Tap chi KHOA HQC BHSP TPHCM Sé6 51 niam 2013

XAC PINH THOI GIAN BAN RA, PO RONG MUC VA HAM LUC
DICH CHUYEN E1 CUA “Ti BANG PHAN UNG “Ti(n, 2y)*Ti

NGUYEN AN SON’, PHAM DINH KHANG~, NGUYEN BU'C HOA™

TOM TAT

Thuec nghiém nay nghién ciu phan izng “X(n, 27)**X véi hgt nhan bia **Ti trén chum
notron nhiét tai kénh s¢ 3 cua Lo phan ing Pa Lat. Hé phé ké thic nghiém 1a hé tring
phung gamma-gamma ghi do theo phwong phdap “su kién-su kign”. Bai bao trinh bay mgt
s6 két qua nghién cizu cira “°Ti véi cac chuyén doi néi tang thu diwoc tir thuc nghiém. Thoi
gian ban ra, dé réng mirc va ham lyc dich chuyén EI dwoc tinh todn dia trén mau don
hat.

Tar khoa: phan ang “X(nw, 2y)**X, thoi gian ban ra, do rong phong xa riéng phan,
ham luc E1.

ABSTRACT

Determinating the level of half-life, the gamma width level and the E1 transition
strength of *V by *V(ny,, 29)°2V reaction

In this experiment, we studied “X(n, 27)**'X reaction on **Ti which is activated by
thermal neutron of 3" channel in Da Lat nuclear power station. The experimental system
iS gamma-gamma coincidence recorded with the ““event-event” method. This report
presents some results of “*Ti from the gamma two-step cascade energies experiment. The
level of half-life, the gamma width level and E1 transition strength are calculated single
particle model.

Keywords: “X(ng, 2y)**'X reaction, the level half-life, gamma width level, E1
transition strength.

1. Mé dau

Hat nhan “Ti 1a hat nhan nhe, c6 céu trac don gian, khong suy bién. Céac nghién
ctu trude day nhu cua P. Carlos va cac cong su [3] da x&c dinh dugc spin ¢ mac 8,1
MeV la 1/2*. Sau d6, bang phan @ng (d, p), P. Fettweis va M. Saidane [4] d& nghién
ctu va do dac dugc mot sé mirc trung gian, cd su khac biét so vagi cong trinh [3] d&
cong bd. Bao cao tiép theo cua J.F.A. Ruyl va cac cong su [1] d4 tinh dugc mot s6 ham
lyc dich chuyén M2 cia mot sé nang lwong gamma.

"NCS, Truwdng Dai hoc Ba Lat
" TS, Trung tam dao tao Hat nhan Ha Noi
" PGS TS, Trwdng Dai hoc Da Lat
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Trong thyc nghiém nay, st dung bia mau **Ti, dugc kich hoat bang notron nhiét
tai kénh ngang sb 3 cia Lo phan tng Da Lat véi phan tng hat nhan “Ti(ng, 2y)*°Ti. He
thuc nghiém la hé trung phung gamma — gamma ghi do theo phuong phap su kién — sy
kién. Hé duoc xay dung thanh cong vao cudi nam 2005, muc dich chinh cua cac nghién
ctru trude day trén hé thuc nghiém nay 1a nghién ciu cau trac hat nhan [5].

Trén két qua thu dugc caa chuyén doi ndi tang, ching tdi tinh toan mot sb gia tri
dic trung cua hat nhan *Ti nhu thoi gian ban rd, do rong mac va tinh toan ham luc
chuyén doi ludng cuc dién E1 cua cac chuyén doi tir trang théi kich thich B, vé trang
thai co ban.

2. Co'sé li thuyét

Do rong muc toan phan caa chuyén doi gamma (I,) ciia mot trang thai kich thich

phu thudc vao thoi gian sbng trung binh cia mic (o) [2]:

r-" 1)

T

trong d6, h 12 hang sé Dirac. Thoi gian song trung binh lién hé véi thoi gian ban ra theo
cbng thic:
t,,=1,,In2 (2)
Ap dung véi mau don hat, thoi gian ban rd cia mac dugce xac dinh theo dich
chuyén dién tir véi [2, 6]:
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trong d6: L 1a bac da cuc cua buc xa gamma, E 1a nang lugng cia bic xa gamma
(keV), R la ban kinh hat nhan, e?=1.440x10"°keV.cm, p2=1.5922x10%keV.cm?.

