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Xac dinh ham lyc chuyen doi ludng cyc dién
(E1) cua **Mn tr By Vé Cac mirc ning luong
thap bang phan rd gamma noi tang

e Nguyén An Son
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(Bai nhan ngay 12 thang 09 nam 2015, nhdn dang ngay 28 thang 03 nam 2016)

TOM TAT

Nghién czzu, tinh toan ham luc chuyén doi gamma
1a can thiér dé xdc dinh mét s ddc trung cua hat
nhén nhue: spin, @ chan 1é, logi dich chuyén, tiét dién
phan ing, ... Trong nghién cizu nay, bia mau 55Mn
dioc si dung dé kich hoat tai kénh ngang so 3 cua Lo
phan ¢ng hat nhdn Pa Lat. Thu nhdn sé liéu bang
phuong phap trung phung sy Kién-su Kién véi hé

tring phung gamma-gamma. Két qud do giai kich
thich cua 56Mn da thu nhdn duwoc 49 cap chuyen doi
gamma néi tang; dong thoi d4 1ng dung mau 6p dé
tinh todn spin, dg chan lé, ham luc dich chuyén lirong
cuc dién E1, va so sanh xac sudt dich chuyén giira ly
thuyét va theec nghiém.

Tir khéa: Dich chuyén heong cuc dién E1; spin va dé chan 1é; **Mn; Ham luc dich chuyén gamma.

MG PAU

Ham luc chuyén doi gamma néi tang la tham sé
quan trong trong viéc xac dinh cac dic trung cua hat
nhan khi giai kich thich. Ham luc cho biét dic tinh
dich chuyén ciing nhu xac suit cia cac kénh phan
tmg. Khi x4c dinh dugc ham lyc, ching ta c6 thé xéac
dinh cac tham sb caa hat nhan nhu: tiét dién bat bic
xa, phd bic xa, thoi gian sbng caa muc, ... Truong
hop giai kich thich, néu dé léch spin giita mirc dau va
muc sau khdng lén, thi xac suit ghi nhan bang thuc
nghiém cua dich chuyén gamma chu yéu la dich
chuyén ludng cuc dién, dich chuyén tir cuc dién va
dich chuyén ludng cuc tir [1].

Nghién ctru bang thyuc nghiém trén hat nhan 5Mn
d4 thyc hién tir kha som [2]. Hau hét cac nghién ctu
cha yéu x4c dinh niang luong, cuong do chuyén doi
cua qud trinh giai kich thich tor méc nang luong B,
nang luong lién két cua neutron, véi %Mn (7270.50
keV) khi bia mau 5°Mn bét neutron [3, 4]. Mét sb
nghién ciru do dac va tinh toan spin va d¢ chan Ié cua
cac murc nang luong thap cia ®Mn [5]. Céc nghién
ctru sau nay da quan tdm dén ham luc chuyén doi cua
mot sé chuyén doi gamma [6, 7], tuy nhién chi xac
dinh dugc ham luc caa mét s it dich chuyén gamma.

Trong nghién ctu nay, bia mau 55Mn dugc sir
dung Mn thuong ton tai ¢ dang oxide trong tu
nhién. D6 phé bién ddng vi cia **Mn trong tu nhién
1a 100 %, tiét dién bat neutron nhiét 1a 13,3 barn [8].
Khi bat neutron, Mn tré thanh hat nhan 5Mn. 5Mn
14 hat nhan trung binh, gém 25 proton va 31 neutron.
O trang thai co ban, theo mau 16p, su phan bé cac
nucleon trong hat nhan c6 thé mé ta nhu sau:

Phan b proton:

151/2 1p3/21p1/21d5/2 281/2:I'd3/2 1f75/2 :

Phan bd neutron:

151/2 1p3/2 1pl/21d5/2 281/2:I'd3/2:l'f78/2 2 pg/Z :

Trang thai co ban ciia **Mn c6 spin va do chan lé
dugc xac dinh theo quy tic Brennan — Bernstein [1].
Theo nguyén tic ndy, ¢ trang thai co ban, %Mn c6
spin va do chan 1é 1a 3*. Két qua nay phu hop voi cac
cong trinh cdng bé lién quan [4, 5].

