DOI: 10.31276/VIST.64(1).01-04 Khoa hoc Tu nhién n—
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Tom tit:

Chuyén doi gamma ndi téng bac hai twong @ng voi phan ra ndi téng tir trang thai hop phén (nang lwong 6.062,93
keV) veé trang thdi co ban cia hat nhin '**Ta dwgc nghién ciru thong qua phan ing "*'Ta(n,y)'*Ta sir dung nguon
notron nhiét tir kénh ngang s6 3 ciia 10 phén @ng hat nhan Da Lat va hé pho ké trung phung gamma-gamma. Két
hop va so sanh véi cac so li¢u hién c6 trong thu vién s0 li¢u hat nhén (ENSDF), cac tac gia da xac dinh duec thir
tu chuyen doi ciia 20 cip gamma ndi tang, tir do xay dung so do mirc riéng phan twong ung cho 182Ta, Trong s0 cac
chuyen doi gamma va mire kich thich, xac dinh dwec 17 chuyen doi so cap, 1 thir cap va 20 mire kich thich trung
gian. Két qua nay hoan toan phu hop véi cac s0 liéu hién c6 trong ENSDF. Nhu vay, cdc mirc va chuyen doi gamma
con lai (3 chuyén doi so cAp va 19 thir cip) dwoc xéc dinh 1a cac dir liéu méi. Dai spin kha di (2, 3, 4) h ciing dwoc

gan cho cic murc kich thich trung gian duwgc xidc dinh trong nghién ctru nay.

Tir khéa: hat nhan *2Ta, phén ing (n,y), phdn rd gamma ndi ting béc hai, so' d6 mirc hat nhan.

Chi s6 phén loai: 1.3

Tony quan

Mot trong cac thong tin quan trong khi nghién ciru cau
trac hat nhan 13 so d6 muc hat nhan. So d6 nay khong chi
1a co s dé danh gid, kiém chimg nhiéu mo hinh Iy thuyét
Ve céu trac hat nhén (tiéu biéu 1a mau 16p), ma con la thong
s6 dau va0 quan trong trong tinh toan toc do cua cac phan
ung tong hop hat nhan xay ra trong mdi trudong thién van
sir dung 1y thuyét Hauser-Feshback (1952) [1]. Gia trj tdc
d6 phan tmg nay c6 vai tro didc biét quan trong ddi véi cac
nghién ctru vé sy hinh thanh, phat trién va lui tan cua cac
ngdi sao trong vii try [2]. So 6 muc hat nhan bao gdm sy
sap xép theo ning lugng cua cic muc kich thich hat nhan;
cac ddc trung luong tir cia cac muc kich thich do nhu spin
va do chin 1é; cuong do ciia cac chuyén doi gamma khi hat
nhan chuyén tir trang thai kich thich c6 niang lugng cao vé
cc trang thai c6 nang luong thip hon. Boi vi su phic tap va
da dang vé thong tin, viéc xac dinh so d6 mirc hat nhan gap
nhiéu kho khan do khong co thi nghiém nao c6 thé cung cap
toan bo cac thong tin can thiét dé thiét 1ap so dd nay day du.
Trong thuc té, cac nha khoa hoc can phai tién hanh nhiéu
thi nghiém, st dung céc loai phan ng va cac kénh phan ra,
cling nhu tmg dung nhiéu k¥ thuat do khac nhau dé c6 thé
thu thap duoc diy du thong tin can thiét cho viéc xdy dung
so dd murc hat nhan [3].

