc wolfram c6 thé day 2 in va 16p chi day 1 in. Voi cac BSE 12 in,
bé day kim loai duoc giam con 1.5 in cha yéu vi van dé khéi lugng.
Sy sut giam hiéu suat cia BSE 12 in véi 16p 16t 2 in dong & 105MeV
(Hinh 23) kha khd giai thich.

Céc do dac trong thuc té c6 thé duoc cai thién nhd vao céc két qua va
thao luan dugc trinh bay.
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KIEN NGHI

~ Bén canh phan két qua thu dwoc, mot s0 yeu to khéc cling ¢6 thé dnh husng
den kha nang ghi nhan neutron cua pho ke, chang han nhu:

Véi qua cau 12-in, ca hai loai pho ké BSS va BSE dé cho gia tri hiéu suét
thip hon han. Polyethylene ¢ chira hydro va carbon Ia hai chét c6 kha ning 1am
cham rat t6t. Tuy nhién, hat nhan hydro hap thu neutron. Ngoai sy ro ri, hip thu
neutron trong qué trinh 1dm cham 1a nguyén nhan gay giam hiéu suat ghi. Chat lam
cham c6 thé duoc thay bang nuée nang. D,O c6 thé thay thé polyethylene vi deuteri
it hap thu neutron hon. Can c6 nhiéu nghién ctu ki hon vé kha ning thay thé cua
nuéc nang cho pho ké BSE va BSS 12 in.

Trong qua trinh mé phong, kha nang ghi nhan cia detector dugc thé hién qua
s6 hat alpha duoc tao thanh trong tinh thé Li-glass, tac dong cia tia gamma dugc bod
qua. Vi du nhu khi hydro hip thu neutron nhiét, phan wng *H(n,g)’H c6 thé xay ra.
Trong truong hop nay, tia gamma phat ra c6 nang luwong khoang 2.2MeV (Lamarsh
& Baratta) co thé tac dong Ién detector. Trong thuc té, tia gamma duoc tao thanh tir
cac phan (ng hap thu neutron c6 thé 1am cho céc ion Ce®" trong chit nhap nhay phat
sang, 1am thay d6i hiéu suit ghi. Thay d6i cua hiéu suat do dong gop cua tia gamma
cling 13 mot van dé dang dugc quan tam.

Trong qua trinh do dac thuc té, cac théng sb ky thuat cua hé do (ching han
nhu thanh phian va kich thuéc cua tinh thé Li-glass, khdi luong riéng cua
polyethylene, nhidu dién tir, d6 rong caa chim neutron) cé thé thay doi. Do do, cac
hé s6 hiéu chinh phai duoc tinh toan thém dé dam bdo tinh chinh xéac cua két qua
do.
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PHU LUC
Phu luc A

1. Input file cho phé ké BSS 12 in, 6=90°

1- c cell
2- 12 -25 -9 -34imp:n=95637 $ Li - glass crystal
3- 20 -10 -24#2imp:n  =19226 $ vacuum around Li - glass
4- 33 -22( -4 -106)( -6 -128)imp:n=13663 $ glass tube
5- 41 -27(0 -11 -26):(12 -148 -5)( -11 -12)imp:n=8109 $
Al case around glass tube
6- 51 -27@15 -16 -817):( -16148 -7)im p:n=1$ Al case
around PM
7- 60 -15 -817imp:n=0 $PM
8- 714 -0.92 - 185 #2 #3 #4 #5 imp:n=4698 $ polyethylen
9- 724 -0.92 -184 185 #2 #3 #4 #5 imp:n=1189 $ polyethylen
10- 734 -0.92 -183184 #2 #3 #4 #5 imp: n=181 $ polyethylen
11- 744 -0.92 -182183#2 #3 #4 #5 imp:n=42 $ polyethylen
12- 754 -0.92 -181 182 #2 #3 #4 #5 imp:n=13 $ polyethylen
13- 774 -0.92 -180 181 #4 #5 #6 #7 imp:n=5 $ polyethylen
14- 784 -0.92 -18180 #4 #5 #6 #7 imp:n=1 $ polyethylen
15- 8018 -19#6#7imp:n=1$ cosmos
16- 9 0 19 imp:n=0 $ outside cosmos
17-
18- C surface
19- 11 px 0 $ top Al cap, center sphere
20- 21px -0.2$ bottom Al cap
21- 31px -0.7 $top Li - glass
22- 41px -1.1$bottom Li - glass, top glass tube
23- 51px -4.58$%Alcase
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24-