Khi bat neutron, ngoai viéc phat buc xa beta,
phan con lai tao thanh hat nhan 6Mn. Hat nhan 5Mn
& muc nang luong kich thich B, (ning lwong lién két
cua neutron véi hat nhan) co trang thai kép vai spin
vadochanléla2 va3[4,5,9]
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Bing viéc xac dinh cac chuyén doi gamma ndi
tang dé xac dinh ham lyc chuyén doi thuc nghiém.
Phan ¢ng cua bia mau 5Mn véi neutron nhiét duoc
thuc hién tai kénh ngang s 3 cua Lo phan tng hat
nhan Da Lat. Hé trung phung gamma-gamma duoc st
PHUONG PHAP

dung dé thu nhan su kién tring phing. Két hop voi
tinh toan chuyén doi dién tir theo mau don hat dé giai
thich va bién luan mot sé két qua trong dich chuyén
ludng cuc dién E1 tr mirc B

Trang thai hop phin

Cac trang thai trung gian

Trang thai co ban

Co so 1y thuyét
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Hinh 1. M ta phan rd gamma ciia hat nhan hop phan.

C6 thé minh hoa qua trinh phat gamma tir mirc B, vé
trang thai cudi qua cac trang thai trung gian nhu Hinh
1. Cuong do dich chuyén gamma néi tang (lyy) lién
quan dén do rong mic rleng phan & trang thai dau
(Iyi), d6 rong muc toan phan o trang thai dau (1), do
rong muc riéng phan ¢ trang thai cudi (I'yf) va do
rong mic toan phan ¢ trang thai cudi (I'f) theo cong
thuc [10, 11]:

| :FyixFyf O
7 TyxL,

Néu c6 n muc trung gian dugc tao bdi cac dich
chuyén so cap co nang luong trong khoang tir Ey dén
E, + AE thi cuong do dich chuyén tong cong la:

FxF

—Z )
i=1

Trong thuc nghiém trung phing gamma-gamma,
cuong do dich chuyén gamma ndi tang ty 18 voi dién

tich dinh twong ung véi dich chuyén néi tang va dugc
xac dinh theo cbng thirc (3):
| = S 3)
V44 n

Z Si“/*“/
1

trong 6 S, 1a s6 dém dinh cta dich chuyén gamma
ndi tang thir i sau khi d& hiéu chinh hiéu suét ghi.

Qua trinh phan rd gamma cua mot hat nhan gan
lién vai dich chuyén tir trang thai kich thich nay vé
trang thai khac c6 nang lugng thap hon. Do photon 1a
luong tir caa truong dién tir, nén cac qua trinh dich
chuyén hat nhan khi phat gamma dwoc goi 1a cac dich
chuyén dién tir. Mot dich chuyén dién tir ludn luén
bao toan nang luong, spin va do chan lé.

Néu hat nhan c6 nang luong, spin va do chan 1é ¢
trang thai dau twong tng 1a E;, Ji, m va trang théi cudi
la la Ey, J;, m; thi nang luong cua tia gamma phat ra
duoc xac dinh tur d6 léch gitra hai mic nang luong:
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Ey: Ei - Ef (4)

Photon 1a mot bozon ¢ spin bang 1, vi thé
moment goc L cua photon phai la nguyén duong.
Trong dich chuyén dién tir gitta hai trang thai hat

Ji”i>—>

duoc xac dinh tir hé thirc (5):

nhan

nf
J, > thi moment géc L cua photon

9i-3,|sL<3+3, 6

D0 chin I¢ ciing dugc bao todn trong qué trinh
dich chuyén dién tur.
Ty = 1 (6)
Nhu vy do chin 1é caa photon 7, 1a dwong néu
mi=ms Va T, phai 1a am néu mi=-my.

V6i dich chuyén dién thi:
T,=(-)" O
va dich chuyén tir thi:
T, =" @

v6i L =1 goi 1a birc xa ludng cuc, L= 2 goi la birc xa
tir cuc, L= 3 goi l1a birc xa bat cuc, ...

Theo co hoc luong tir, qua trinh phat photon
trong phan rd gamma tuong dwong véi qué trinh hap
thu photon xay ra khi hat nhan bi kich thich bang
phan tng quang phan tng. Xéc suat dich chuyén dién
tir duoc xac dinh bai [12]:

Tam ZM@] BEM)A J. —J,) ©)
T T[T e

V6i E, la nang luong cia tia gamma.
B(E(M)A, J. > J;) 1a xac suit dich chuyén rat
gon va duoc xac dinh véi cac yéu té ma tran rdt gon
cua moment da cuc dién va moment da cuc tur. Xét
truong hop giai thich hat nhan theo mau 16n, xac suat
dich chuyén dién tir duoc x4c dinh nhu sau: [1]

XA&c suat dich chuyén dién:

YT L[L+D)PA\ R
Xac suit dich chuyén tir:

21 L1 2L+1
TML:M(E] BML) (11)
Y L[L+D)N) A\ Ac

21 L 2L+1
TEL—M(EJ B(EL)  (10)

trong do:

B(EL) =—~ [ 3 ) R

47b"- \ 3+L (12)
10 ( 3 Y

B(ML) =——| — | R??