Néu & cling mot trang thai kich thich c6 nhiéu biic xa gamma phét ra thi do rong
murc riéng phan cia bic xa gamma thu i (I',;) dugc cho bai:

Fyi = FY B.Ryi (4)
trong d6, B.R(,;) 1 hé s6 r& nhanh caa buc xa gamma tht i. H¢ s6 r& nhanh dugc xac
dinh:

I
B.R = —-x100% (5)

tot
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voi 1 1a cuong d6 chuyén doi caa buc xa gamma thir i, Iy 1a cuong do tong cong cua
mot muc nang lugng.
Ham lyc chuyén doi dién, tir cua birc xa gamma |M(EL,ML)|2 duoc xac dinh tu do
rong buc xa theo cong thire [2]:
I, (ELML)
I (EL,ML)

ywu

IMELML)[ = (don vi W.u.) (6)

I (EL,ML)la d6 rong phong xa riéng phan cua dich chuyén dién tir theo don vi

yWu
Weisskopf (W.u).
Truong hop dich chuyén hén hop tir cuc dién va ludng cuc tir (E2 + M1) thi do
rong muc riéng phan caa chuyén doi ta cuc dign T'(E2) va ludng cyc tir I',(M1) s& Ia:
r,(M1)+ T(E2) = T, (7)
Cuong d6 chuyén doi gamma ndi tang dugc xac dinh ti 1& véi dién tich cua dinh
ning luong chuyén doi:

7= ®

z Siv—"/

1

trong d6, S 1a dién tich d& chuan hiéu suét cia dinh th i trong chuyén doi ni tang.
3. Thuc nghiém

Do dac thuc nghiém trén bia mau Titan tu nhién. B phd bién va tiét dién bat
notron cia cac ddng vi Titan trong bia mau tuong wng 1a: “°Ti 8,25%, o = 0,6 barn; *'Ti

7.44%, ¢ = 1,6 barn; *®Ti 73,72%, ¢ = 7,9 barn; “°Ti 5,41%, = 1,9 barn; °°Ti 5,18%, &
=0,179 barn. [7]

Thoi gian do thuc nghiém 1a 300 gid. G6c do bé tri giira chum notron, bia mau va
detecto duge dit sao cho Xxac suét ghi bic xa gamm phét ra tir bia mau 1a I6n nhét.
Trong thuc nghiém nay, bia mau dat léch 45° 50 v§i chum notron, hai detecto duoc dat
d6i xtng nhau 180°. Théng lugng notron nhiét tai vi tri dat mau ~10°n/cm?/s, hé sb
cadmi 1a 900 (do v&i hop cadmi day 1 mm).

Quaé trinh hoat dong cua hé thuc nghiém c6 thé mé ta tém tit nhu sau: tin hiéu
nang lugng tur hai detecto dugc khuéch dai va tao dang béi khdi khuéch dai (Amp.
572A). ADC 7072 bién dbi tin hiéu 16i ra caa khdi khuéch dai thanh tin hiéu dang s6.
Tin hiéu thoi gian tir hai detecto duwoc khdi khuéch dai nhanh (TFA 474) khuéch dai va
tao dang. Tin hiéu 16i ra tir TFA 474 di vao khdi gat ngudng hang (CFD 584). Lbi ra
cua hai CFD di vao ngd start va stop cua TAC, trong d6 c6 mot duong tin hiéu cua Idi
ra CFD dugc danh tré mot khoang ti & véi thoi gian cua cira s6 tring phang. Ldi ra
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valid convert cia TAC mang tin hiéu diéu khién, dung diéu khién ADC 7072 cho phép
hay khdng cho phép bién di. Tin hiéu I6i ra caa TAC la tin hiéu tuong tu duoc bién
d6i sang tin hiéu dang s6 boi ADC 8713, mang thong tin vé mat thai gian.