Hat nhan 'Ta nam trong chudi tong hop hat nhan
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(nucleosynthesis) theo tién trinh s (s-process, tién trinh
hinh tong hop nguyén t6 thong qua phan tng bat notron
chém) trong ving Ta-W, do d6 c6 vai tro quan trong trong
nhiéu nghién ctru thién van [4]. Mot trong s6 cac thong tin
quan trong ctia '¥2Ta can thiét cho cac tinh toan tong hop hat
nhén theo tién trinh s 1a so d6 mirc hat nhan. Chinh vi vay,
so dd muc cia '®Ta da duoc nghién ctru thong qua nhiéu
thi nghiém khac nhau va dugc tong hop tai ENSDF [5, 6].
Tuy nhién, hién nay so d6 muc hat nhan cuia '¥2Ta van con
chwa day du. Cuy thé, nhiéu muc kich thich mic du da dugc
phat hién nhung chua xac dinh dugc spin hoac dai spin kha
di, ciing nhu nhidu chuyén doi gamma kha di theo céc tién
doan sir dung quy tic dich chuyén dién tir [7] van chwa dugc
phat hién.

Trong nghién ctru nay, chung toi sir dung hé pho ké trang
phung gamma-gamma dé nghién ctru cac chuyén doi ndi
tang tir trang thai hop phan (ning luong bing 6.062,92 keV)
vé trang thai co ban cta hat nhan '$2Ta, tir d6 x4c dinh ning
lwong va dai spin kha di cua mot s6 murc kich thich trong
so @6 muc '$Ta. Phuong phép trung phing gamma-gamma
[8] ¢6 wu diém vé kha ning loai bo nén phong Compton
cao, cling nhu kha nang phat hién rat t6t cac cap chuyén doi
gamma c6 tuong quan vé mat thoi gian. Diéu ndy mo ra co
hoi phat hién mot s6 chuyén doi gamma m¢i ma cac nghién
ctru khdc chua ghi nhén dugc, gop phan bé sung vao b sb
lidu vé so d6 mirc hat nhan '®2Ta trong ENSDF.
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Abstract:

Two-step gamma transitions corresponding to the
decays from the compound state (6,062.93 keV) to the
ground state of '®2Ta nucleus have been investigated via a
181Ta(n,y)'8?Ta reaction using the thermal neutron beam
from the No.3 neutron channel of the Dalat Nuclear
Research Reactor and a gamma-gamma coincidence
spectrometer. By comparing with data extracted from
the Evaluated Nuclear Structure Data File (ENSDF)
library, the authors have determined the order of 20 pairs
of gamma cascade transitions, and then constructed a
corresponding partial nuclear level scheme of '*Ta.
Based on the detected gamma transitions and levels,
17 primary transitions, 1 secondary transition, and 20
intermediate levels are found to be the same as those in
the ENSDF. The remaining 3 primary transitions and 19
secondary transitions are, thus, considered as the new
data. In addition, a tentative spin range of (2, 3, 4) h.
has been assigned to all the intermediate levels detected
within the present work.

Keywords: nuclear level scheme, nuclear ¥2Ta, (n,y)
reaction, two-step gamma cascade decay.

Classification number: 1.3

Thi nghiém va phuong phap xi 1y sé liéu

Trong nghién clru nay, hat nhan '*Ta ¢ trang thai hop
phan duoc tao ra tir phan ing '#'Ta(n,y)'®*Ta gy boi chim
notron nhiét trén kénh ngang s6 3 ctia 10 phan tng hat nhan
Pa Lat. Thong tin chi tiét vé cach bé tri thi nghiém ciing nhu
thong s dic trung ctia dong notron dugc trinh bay trong tai
lidu tham khao [9]. Bia mau '8'Ta ¢6 khéi lugng x4p xi 1,5
g. Tong thoi gian do hiéu dung 1a 690 gio.