(ML) nbL'1(3+LJ

v6i L 1a bic da cuc cia blic xa gamma,

/c=197.327x10"keV.cm, °=1.440x10"keV.cm,

n3=1.5922x10%keV.cm®, R = 1.2x10
13A1/3cm_

D6 rong mirc toan phan cua dich chuyén gamma
(Ty) phu thude vao thoi gian song trung binh clia muc
(tm) theo cbng thirc:

r - (13)
T

Thoi gian song trung binh lién hé voi chu ky ban
rd theo cong thuc:

t
T, = 2 (14)

Thoi gian ban rd cia mot mic phu thudc vao
xac suat dich chuyén gamma theo bic da cuc va loai
dich chuyén theo hé thirc sau:

In2

t, Z.I.yELW . (19
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Nhu vay, thoi gian séng trung binh cia mét muc ty 1& nghich véi x4c suat dich chuyén gamma:
1

T = —F o
m EL,ML ’
T

(16)
nén do rong phong xa toan phan ctia mirc ¢6 thé viét:

n
[ =—=nT"t" a7
¥ ¥
Tm
Néu mét mirc phan ra bang cach phat gamma vé cac murc dudi ¢ nang lugng khac nhau, thi d6 rong muc

duoc xac dinh nhu sau:

= Z I'.BR, (18)

Hé s6 ré nhanh cua mdt mirc dugce xac dinh bai:

I .
__vi
BR,=-7-x100% (19)
tot
B.R(;) la hé s6 r& nhanh cua mirc twong tmg véi gamma th i, I; 1a cuong d6 dich chuyén cua bic xa

gamma thir i va lit 12 tong cudng do cua cac gamma dich chuyén tir murc.
lot = Zlyi (20)

Truong hop dich chuyén hdn hop tir cuc dién va ludng cuc tir (E2 + M1) thi d6 rong muc sé 1a:
T, =T,Ml)+ T,(E2) (21)
Ham lyc dich chuyén gamma M (EL, ML) duoc x4c dinh tir d6 rong phong xa riéng phén theo cong thirc
[1]:

M (EL,ML) = % (don vi w.u.) (22)

(EL,ML) 1a d6 rong phong xa riéng phan cia dich chuyén tinh theo don vi Weisskopf. Trong

ywu

ywu
truong hop dich chuyen 13 Tudng cuc, t& cuc dién va ludng cuc tir thi dd rong phong xa riéng phan ¢6 thé xéc
dinh nhu sau:

(E1) =6.7492x10 " A*°E? (23)

ywu
I .. (E2)=47925x10 % A*°E® (24)
I (M1)=2.0734x10"E’ (25)

trong d6 A 1a s6 khdi cua hat nhan va E, 1a nang luong birc xa gamma (keV).

Hé thue nghiém

Thuc nghiém duoc tién hanh tai kénh ngang sé 3 Bia mau Mangan ¢ dang 6xit MnO, dang bot,
cua LO phan ung hat nhan Pa Lat. Thong luong duong kinh 2 cm, day 1 mm, nén trén may nén 10
neutron nhiét tai vi tri dat mau ~10° n/cm?/s [13]. tan. Hinh 2 trinh bay hinh anh cua bia mdu MnO; st
Puong kinh chum neutron la 1,5 cm. dung trong thuc nghiém. Hinh 3 trinh bay cac bé tri

thi nghiém.
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Hinh 2. Hinh hoc bia miu %Mn

Hé do duoc sir dung trong thu thap sb liéu
chuyén doi gamma néi ting hai budc 1a hé tring
phing gamma-gamma. So d6 hé do dwoc trinh bay ¢
Hinh 4.

Khoang céch tir bia mau dén mdi detector (DET)
la 5cm. Tin hiéu thoi gian tir hai 16i ra & 2 detector
duoc cac khdi khuéch dai nhanh (TFA) khuéch dai va
tao dang can thiét, sau d6 dwa toi cac khéi gat ngudng
hang (CFD). Gat ngudng hang CFD duoc st dung dé
loai trir nhidu va anh hudng cua cac bic xa gamma
ning luong thap. Xung ra tir cac khéi gat ngudng
hing di toi 16i vao cua khéi trang phang nhanh
(COIN). Khéi tring phung nhanh c¢6 d6 rong cia s6
thoi gian 1a 30 ns xac dinh diéu kién tring phang theo
mit tang ciia xung. Li ra ciia khdi tring phang sé la
xung duong va xung nay duoc sir dung dé m¢ Gate