Energy Input Amp. Qutput In 8K ADC
Ortec FAST CompTec | Energy |, 8K
| [—————" Timing 572A UNI 7072
—_—
® Gate Out
3
- CFD
8 = Input | TFA |OQutput Input o Out, NIM Valid Convert In
bl Ortec fee
T 474 584 P
=
2 i
start| Tac 16K ADC 7
e e HV Delay Stop | Ortec | _In) Canberra | Time, 1K > 8 Computer
n ———+- utpu Ortec Canberra out 566 8713 1
—— 660 2088 |~ 1
Gat Qut
lln - = R
_w Qut, NIM
o g input | TFA |output Input| SFD
8 % i » Ortec L 2 Ortec
3 474 584
Gate Out
| A———— I Timing Al 8K ADC
Input mp. Output In
| PP Ortec 2 FAST CompTec | Energy Z'BK>
Energy 572A i 7072

Hinh 1. So d6 hé thic nghiém [5]

4. Két qua va thao luan
4.1. Ning lwong, cwong dp twong doi, spin, mirc trung gian cia cap chuyén doi ndi
tang

“*Ti 14 hat nhan chan — I, gdm 22 proton va 27 notron. O mirc co ban spin va do
chan ¢ caa *“Ti 12 7/2". Theo Ii thuyét khi bat notron song s, hat nhan & dang hop phan,
c6 spin va do chan Ié kha di 12 J* + 1/2. Két qua cua nhirng nghién ciru trude day cho
thay “°Ti ¢ trang thai hop phan khi bét notron c6 spin va do chan I¢ 1a 1/2*. [1,3,4,8]

Bdng 1. Mgt sé két qua thuec nghiém thu duoc tir phan ing “®Ti(n, 29)*°Ti

ElkevV)  E2(kev) Ey(kev) SPInthec SpinRef.r 100) %)
nghiém | [1,3,4] | Thucnghiém | Ref.[8]

E1+ E2 = 8142,50 keV, Ef = 0 keV

676108 138142 138142 | 312 32 | 46,300(269) | 46300

6556,06 158544 158544 |  3/2° 32 | 5919(312) | 5,090
E1 + E2 = 6761,08 keV, Ef = 1381,42 keV

641004 34129 172296 | 12 12 | 4145(437) | 24,280

496686 179347 317514 | 12 12 | 2703(213) | 2570

471383 204650 342817 | 12 32 | 0494(104) | 0,260
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4353,78 2405,54 3788,22 1/2° 3/2° 0,468(231) 0,211

3920,73 2839,60 422127 | 1/2°, 3/2 1/2 1,561(311) 0,299

3026,62 3733,71 5115,38 | 3/2,1/2 1/2 2,626(367) 1,310

El + E2 = 6419,04 keV, Ef = 1722,96 keV

3920,73 2498,55 422127 | 1/2°, 3/2 1/2 0,999(102) 0,299

3475,68 2943,61 4666,32 312 1/2 2,175(078) 0,940

3026,62 3389,66 5115,38 | 3/2,1/2 1/2 1,045(095 0,020
El + E2 = 3260,38 keV, Ef = 4882,12 keV

1498,43 1761,46 1761,57 3/2° 512 10,203(167) 4,890

1674,45 1585,44 1585,55 3/2° 3/2° 2,292(134) 0,397
El + E2 = 3175,14 keV, Ef = 4966,86 keV

1793,47 1381,42 1381,53 3/2° 3/2° 7,324(209) 2,570

Ghi chi: E; (keV) 1a ning luong cua tia gamma so cap, E, (keV) la ning luong
cua tia gamma thar cap, E, (keV) la niang lwong mirc trung gian, l,, (%) la cuong do
chuyén doi ndi tang. Sai s6 niang lwong 1 keV.

Két qua thuc nghiém do dugc 14 cap chuyén doi néi ting bac hai voi nang lwgng
va cuong do chuyén doi dugc xac dinh. Két qua cuong do chuyén doi c6 mot sé khéc
biét so véi da cong bé [8]. Piéu nay c6 thé 1a do mot sé mic trong xac dinh cuong do
bang viéc lay tong cuong do theo phuong phap (n, 7).

V&i quy tic xac dinh spin va bac da cuc cua chuyén doi, ching t6i da tinh toén va
sap xép duoc cé4c spin va do chan ¢ kha di ciia cac mirc ma thyc nghiém do duoc.