Sau khi hat nhan '®*Ta dugc hinh thanh & trang thai hop
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phan, n6 ludn c6 xu hudng tré vé cac trang thai co ban
(trang thai bén viing nhét) thong qua cac phén rd gamma
truc tiép (xudng trang thai co ban) hodc thir cap (xuong cac
trang thai cé nang luong thap hon roi tir do tro ve trang thai
co ban, goi 1a cac chuyén doi gamma ndi tang bac 2 hodc
da bac) (hinh 1). Phuong phap trung phing gamma-gamma
[8] cho pheép chi ghi nhén cac cap chuyén doi noi tang bac
hai (cac cap ndi tang bac hai nim trong cac ndi tang da bac

cling van dugc ghi nhan). Tuy nhién, c6 thé d& dang phan
biét cac ndi tang bac hai twong tmg vdi qué trinh phén ra
gamma tir trang thai hop phan vé trang thai co ban véi cac
ndi tﬁng béac hai khac béng diéu kién vé téng nang lugng cua
hai chuyén doi. Cu thé, v4i hat nhan '*2Ta, cac ndi tang bac
hai dugc quan tim s& c6 tong nang lwong cua hai tia gamma
ba‘“mg 6.062,939 keV, trong d6 6.062,93 keV la nang lugng
kich thich cua trang thai hop phan va 9 keV 1a d6 nhoe ning
lwong cta hé pho ké tai nang luong nay.

Chuyén doi néi tang bac 2

Trang thai hgp phan

Chuyén doi truc tiép

Cac mure kich thich
trung gian

Trang thai co ban
Y
Chuyén doi ndi tang da bac (s8 bac >2)

Hinh 1. Minh hoa cac qua trinh chuy?an doi gamma trwee tiép, chuyén
doi noi tang béc 2 va chuyén doi néi tang da bac tir trang thai hop
phan xuong trang thai co ban ctia hat nhan kich thich.

Ph6 phan ri gamma ndi ting bac hai tir trang thai hop
phan 6.062,93 keV vé trang thai co ban cua hat nhan '®Ta
dugc trinh bay ¢ hinh 2. Cac cip chuyén doi ndi ting s&
xuét hién trong ph6 ni tang bac hai dudi dang cac cip dinh
dbi xtmg qua tam phd. Vi tri va dién tich cua cac dinh ty 16
tuong Ung voi ning luong va cuong do cua cac chuyén doi
ndi tang.
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Hinh 2. Phé phan ra gamma néi ting bac hai trang thai hop phan
6.062,93 keV ve trang thai co’ ban cta hat nhan "#2Ta.



Dé thuan tién cho viéc phan tich phé chl'mg to1 quy udc
cac chuyén doi tir trang thai horp phén vé muc kich thich
trung glan (c4c chuyén doi so cip) dugc ky hleu la E, va
céc chuyén doi tir muc kich thich trung gian vé trang thal
co ban (cac chuyén doi thir cdp) dwoc ky hiéu 1a £ .- Thuc
te, phuong phép trung phung gamma-gamma cho phép xac
dinh cac cip chuyén doi ndi ting nhung khong cho biét
chuyén doi nao trong cip 1a chuyén doi so cép Trong thi
nghi¢m nay, chiing t61 xac dinh chuyén doi so cip ciia mot
cip chuyén doi gamma ndi tang dya trén thong tin bo sung
tir ENSDF. Cu thé, mdi cip chuyén doi ndi tang chi c6 hai
cach sép xép thu tu, theo do, cach sép xép ¢6 muc kich thich
trung gian thu dugc phu hop véi cac di liéu dang c6 trong
ENSDF duoc cho 1a cach sép xép diing. Cac ciap chuyén doi
nbi ting ma ca hai cach sap xép déu khong phu hop véi s6
lidu di co trong ENSDF s& dugc xép vao cac trudng hop ma
thi tu ctia chuyén doi ndi ting 1a khong xac dinh.

Dbi véi spin cua cac muc kich thich, spin cua murc kich
thich trung gian dugc xac dinh dua trén quy tic dich chuyén
dién tir [7], v6i gia thiét cac chuyén doi gamma thu duoc
trong thi nghiém déu Ia chuyén doi ludng cyc [10, 11]. Theo
quy tic dich chuyén dién tir, dai spin kha di cia mot mirc
kich thich trung gian s€ dugc xac dinh dua theo hé thurc sau:

o= [maz{i; — 1§y — 1) min(fy + 1.3 +1]]
trong do: J, = [3, 4] h 1a spin cua trang thai hop phan va
J.= 3 h la spin cua trang thai co bdn cua hat nhan '*°Ta.
Nhu vay, dua theo h¢ thire trén, dai spin kha di ciia cac muc
kich thich trung gian phat hién trong nghién cttu nay s€ 1a
= /2, 3,4] h.

