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UNG DUNG MAU PON HAT XAC PINH THOI GIAN SONG
MQT SO MUC KICH THICH CUA HAT NHAN *Ni

NGUYEN AN SON’, DANG LANH"

TOM TAT
Thoi gian song ciia mirc kich thich, ndang lwong, cuwong dé, spin va dé chan lé 1a
nhitng thudc tinh quan trong can thiét dé mo ta cic mau Cau tric hat nhan. Mau cau tric
don hat dwoc ung dung cho nhitng hat nhdn trung binh, va dwoc dp dung cho viéc tinh
toan trong bai bao nay. Thuc nghiém duoc tién hanh trén kénh so 3 cua L0 phan umg Hat
nhdan Pa Lat, bang cdach kich hoat bia mau kim logi niken, voi phwong phap trung phiing
“su kién - Su kién”, chung toi da tien hanh do dac thuc nghiém, xac dinh nang luwong
chuyén doi gamma noi tang, hé so ré nhanh. Pong thoi, ung dung mau don hat dé xac dinh
thoi gian song, do rong cia mot so mirc kich thich cua =\
Tir khéa: thoi gian séng cua mirc, mau don hat, triing phiing “su kién — su kién”.
ABSTRACT
Applying single particle model to identify lifetime of excited nuclear levels of > Ni

The lifetime of an excited nuclear level, energy, intensity, spin and parity are
important properties for nuclear model description. The single particle model was used for
average mass and calculation in this paper. The experiment was set up on the 3™ channel
of Dalat nuclear reactor by activating Nickel using the *““event-event™ coincidence method;
we recorded experimental data, determined on gamma cascades energy, branch ratio, and
applied the single particle model to identify lifetime of and width of excited energy levels of
*Ni.

Keywords: lifetime of excited nuclear level, single particle model, “event — event”
coincidence.

1. T(K)ng quan

Thoi gian sbng cua muc kich thich 1a dic trung quan trong cia hat nhan, né phu
thudc vao loai dich Chuyén (dién, tw), bac da cuc, nang lugng va cuong do Chuyén
doi... Thoi gian sbng ciia mic ciing cho ta biét dwgc mirc 6 bén cua hat nhan.

Trén thé gidi, cac nghién ctu thuc nghiém do thoi gian séng cia mirc thuong sir
dung céc hé phd ké hién dai, c6 @6 phan giai thoi gian cuc tot (<ps). Voi cac hé tiéu
biéu dé do thoi gian nhu phd ké thoi gian bay (Time-of-Flight Mass Spectrometry) [2]
dé do thoi gian dich chuyén trén quing duong cua neutron ciing nhu thoi gian hiay
positron - electron, hé tring phung [3], hé do twong quan goc... Tuy nhién cho dén nay,
véi cdng nghé hién co, viéc do truc tiép thoi gian séng cua mirc Kich thich ¢ nhirng hat
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nhan phat gamma tac thoi khdng thé, ma chi c6 thé thu duoc nhitng gié tri ban thuc
nghiém.

V&i hé phd ké thong thuong sir dung mot detector, viée xac dinh thoi gian séng
cua muc kich thich 1a khéng thé thuc hién. Ngay ca, viéc xac dinh cac chuyén doi so
cap va thr cap ciing gap khong it kho khan. Pon ctr, xét phan ra caa ngudn *°Co, véi so
do phén rd nhu hinh 1.

%0Co (5,27 nam)

B1(99,88%)

— 25057 keV 2+ 4+ 1/2-
B2(0.12%) 71=1173.2 keV Ell E2 E2| E4 El| El
¥ 1332,5keV
I- ¢ 2+ v 32+ _w
2= 1332,5 keV 1 o MINE?
SN \ 2 0 0+—Y A4 0+ \ 4 \ 4 1/2+ ¥ h 4
Hinh 1. So 6 phan ra cia nguon ®Co Hinh 2. M6 ta dich chuyén dién tir

V&i phan rd nhu hinh 1, khi sir dung phd ké mot detector thi khdng thé xac dinh
duoc chuyén doi nao la chuyén doi so cip, chuyén doi nao 1a chuyén doi thir cap. Va
nhu thé, kho xac dinh don tri mic trung gian. Két qua nay cang tré nén kho hon voi
nhitng hat nhan phat nhiéu birc xa gamma véi nhidu muc trung gian, do vay khong thé
xac dinh dugc thoi gian sbng caa mic.