Detecto

Chi che ch<

NN %Mn Chén
. . / :::Ei : : : C h l\J m
i '
2
E
HEE
E
E
E
E
Detecto
Hinh 3. Vi tri twong dbi giita bia mau, chum neutron va

detector

cta hai ADC. Nhu vay, khi phan r4 gamma ndi tang
dugc ghi boi ca hai detector thi sé c6 mot xung duong
& 16i ra cua khdi tring phing nhanh cho phép hai
ADC dugc bién di. Tin hiéu ning luong E tir 16i ra
cta hai detector dwoc cac khdi khuéch dai phd (AMP)
khuéch dai va tao dang can thiét. Tin hiéu & 16i ra cac
khuéch dai phd tré hon so véi tin hiéu 16i vao mot
lugng tuy theo thoi gian hinh thanh xung cua bo
khuéch dai (c& ps), trong khi tin hiéu & 16i ra cua khi
tring phung nhanh tré hon so véi tin hiéu ¢ 16i ra T
cta dau do chi ¢& ns. Nhu vay, dé dong bo thi tin hiéu
& 16i ra cua khdi trang phang phai dugc lam tré di
mot lugng tuy theo thoi gian hinh thanh xung cuaa bo
khuéch dai phd. Trong thuc nghiém nay, do tré duoc
chonla 7 ps.

DET > AMP1 ADC1 |« 'S
_|—> TFAL CFD1 M .
=—==( ) Taraet J—> COIN ™" P ¥
Neutron f TFAZ CFDZ A
DET > AMP2 ADC?2 |4 >

Hinh 4. So @ hé do thyc nghiém
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Phuong phap ghi do tich lu§ vai thoi gian do kéo
dai, thu nhan s liéu 1a ghi dang ma bién d6 ti 1& véi
nang luong cua buc xa gamma.

KET QUA

Tién hanh do dac trén kénh ngang s 3 cua Lo
phan tng hat nhan Pa Lat. Thoi gian do thuc nghiém
14 100 gio, s6 su kién trung phang trén toan dai ning

luong la 5,341,292 sy kién. S6 liéu luu giir theo
phuong phap cong bién do, luu trir dwdi dang ma cac
su kién trung phang. Hinh 5 trinh bay mét phan pho
téng cua **Mn. Bang 1 trinh bay mot s6 thong tin cua
phd tong. Bang 2 trinh bay nang luwong cap chuyén
doi gamma ndi ting, muc trung gian va cuong do
twong ddi cua cac chuyén doi.

Bang 1. CAc thong tin caa dinh pho tong

5 . s , .. | Sbcap tring phung .
stt Nang luong pho tong | Néang lwong muc cuoi tai viing nang luong Spin va do cban 1é
(keV) (keV) dinh muc cuoi
1 7270,50 0,00 3930 3*
2 7243,39 26,60 5894 2"
3 7159,50 110,50 3343 1"
4 7058,00 212,03 7448 4*
5 6929,05 340,99 7173 3*
6 6815,00 455,50 8462 3*
7 6783,75 486,31 8870 3*
1200 +
10004 £
| H % 2 B
sood | . f fg 3 & ~
§ i = fEws 7 w s
2 60040 by 8 n ~ 8
s V'U MM‘JM HM H ““\ (A‘ T,’» | ‘ﬁ s o 5
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4 LR | | g |z
004 s (l I o I a-
WW %W ‘J\ ey
200 - W"‘ﬁ“\“‘wﬂ k‘ r‘ﬁ\ i \‘
" | \[1
™ WM ‘VW‘W/‘«,M‘ Vol
0

T T T T T T T T T T T T T T T 1
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Nang 166ng (keV)

Hinh 5. Mét phan phd tong ctia Mn
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Bang 2. Nang lugng cap chuyén doi gamma ndi ting, mirc trung gian va cuong dé chuyén doi trong déi