Két qua va ban luan
Két qua

Trong nghién ctru nay, chung t6i da xac dinh dugc 39 cap
chuyén doi ndi tang bac hai twong img véi phan rd gamma
nbi ting tir trang thai hop phan 6.062,93 keV vé trang thai
co ban cua hat nhan 'Ta. Trong s cac cip chuyén doi ndi
tang, xac dinh dugc 20 cip co thé xac dinh dugc thu ty
(bang 1) va 19 cap khong xac dinh dugc thir tu (bang 2).
Théng tin ctia 20 cip chuyén doi néi tang thyc nghiém voi
thir ty da dugc xac dinh cho phép xdy dung so d6 mirc thyc
nghiém riéng phan tuong tmg voi phan ri gamma ndi ting
béc hai tir trang thai hop phan vé trang thai co ban cta hat
nhéan '%Ta.

So sanh so do mirc riéng ph?m thuc nghiém thu dugc tu
nghién ctru nay véi cac s6 liéu hién c6 trong ENSDF, ching
t6i dd ghi nhan dwoc 3 chuyén doi so cip va 19 chuyén doi
thir cap chua c6 trong ENSDF. Céc s liéu néu trén dugc in
dam trong bang 1.
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Bang 1. So' dé mirc riéng phan thwc nghiém twong (ng v&i chuyén
d&i nbi tng tir trang thai hop phan 6.062,93 keV vé trang thai co’ ban
cua hat nhan "*2Ta.

E, AE, E,  AE, I AL E_ AE JJ (ENSDF)
(heV)  (keV) (keV) (V) - - (V) (V) (B) (W)
55159 10 5471 10 74 16 ST 14 234 3
5335 12 95 12 60 14 7195 17 2,34 3
51529 07 9097 13 73 27 9097 15 2,34 5
51035 12 9594 12 34 12 9594 18 23,4 4
50064 06 10565 06 183 26 10565 08 23,4 3,4
49804 08 10826 09 95 18 10826 12 23,4 34
47932 05 12696 05 467 40 12696 07 2,34 34
47432 11 13197 1199 21 13197 16 23,4 34
46747 14 13880 13 119 20 13880 19 2,34 3.4
46180 05 1449 05 403 37 14449 07 2,34 34
45012 13 14719 13 90 21 14719 18 23,4 34
45648 09 14981 08 226 31 14981 12 2,34 3.4
45343 11 1587 11 16 20 15287 15 2,34 34
44832 08 15793 07 197 28 1593 10 2,34 -
44791 11 15834 10 88 21 15834 15 2,34 34
44585 07 16044 07 168 22 L6044 09 2,34 34
43159 04 1470 04 1000 60 17470 05 23,4 3,4
42197 05 1877 10 92 22 1877 11 2,34 -
41380 06 19246 07 223 30 19246 09 2,34 -
39816 12 20813 12 139 25 20813 17 2,34 -

E, E,vaE_lan luot la nang lwong cta chuyén doi so cép, thir thir cép va mire
kich thich trung gian (keV); AE,, AE, va AE,, 1&n luot 14 sai s6 cla cac nang lwong
chuyén doi so cép, thi thiv cip va muic k|ch thich trung gian (keV); | va Al_ Ian
Iwot la cwdng do twong dbi va sai s6 cwdng do twong déi ctia chuyén dO’I ni tang
béac hai; J_ la spin kha di clia cac murc kich thich trung gian (#); J (ENSDF) la
spin clia cac mirc kich thich trung gian (k) da c6 trong ENSDF. Céc sb liéu dwoc
in dam la cac s liéu méi (chua c6 trong ENSDF [5, 6]).