Hinh 2 trinh bay cac dang dich chuyén dién tir kha di c6 thé xac dinh bang thuc
nghiém [8] theo gia dinh spin trang thai dau va cudi d4 biét, cac dich chuyén trong hinh
la dich chuyén tryc tiép va dich chuyén ni ting bac hai.

Bang thuc nghlem phuong phap trang phung sir dung hai detector xac dinh kha
chinh xac céac chuyén doi so cap va thir cdp, nén xéac dinh chinh xac nang luong muc
trung gian. Tir viéc xac dinh bang thyc nghiém cac cuong d6 chuyén doi ni tang, mirc
trung gian, két hop voi cac didu kién ban dau vé spin, d6 chin ¢ cua trang théi kich
thich va trang thai co ban caia hat nhan, c6 thé xac dinh spin va d6 chin Ié cua cac mirc
trung gian. Két qua nay cho phép xac dinh loai dich chuyén (dién, tir), tinh dwoc xac
suat dich chuyén, ham luc chuyén doi gamma, d6 rong muc ciing nhu thoi gian séng
cua muc.

Hat nhan **Ni I hat nhéan trung binh, ¢6 c4u tric khong suy bién, gom 28 proton
va 31 neutron, phan b cac nucleon trong hat nhan theo cau trac mau 16p nhu sau:
proton:  1sf,1p3,1ps,1d;,2s7,1d3,1f5, 5 neutron:  1sf,1p3,1p;,1dz, 2s7,1d3,1f7,2ps), - Cac
nghién ctru thuc nghiém trén hat nhan nay dugc thuc hién tir kha sém. C6 hai hudng
nghién ctru chinh 1a nghién ciu trén may gia téc va nghién ctu trén 10 phan tmg. Két
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quéa cho thay nghién ctru trén 10 phan tmg mang lai s6 mirc nhidu hon, trén dai ning
lugng rong hon, két qua phong pha hon [4], [5], [6]. Céc nghién ctru trén tuy cé khac
nhau vé sb mirc va cudng do chuyén doi gamma, nhung déu cho thay spin va do chin
¢ ctia °Ni ¢ trang thai co ban 12 3/27, spin va do chén 1¢ ctiia *Ni ¢ trang thai hop phan
la 1/2",

Cong trinh nghién cau cua D. C. S. White va cac cong sur [7] da do thoi gian song
clia cac mirc ning lugng thip ciia mot sd hat nhan. Trong cong trinh ndy, bang phan ing
*Co(p, n)*Ni, nhom tac gia da xac dinh duoc thoi gian song ctia 9 murc ning luong thip
(nh6 hon 2 MeV) ctia **Ni, véi thoi gian séng ngan nhét cia muc kich thich 14 0,18ps va
thoi gian séng dai nhat ciia mirc kich thich 12 120 ps.

2. Co s li thuyét

Néu hat nhan , X* c6 spin va @6 chin Ié & trang thai co ban la J%, khi bat neutron
nhiét trg thanh hat nhan , X **, ¢6 spin va do chan ¢ kha di J* +1/2 (bat neutron séng
s). O trang thai kich thich, thoi gian sdng rat ngan, phat bic xa gamma tac thoi dé
chuyén vé trang thai co ban. Cac birc xa gamma tirc thoi phat ra ¢ dang va bac da cuc
dugc minh hoa & hinh 2. [8]

Vi xéc suat dich chuyén cuing loai (dién hodc tir) gitta hai bac lién tiép (vi du bac

2

da cuc L va bic da cuc L + 1) 12 vo cing I6n (x4p xi (2LR—3)3’ R 13 ban kinh hat
J’_

nhan), nén vai hat nhan c6 thoi gian séng ngan (nhé hon ps), thuc nghiém chi do duoc
Ia loai birc xa ludng cuc dién E1, birc xa ludng cuc tir M1 va bic xa tir cuc dién E2.

Bac da cuc cua dich chuyén gamma phu thudc vao spin cua trang thai dau va spin
cua trang thai cudi nhu sau [9]:

Ni-d =L <Ji+J 1)
trong d6, L 1a bac da cyc, J; 12 spin caa trang thai dau (mirc dau) va J 1a spin cua trang
thai cuoi (muc ke tiep).