4.2. Thei gian ban ra, dé rgng mac va ham lec dich chuyén E1

Két qua thuc nghiém duoc trinh bay ¢ Bang 2. Trong bai b4o nay, ching toi st
dung cong thuc (2) dé xac dinh thoi gian séng caa mic. Do rong mire dugce tinh theo
cong thirc (1) va (4). Hé sb r& nhanh dugc tinh tir két qua do dac thuc nghiém vé cudng
d6 chuyén doi & Bang 1 két hop vaéi cach tinh tir cong thire (5). Hinh 2 trinh bay sy phu
thuoc cua luc chuyén doi E1 theo cac ving nang lugng tir khoang 2,5 MeV dén 7,5
MeV.
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Bdng 2. Thoi gian song cua mize, dg rong muzc va ham lyc dich chuyén E1

cua *Ti do dac thiec nghiém tir phan iing “®Ti(n, 27)*°Ti

Nang

lgng | NAng | Loai | HESO Ty, | Do rong mitc )

.~ | lwgng | dich | rénhanh |M (ED)|

mirc dau (keV) |chuyén (%) (s) L,i(eV)

E; (keV)
6761,08| E1 67,66(39) | 1,634E-18 | 188,909(998) | 0,6763(0039)
6556,06 | E1 8,65(46) 1,792E-18 | 22,021(861) | 0,0865(0046)
6419,04 | E1 6,06(64) 1,909E-18 | 14,474(826) | 0,0606(0064)
4966,86 | E1 3,95(31) |4,121E-18 | 4,373(345) | 0,0395(0031)

8142,50 | 3920,73 El 2,28(45) 8,379E-18 | 1,242(247) | 0,0228(0045)
3026,62 | E1 3,84(55) 1,821E-17 | 0,961(138) | 0,0384(0055)
3920,73 | E1 1,46(15) 8,379E-18 | 0,795(081) | 0,0146(0015)
3475,68 El 3,18(11) 1,203E-17 | 1,205(043) | 0,0318(0011)
3026,62 El 1,53(14) 1,821E-17 | 0,382(034) | 0,0153(0014)

1381,42 ({1381,42| E2 100,00(58) | 1,056E-11 0,000043

1585,44 | 1585,44 | E2 |100,00(527) | 5,302E-12 0,000086

1381,42 ({1381,42| M1l 100,00(58) | 8,352E-15 | 0,055(003)

1585,44 | 1585,44 | M1 |100,00(527) | 5,525E-15 | 0,083(004)

1722,96 | 341,29 | M1 |100,00(865) | 5,538E-13 | 0,001(000)

1761,46 | 1761,46 | M1 |100,00(164) | 4,028E-15 | 0,113(002)

3175,14 | 179347 | M1 |100,00(788) | 3,817E-15 | 0,120(009)

3260,08 1498,43 | M1 81,65(134) | 6,544E-15 | 0,057(001)
1674,45| M1 | 18,35(107) | 4,690E-15 | 0,018(001)

3428,17 | 2046,50 | M1 |100,00(871) | 2,569E-15 | 0,178(037)

3788,22 | 2405,54 | M1 |[100,00(994) | 1,582E-15 | 0,288(142)

422127 2839,60 | M1 60,96(985) | 9,616E-16 | 0,289(058)
249855 | M1 39,04(398) | 1,412E-15 | 0,126(013)

4666,32 | 2943,61 | M1 |100,00(359) | 8,632E-16 | 0,529(019)

5115,38 3733,71| M1 71,54(924) | 4,230E-16 | 0,772(110)
3389,66 | M1 28,46(256) | 5,653E-16 | 0,230(021)
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Hinh 2. Ham liec chuyén doi EI theo ndng lwong

Két qua tinh toan cho thay thoi gian béan rd nam trong khoang 1078 d¢én 10™s, do
rong cac mac <190 eV, d6 rong miac giam dan theo dang dich chuyén dién tir va bac da
cuc theo quy luét: ludng cuc dién, ludng cuc tir va nho nhat 13 te cuc dién. Ham hec
chuyén doi E1 manh nhét ¢ viing B, dich chuyén ning luong khoang 6.3 MeV dén 6.7
MeV Vé trang thai c6 mirc nang lwong thap gan co ban.
5. Kétluan

Bing thuc nghiém nghién ctu, do dac phan tng *®Ti(n, 2y)*Ti trén dong notron
nhiét tai kénh ngang s 3 cua Lo phan tng Pa Lat, chiing t6i d& ghi nhan dwoc 14 cap
chuyén doi ndi tang. Trén co s st dung |f thuyét mau don hat, tinh toan dugc thoi gian
ban ra, d6 rong mic va ham luc chuyén doi E1. Két qua tinh todn mot sé muac chuyén
doi ndi ting cho thay hat nhan “Ti phu hop vai I thuyét cia mau don hat.
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