Bang 2. Cwong dé twong déi cua cac cip chuyén doi ndi tang chwa
xéc dinh dwegc thi tw chuyén doi.

E, AE, E, AE, I AL
(keV) (keV) (keV) (keV) o >

5.150,7 14 9122 15 6,8 27
47572 07 13057 07 24 27
4.582,6 10 14804 12 142 28
45786 10 1.484,6 15 152 29
42915 038 17714 03 173 29
42806 03 1.782,4 03 86,6 6,0
42753 10 1.786,8 07 358 42
42699 07 1.793,0 07 199 31
42260 09 18433 08 93 22
41524 11 19102 09 17,0 25
41117 08 19512 09 90 20
4.106,2 09 1.956,8 09 938 20
40010 08 20620 09 156 26
3976 18 2.086,7 18 99 22
38134 09 22495 09 155 27
37960 11 22669 12 10,6 20
37715 1l 22855 12 8,7 22
37717 14 2291 14 8,6 26
37669 09 22961 08 189 35

Ngoai ra, dai spin kha di ctia cdc muc kich thich tuong
ung xac dinh dugc trong thi nghi¢ém nay cling dugc trinh
bay & bang 1. Mit khéac, cuong do tuong dbi cua cac cap
chuyén doi néi tang phat hién dugc cung cip ¢ bang 1 va 2.
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Céc thao lun sau day s& tiép tuc lam & hon ¥ nghia cta céc két qua
thu dugc trong nghién ctiu nay.

Ban ludgn

Tir bang 1 ¢6 thé thiy, phan 16n cac chuyén doi so cp duoc phat
hién trong thi nghiém do phan rd gamma ni ting bac hai bang h¢ phd
ké tring phuing gamma- gamma da dugc ghi nhén boi cdc thi nghiém
st dung phan tng (n,y) va pho ké gamma truyén thong [12-14]. Trong
khi d6, phan 1on cac chuyén doi thir cdp do duogc trong thi nghiém
ndy déu chua timg duoc ghi nhan boi cac thuc nghiém trude day. Két
qua nay thé hién rd wu diém vuot troi cia phuong phap tring phiing
gamma-gamma trong viée loc lya cic chuyén doi c6 twong quan vé
mgt thoi gian. De thay rang, s luong céc tia gamma co ning luong
thap nhidu hon rat nhidu cac tia gamma c6 nang lugng cao. Do vay,
kha nang phat hién cc tia gamma néng luong cao trong phd gamma
ghi boi cac hé pho ké gamma truyen thong tot hon kha nang phat hién
cdc tia gamma ndng lugng thap Mot trong sb cac nguyén nhan duoc
xéc dinh 1a do hién tuong chong chap dinh trong ving nang lugng
cao cua pho gamma truyén thong it xay ra. Trong khi do, & ving néng
luong thap ctia pho gamma truyén thong, hién tuong chdng chap xay ra
nhleu hon dang ké do s lugng tia gamma dong g0p vao vung phd nay
la rat 16n. Khong nhing véy, ving nang luong thdp ctia phd gamma
truyén thong con bi anh hudng déng ké boi nén phong Compton gy
boi cac tia gamma ndng lugng cao. Phuong phép trung phiing gamma-
gamma cho phép ghi nhan dugc cc phd ndi tng bac hai chi chira céc
tia gamma tuong (mg véi cac phan ra ndi tang bac hai tir trang thai hop
phan 6.062,93 keV vé trang thai co ban ciia hat nhan '2Ta (hinh 2).
Chinh vi véy, viéc str dung phuong phap trung phing gamma-gamma
da gop phin giam dang ké sO lugng cac tia gamma khong mong
muon dong gop vao phd cing nhu loai bo anh huorng cua nén phong
Compton. Ngoai ra, sy chong chap dinh ciing dwoc giam bot, nhd d6
cai thién dang ké kha nang phat hién céc tia gamma c6 nang lugng va
cudng do thap trong phuong phap tring phung gamma-gamma, déc
biét 1a khi so sanh v6i phuong phap phan tich phd gamma truyén thong.