Khi phét birc xa gamma, hat nhan khong thay doi s6 A va Z, ma la dich chuyén
dién tir, nén theo tinh chat bao toan do chan Ié thi:

mim, e =1 (2)

m; 14 6 chan Ié & mtc dau, m; 1a do chan 1é muc cudi, va m, 1a do chan I¢ cia bac
Xa gamma phat ra. Néu:

- Btrc xa gamma phét ra la dich chuyén dién thi:

7, =(-1)" 3)
- Btic xa gamma phét ra la dich chuyén tir thi:
7, = (_1)|_+1 (4)
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Li thuyét mau Iop rat phi hop trong giai doan két qua thuc nghiém véi hat nhan
trung binh. Khi cac nucleon trong hat nhan lién két cap thoa man mau I6p, chi con thira
1 nucleon thi mau don hat 1a kha phii hop. Thoi gian séng cia muc kich thich dugc xac
dinh theo mau don hat nhu sau [9]:

t(EL) = M2LIEL +21)!2!L]2h(3+|_j2 [@jm )
2(L+1)e°R 3 3

t(ML) = '”2'-[(2L+21)!2!9:h(3+|_f [EJM )
80(L+1)uNR 3 Ey

trong do, t(EL) la thoi gian séng ciia mue voi birc xa gamma loai dién voi bac da cuc L,
t(ML) la thoi gian song cua muc vdi buc xa gamma loai tur voi bac da cuc L.
e?=1,440x10" keV.cm, p?=1,5922x10% keV.cm®. h 1a hang s6 Dirac, h = 0,658212 x
10" eV.s, E, 1a nang lugng cta buc xa gammma (keV), R 1a ban kinh hat nhan R =
1,2x10BAY cm.

Thoi gian séng caa muc ti 18 véi d6 rong mic toan phan theo hé thirc:

el ()

Y
Néu tir murc trung gian, co nhiéu birc xa gamma phat ra, d¢ rong mirc toan phﬁn
dugc xac dinh theo d6 rong murc riéng phan:

r = Zr% xB, (8)
i=1

trong do, B, la hé s r€ nhanh, dugc xac dinh boi cuong do chuyén doi ndi tang I, cua

btrc xa gamma va tong cuong do 1, cia mirc do:

| .
B.. =" x100% 9)

yi
tot
Mat khac, d¢ rong muirc phu thudc vao cuong do chuyén doi gamma ndi tﬁng theo
hé thuc:
A=i, f=n . xT.
| — Al if (10)

n
aates IixI)

v6i T, va T, 1a do rong muc riéng phan caa chuyén doi tir mirc A—»i—f; T, va I, 1a
d6 rong mac toan phén twong (tng cua muc i va A.
3. H@ thue nghiém va phwong phap thu nhin két qua
3.1. Bia mdu va hé thuc nghiém
Bia mau thuc nghiém (hinh 3) la kim loai niken, dang dia, duong kinh 2cm, day
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0,5cm, khi luong 7,82gam; d6 phd bién dong vi nhu sau [10]: *®Ni: 68,08%, 4,6 barn;
ONi: 26,22%, 2,9 barn; 5INi: 1,14%, 2,5 barn; ®2Ni: 3,64%, 15,0 barn; **Ni: 0,93%, 1,6
barn.

Bia mau duoc kich hoat bing dong neutron nhiét tai kénh sé 3 caa Lo phan ung
hat nhan Pa Lat. Dong neutron nhiét dugc chuan truc véi duong kinh 1,5cm, théng
lwong dong neutron ~ 10° n/ecm?/s, ti s cadmi/vang cia dong neutron la 350.

Hé do thuc nghiém la hé tring phing gamma — gamma, dwgc trinh bay chi tiét
trong tai liéu [1,11]. Hai detector 12 loai HpGe siéu tinh khiét, hiéu suat ghi cua hai
detector la 15% va 20%, d6 phan giai twong tng la 1,6keV va 1,9keV tai nang luong
1332,5keV. Sé trang phung ngau nhién khi Lo phan wng hoat dong cong suat 500kW
nhoé hon 10° sy kién/s. Thoi gian phan giai cua hé 1a 14,3ns. Hai khéi chi dac day
10cm dam bao che chin tdi da phong phong xa gamma tir Lo phan tmg, dong thoi mat
trude cac detector dugc 16t tim chi day 2mm nham chin tan xa gamma va tia X.

Bia miu duoc b tri theo gc 45° so véi dong neutron, khoang céch tir bia mau
dén mdi detector 1a 5cm. Hai detector ciia hé tring phing dit d6i xing nhau dé thu
nhan xac suat chuyén doi gamma ndi tang 1a 16n nhét. Hinh 4 trinh bay cach bé tri bia
mau va detector.