25-

26-

27-

28-

29-

30-

31-

32-

33-

34-

35-

36-

37-

38-

39-

40-

41-

42-

43-

44-

45-

46-

47-

48-

49-

50-

61px -4.7%Alcase

71px -10.5%Alcase

8 1px -11.7 $hottom glass tube
91cx0.2%Li - glass cylinder

10 1 cx 0.5 $ cylinder of front glass tube
11 1 ¢x 0.7 $ cylinder of front Al case

12 1 cx 0.6 $ cylinder of rear glass tube

141 c¢x 0.9 $ cylinder of rear Al case

15 1 cx 2.14 $ inner cylinder of Al case of PM
16 1 cx 2.54 $ outter cylinder of Al case PM
17 1 px -29 $ bottom of Al case PM

18 so 15.24001 $ polyethylen

19 so 500 $ cosmos

20 px 20 $ neutron source plane

¢ geometry split sphere

180 so0 12.7

181 so0 10.16

182 so 7.62

183 s0 5.08

184 so 2.54

185s0 1.27

c data

mode n

m1 13027.60c 1

m4 1001.60c 0.6667

6000.60c 0.3333
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51- m2 3006.60c 0.02162 3007.60c 0.00114

52- 14000.60c 0.02276 8016.60c 0.04552

53- m3 14000.60c 1 8016.60c 2

54- nps 300000

55- mt4 poly.01t $SAB treatment at 30 0K

56C ========= Source Card

57- sdef erg=dl par=1 axs= 1 0 0 ext=0 vec=1 0 0 pos=20 0 O
rad=d2 dir= -1

58- sille -84.14e -7

59- spl01

60- si2 0.0001 15.24

61- sp2 -211

62- r100000 -1010 -100 $rotate 90 0

63- c=========== Tally Card =====

64- f4:n 2

65- FM4 (0.02276 2 207)

2. Input file cho phé ké BSE 8 in 16t chi

1- 8-in BSE Pb

2- c cell

3- 12 -25 -9 -34imp:n=16555 $ Li - glass crystal

4- 20 -10 -24#2imp:n=3311 $ vacuum around Li - glass

5- 33 -22( -4 -106):( -6 -128)imp:n=1197 $ glass tube

6- 41 -27(10 -11 -26)(12 -148 -5)( -11 -12)imp:n=766$ Al

case around glass tube

7- 51 -27 (15 -16 -817):( -16 148 -7) imp:n=1 $ Al case
around PM

8- 60 -15 -817imp:n=1 $PM

9- 7014 -0.92 -1801 #2 #3 #4 #5 imp:n=104 $ polyethylen inside
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10-
inside