Dii spin kha di ctia cac muc kich thich trung gian ghi nhén trong
nghién nay duoc so sanh v6i cac gid tri trich xut tir ENSDF & bang 1
cho thdy su phu hop rat cao. Chi c6 duy nhat mot truong hop 13 mirc
kich thich c6 nang lugng 909,7 keV ¢6 dai spin kha di khong phu hop
voi gia tri spin trich xuat tr ENSDF. Dic biét, chung t6i lan dau tién
da xéac dinh dugc dai spin khd di (2, 3, 4) f cho 4 muc kich thich trung
gian c6 nang lugng 1.579,3, 1837,7, 1.924,6 va 2.081,3 keV. Cac miic
kich thich nay hién chua c6 thong tin vé gi4 tri spin trong ENSDF.

Két qua bang 1 va 2 ciing cung cap cuong do twong doi cua cac
cip chuyén doi ni tang bac hai twong tmg voi phan ri gamma ndi
ting tir trang thai hop phan 6.062,93 keV vé trang thai co ban cua hat
nhan 'Ta. Thong tin vé cuong do chuyén doi ndi tang co thé duoc
su dung dé danh gid mat d6 mirc va ham lyc buc xa cta '*Ta béng
céch st dung cac chuong trinh mé phong phén ra gamma ndi ting nhu
DICEBOX [15] va RAINIER [16]. Py la cac van dé ma ching toi da
va dang thuc hién, két qua thu duoc s& duoc trinh bay trong cac cong
trinh nghién ctu tiép theo.

Két luan
Trong cong trinh nghién clru nay, ching t6i da xac dinh dugc

céc phan rd gamma ndi tAng bac hai tir trang théi hop phan 6.062,93
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keV vé trang thai co ban cia hat nhan 'Ta thong qua phan tng
"*'Ta(n,y)"**Ta st dyng chum notron nhi¢t cua 16 phan ng hat nhan
Pa Lat va hé pho ké trung phung gamma-gamma. Ching t6i da xac
dinh duoc thtr tw chuyén doi cia 20 cip chuyen doi gamma ndi tang,
tir d6 xdy dung dugc so do mirc riéng phan cta hat nhan '®Ta. Trong
s6 20 cdp chuyén roi gamma nay, 6 17 chuyén doi so cap, 1 thir cap
va 20 mirc kich thich trung gian, diéu nay hoan toan phi hop véi céc
s6 liéu trong ENSDF. 3 chuyén doi so cap va 19 thir cp con lai chua
¢6 trong ENSDF, do d6 dugc xac dinh 1a cac dir liéu mdi. Ngoai ra,
chiing toi ciing lan dau xac dinh duoc dai spin kha di (2, 3, 4) h cua
4 muc kich thich trung gian c6 nang luong 1.579,3, 1.837,7, 1.924,6
va 2.081,3 keV ma chua dugc ghi nhan trong ENSDE. Cac két qua
nghién ctru nay co y nghia quan trong trong viéc hoan thién dﬁn 50 d0
mitc ctia hat nhan '®Ta, tir d6 gop phan vao cée nghién clru vé mat do
muc, ham lyc bic xa cung nhu nhiing van dé lién quan t6i qua trinh
hinh thanh céc ddng vi Tantalum trong vii tru.

Nghién ctru duge thuc hién dudi sy tai trg cia BY Khoa hoc va
Cong nghé thong qua dé tai “Nghién ctru thuc nghiém va Iy thuyét
mat do muc, ham luc birc xa cia mot sb hat nhan kich thich” (ma sH
DTPLCN.02/19) thuc Chuong trinh Phét trién vt Iy dén nim 2020
va Dé tai cép qubc gia ma s6 KC.05.18/16-20. Nhom téc gia xin trin
trong cam on.
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