Detegtor 1
Chi che chan r
\':'5:55 I HEE Chan chim
neutron
Chum neutron Ee=r=—===
Detector 2
Hinh 3. Hinh dnk ciia bia mdu niken Hinh 4. Bé tri bia mau va detector

3.2. Phwong phdp thu nhdn két qua

Hé ghi nhan dit liéu theo phwong phép tring phing “sur kién - sy kién”, xir Ii phd
theo phuong phap cong bién do cac xung trung phung. Qua trinh thu nhan dix liéu dudi
dang ma bién do d4 loai bo dugc hién twong troi kénh véi thoi gian do dai, va co thé
cong dugc cac sb lidu & cac dot do khéac nhau lam tang s6 dém théng ké cua s lieu.

Pé xay dung duoc so d6 phéan rd, can xac dinh dich chuyén 13 so cip hay thi cip.
Vi phuong phap cong bién do cic xung tring phung, so dd phan rd duoc xay dung
theo quy tic sau [1]:

1) Néu mot tia gamma xuit hién trong hai pho n01 tang tro 1én duoc xem 14 cAc

chuyén doi gamma so cép, cac dich chuyén ndi ting twong ung s& 1a dich chuyén
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gamma thir cap. Mirc trung gian s& c6 niang lugng bang B, - E,, B, 1a nang lugng kich
thich ctia hat nhan hop phan khi phan rd gamma;

2) Truong hop ca hai tia gamma cua mot dich chuyen n01 tang chi xuat hién duy
nhét trong mot phd ndi tang, viée lya chon dich chuyén so cap hay thir cip c6 thé tham
khao tir két qua phép do (n, y) theo céc quy tic sau:

i) Thtr ty dich chuyén 14 kha di nhét khi trong so @6 mirc c6 thé dua vao nhiéu nhat
cac dich chuyén, ma dich chuyén d6 khong thé xép duoc theo diéu kién trén;

ji) Su sai léch gilra téng nang luong cua dich chuyén thtr cip va nang lugng mirc
cuoi Es 1a nho nhat;

iii) Téng cuong d6 cac dich chuyén tht cap vé mirc trung gian gia dinh khong khac
nhiéu so véi cac mirc bén canh do bang phwong phap (n, 2y).

Bén canh do, xdy dung so do mirc theo phuong phap (n, 2y) can c6 mét sé diéu
Kién sau:
- Cuong d¢ nbi tang phai 16n hon 10™ phan ra/s;
- Nang luong mirc cudi phai nhé hon 2 MeV.
4. Két qua thuc nghiém va bién luan
Thoi gian tién hanh do thuc nghiém 1a 400 gio. Hinh 5 1a mot phan phd tong cua
*Ni. S6 su kién tring phung thu dugc ciia *°Ni tai nang lwong lién két ctia neutron véi
hat nhan (B, = 8999,14 keV) khoang 6200 s6 dém, dam bao sai s6 thong ké bé. Hinh 6
trinh so d6 chuyén doi gamma ndi tang cta **Ni do dwgc bang thuc nghiém véi cac
chuyén doi bac hai va bac ba (dugc suy ra tir nang lugng mirc cuoi E¢). Nang lugng cac
mtrc, spin va do chan 1é ctia mie dugc tinh toan theo cong thic (1), (2), (3) va (4).
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Hinh 5. Mét phdn phé tong cia *Ni
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E (keV)

8999,14 (1/2")

9000

8000

7000 +

6000 —

5000 4714,70 (112))

i 4140,69 (3127

4048,69 (1/27)

4000 + 3686,68 (1,2,3/2)
3563,68 (1/2)

i 3181,70 (1/2'3/2)

3000+ 289368 (3/2)
2415 65 (312)

2000 1446 31 (1/2)
130163 (112))
1188,309 (1/2)

1000 877,62 (1/2)
465,61 (112)
339,27 (1/2)

0 ] 'K’ [ [ vV v
>Ni 312

N A ) Ao A > 5947, \ . A o7 5 ” ’ ’
Hinh 6. Chuyén doi noi tang cua > Ni va spin, dé chan lé cua cdac mirc

Bang 1 trinh bay két qua thyc nghiém voi céc gia tri niang luong chuyén doi
gamma ndi tang, cac mirc thuc nghiém, h¢ s6 s& nhanh cia timg mirc ning hIO’ng Thoi
gian séng va do rong murc duogc tlnh tir cong thirc (5), (6), (7), (8) va (9). Sai s6 cua nang
hIO’ng dugc tinh xap xi keV, sai s6 hé sb 1& nhanh duoc tlnh theo phuong phép truyen
Sal s6 v6i déng gop gom: sai sd thong k& dién tich dinh, sai s6 do khop ham hiéu sudt, sai

s6 do d6 phi tuyén cta khuéch dai pho ké.