11-

12-
outside

13-
outside

14-

15-

16-

17-

18-

19-

20-

21-

22-

23-

24-

25-

26-

27-

28-

29-

30-

31-

32-

33-

34-

702 4 -0.92 1801 -18 #2 #3 #4 #5 imp:n=12 $ polyethylen

7105 -11.35 -18118#4 #5imp:n=7 $ lead layer

7214 -0.92 181 - 1821 #4 #5 #6 #7 imp:n=3 $ polyethylene

722 4 -0.92 -1822 1821 #4 #5 #6 #7 imp:n=1 $ polyethyelen

8 01822 -19#4 #5 #6 #7 imp:n=1 $ cosmos

9 0 19 imp:n=0 $ outside cosmos

C surface

1 px 0 $ top Al cap, center sphere

2 px -0.2$bottom Al cap

3px -0.7 $top Li - glass

4 px -1.1 $bottom Li - glass, top glass tube
5px -453$Al case

6 px -4.7%Alcase

7px -10.5% Alcase

8 px -11.7 $bottom glass tube

9cx0.2$Li - glass cylinder

10 cx 0.5 $ cylinder of front glass tube

11 cx 0.7 $ cylinder of front Al case

12 ¢x 0.6 $ cylinder of rear glass tube

14 ¢x 0.9 $ cylinder of rear Al case

15 cx 2.14 $ inner cylinder of Al case of PM

16 cx 2.54 $ outter cylinder of Al case PM
17 px -29 $ bottom of Al case PM

18 so0 3.81 $ polyethylen

40



35- 19 so 500 $ cosmos

36- 20 px 20 $ neutron source plane

37- ¢ geometry splitting sphere

38- 1801 so 1.27 $ polyethylene inside

39- 181 s06.35 $ lead

40- 1821s08.35% polyethylene outside

41- 1822 so 10.16001 $polyethylene outside

42-

43- c data

44- mode n

45- m1l 13027.24c 1

46- m2 3006.66c 0.02162 3007.66¢c 0.00114

47- 14028.24¢ 0.02276 8016.24c 0.04552

48- m3 14028 .24c 1 8016.24c 2

49- m4 1001.24c 0.6667

50- 6000.24c 0.3333

51- m5 82206.24c¢ 0.255 82207.24c 0.221 82208.66¢ 0.524

52- mt4 poly.01t $SAB treatment at 300K

53- nps 300000

54- c=========== Source Card ====

55- sdef erg=d1 par=1 pos=20 0 0 rad=d2 ext=0 axs=1 0 0 vec=1 0
Odir= -1

56- sil 25.844.7

57- spl01

58- si2 0.0001 10.16

59- sp2 -211

60c== ========= TallyCard ==
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62-

f4:n 2

FM4 (0.02276 2 207)
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Phu luc B

1. BSE véi 16p 16t dong

Hiéu suit ciia BSE 5 in 16t dong

Hiéu suit ciia BSE 7 in 16t dong

3.0E-02 ~ 2.4E-02 ~
£ 2.08-02 - S 16E-02 -
\(g \{é ‘//\ .
3. = . N
= 1.0E-02 - &2 8.0E-03 - 4 <’
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0.0E+00 . . 0.0E+00 . .
1.0E-07 1.0E-03 1.0E+01 1.0E-07 1.0E-03 1.0E+01
Néng lwgng trung binh (MeV) Ning lwgng trung binh (MeV)
Hiéu suét cia BSE 8 in 16t dong Hiéu suét ciia BSE 12 in 16t dong
1.2E-02 8.0E-03 -
o &6.0E-03 -
< 8.0E-03 - L ‘
= -1 /
z Z4.0E-03 - 4
z &
=" 4.0E-03 - =
2.0E-03 -
/
J
0.0E+00 T T 0.0E+0Q o=t== e T T
1.0E-07 1.0E-03 1.0E+01 1.0E-07 1.0E-04 1.0E-01 1.0E+02
Néng luwgng trung binh (MeV) Ning luwgng trung binh (MeV)
Déng tinhién - - - Cu- 63 Cu-65

Hinh 24. Hiéu suit caa BSE 16t dong
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2. BSE vai lop 16t chi

Hiéu suit ciia BSE 5 in 16t chi Hiéu suit ciia BSE 7 in 16t chi
3.0E-02 - 2.48-02
vl
- /’” TN -
& 2.0E-02 - \ S 1.6E-02 - A\
z z s
& 1.0E-02 - p £50E-03 | g
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0.0E+00 . T .
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5 . 1.0E-07 1.0E-04 1.0E-01 1.0E+02
Nang lwgng trung binh (MeV) Niing lwgng trung binh (MeV)
Hiéu suit ciia BSE 8 in 16t chi LoE 02I-Ii(feu suét ciia BSE 12 in 16t chi
1.6E-02 - '
~ 1.2E-02 - e .03 -
€ éS.OE 03
s 3
S 8.0E-03 - z
E. £4.0E-03 -
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1.0E-07 1.0E-03 1.0E+01 1.0E-07 1.0E-04 10E-01 1.0E+02
Ning lugng trung binh (MeV) Néang luwgng trung binh (MeV)
—Chi tir nhién ----- Pb-208 Pb-207 oo Pb-206

Hinh 25. Hiéu suit caa BSE I6t chi
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3. BSE vai lop lot wolfram

Hiéu suit ciia BSE 5 in 16t wolfram Hiéu suit ciia BSE 7 in 16t wolfram
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—_ |
’ I
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v
. £ 8.0E-03 -
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Niing lwgngng trung binh (MeV) Ning lrgng trung binh (MeV)

Wolfram ty nhién W-182 —  -W-184 ----- W-186

Hinh 26. Hiéu suat caa BSE 16t wolfram
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