Béng 1. Mitc, thoi gian song, dg réng mire, nang heong chuyén doi gamma néi tang
Va hé s6 sé nhanh cdac mirc ciia ®°Ni thu dwge tir phan 1img *°Ni(n, 29)*Ni

Mitrc trén ;I;’E(r?ggtl)?:hsggg Bf} rong Ning lwgng | Mirc du6i | H¢ sb ré nhanh
(keV) mike (s) mikc (eV) (keV) (keV) Byi +ABY;i(%)

,,,,, 658349 | 241565 | 5157(074)
_____ 4858/45 | 414069 |  7,726(062) _ |
_____ 853353 | 46561 | _ 38,410(056)
_____ 812152 | 87762 | _10,005(056) |

8999,14 2,36x107° 2,79x10° | 769751 | 1301,63 | _ 3,554(077) _ |
_____ 658349 | 241565 | _ 1,946(080) _
_____ 581rA4r | 318167 | _ 2,688(072) |
_____ 543547 _ | 356368 | _ 2,453(078) |

5312,46 3686,68 1,566(078)
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_____ 495046 | 404869 | _ 2,390(070) |
_____ 428444 | 471470 | 1933(080) |
_____ 610548 | 289366 |  9,049(056) |
_____ 5817,47 | 318167 | 10,455078) |
5312,46 3686,68 2,668(083)
} i 3686,43 0,00 36,977(484)
368668 | 7.68x10% | B57x10" oo 23005 | 63.023(516) |
,,,,, 284341 | 33825 | 30,956(194) |
_____ 271741 | 46429 | 12,013(127) |
_____ 230440 | 877,30 | _10415(121) _|
318170 | 284x10% | 232x10° | _ 109340 | 118830 | _22,728(109)
_____ 188039 | 130131 |  9,034(112) |
_____ 173539 | 144631 |  9,644(162) |
3181,42 0,00 5,209(136)
,,,,, 255441 | 33925 | 45509(337) |
289368 | 284x10% | 238x10° | _ 201640 | 877,28 | 47,227(331) |
1703,39 1190,29 7,264(213)
_____ 195040 | 46420 | _45,850(328) _
o | 241541 | 000 | 6104(230) |
PHSES | TBLAOT | BABADT e 39 | Te7721 | 30,142(194) |
1226,38 1188,22 17,903(248)

Két qua thyuc nghiém cho thay cac mirc trung gian ctia nghién ciru ndy c6 sy triing
khdp voi cac mie cua nhitng nghién ciru trude day cua cac tac gia khac [4, 5, 6, 7].
Tuy nhién, cuong do (hé sb 1& nhanh) cta cac mirc ¢6 su khac biét. Biéu ndy c6 thé giai
thich do céc tac gia khac dé sir dung phuong phép (n,y) dé thyc hién vige thu nhn két
qua, do vay cuong do duoc tinh theo tong cua cac chuyen doi vé mirc trung gian, va
khong thé tach cac cuong d6 chuyén doi mot cach truc tiép, do vay s& dan dén sy sai
léch ¢ cac cudong do ndi tang.

Vé thoi gian sdng cia mure, chi mi mot cong trinh cong bd [7] voi thoi gian sdng
& cic mirc nang lugng thip (nho hon 2MeV), do vy véi cac mirc nang luong trung
gian 16n hon 2MeV ¢ thuc nghiém nay thi khong thé so sanh, day ciing 1a phan chua
day dii ctia s6 lidu thyc nghiém ving nang luong trung gian cta cac hat nhan trung binh,
5.  Kétluan

Két qua da xac dinh duoc hé s6 1& nhanh cta 05 muc kich thich cua *°Ni. Két hop
v6i li thuyét ciia mau don hat, d4 tinh thoi gian séng va d6 rong cta cac mirc kich thich
nay. P9 rong mirc nam trong dai tir 10° eV dén 102 eV, thoi gian séng ciia cac mirc
kha nho, ndm khodng tir 107 s dén 10™ 5. Két qua nay cho thay hé so ti 18 giira thoi
gian Song ctia mirc voi do rong mirc toan phan theo hang s6 Dirac # khoang 10°. Thoi
gian song cua murc phtl hop véi dur doan ctia mau don hat, nhitng mirc nang luong thap
c6 thoi gian song dai hon, va nhimg mirc c6 d6 léch spin nhé ¢6 thoi gian sdng ngan.
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