Stt E; (keV) E> (keV) EL (keV) AE. (keV) Cuong do chuyén Sai s6 cuong do
doi Iy (%) Al (%)
Ei+ E>=7270.50 keV. Es= 0 keV
1 5760,28 1509,88 1510,22 0,34 4,09 0,30
2 5525,81 174421 174469 0,48 2,10 0,22
3 5253,70 2016,50 2016,80 0,30 0,90 0,14
4 5180,39 2090,40 2090,11 0,29 1,56 0,22
5 4873,81 2396,40 2396,69 0,29 0,52 0,11
6 4828.,52 2443,10 2441,98 1,12 0,90 0,20
7 4689,75 2582,00 2580,75 1,25 0,98 0,16
8 4267,08 3003,16 3003,42 0,26 0,80 0,14
9 3927,25 3343,90 3343,25 0,65 0,51 0,11
Ei+E,=7243,39 keV. Ef= 26,60 keV
10 6104,24 1139,28 1166,26 0,38 4,15 0,34
11 5919,26 1324,60 1351,24 0,04 1,84 0,22
12 5432,90 1811,40 1837,60 0,40 1,34 0,20
13 5180,39 2063,21 2090,11 0,30 3,35 0,32
14 5067,00 2176,60 2203,50 0,30 3,40 0,30
15 4949,07 2294,54 2321,43 0,29 2,68 0,27
16 4873,81 2369,40 2396,69 0,69 0,99 0,18
17 4565,93 2677,70 2704,57 0,27 1,45 0,22
18 4380,75 2863,40 2889,75 0,25 0,78 0,16
19 3979,15 3265,00 3291,35 0,25 0,79 0,14
E:+ E>=7159,50 keV. Es= 110,50 keVV
20 6104,24 1055,39 1166,26 0,37 1,33 0,20
21 5436,55 1723,40 1833,95 0,05 0,69 0,15
22 5035,12 2124,50 2235,38 0,38 0,73 0,16
23 4949,07 2210,64 2321,43 0,29 1,21 0,21
24 4907,65 2252,80 2362,85 0,45 0,46 0,12
25 4841,00 2319,14 2429,50 0,14 0,74 0,22
26 4565,93 2594,50 2704,57 0,43 1,25 0,21
27 4550,34 2610,60 2720,16 0,94 0,62 0,17
28 3752,04 3408,85 3518,46 0,89 0,87 0,16

E:+ E2=7058,00 keV. Ef= 212,03 keVV
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29 6031,15 1027,40 1239,35 0,08 0,85 0,14
30 5919,26 1139,28 1351,24 0,07 0,59 0,18
31 5525,81 1531,40 1744.,69 1,26 2,95 0,31
32 5436,55 1620,40 1833,95 1,52 1,49 0,31
33 5198,90 1858,40 2071,60 1,17 1,85 0,26
34 5180,39 1877,20 2090,11 0,88 0,99 0,24
35 5067,00 1990,60 2203,50 0,87 3,96 0,34
36 5015,41 2043,70 2255,09 0,64 5,62 0,38
37 4724,49 2333,20 2546,01 0,78 5,69 0,39
E1+ E2=6929,05 keV. Ef= 340,99 keVV
38 5525,81 1403,00 1744,69 0,70 10,90 0,52
39 5180,39 1749,00 2090,11 0,12 3,02 0,36
40 5015,41 1915,00 2255,09 0,90 4,10 0,33
E:+ E2=6815,00 keV. Ef= 455,50 keVV
41 5525,81 1289,40 1744.,69 0,21 0,95 0,22
42 5253,70 1562,40 2016,80 1,10 1,08 0,21
43 5015,41 1801,40 2255,09 1,81 5,38 0,46
44 4724,49 2090,40 2546,01 0,11 1,02 0,33
E:+ E2=6783,75 keV. Er= 486,31 keVV
45 5525,81 1257,60 1744,69 0,78 3,91 0,39
46 5035,12 1749,00 2235,38 0,07 1,96 0,32
47 4828,52 1956,40 2441,98 0,73 1,04 0,22
48 4445,75 2338,40 2824,75 0,04 1,03 0,31
49 4104,43 2678,70 3166,07 1,06 0,57 0,16

Ghi chd: E; va E; 1a nang lwong cta cac gamma
chuyén doi ndi tang so cap va thw cip; Ei, AEL la
mtc nang lwong muc trung gian va sai s.

Két qua thuc nghiém cho thiy d4 xéac dinh duoc
49 cap chuyén doi ndi ting thu duoc tir 7 dinh phd
téng. Sir dung céc cong thic (5) + (24) dé xac dinh
spin, d6 chan 1¢, hé sé r& nhénh, thai gian séng trung

binh ciia mirc, d6 rong muc, Xac suét dich chuyén va
ham lyc tr muc B, chuyén doi gamma loai dich
chuyén ludng cuc dién E1 vé cac mic thap hon. Bang
3 trinh bay két qua tinh toan, Hinh 6 trinh bay xac
sut tinh theo Iy thuyét va xac dinh bang thuc nghiém
cua chuyén doi E1 tir B, vé cac mirc thap hon.
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Bing 3. Miic, thoi gian séng caa mire, dd réng mirc, spin va do chin ¢, hé sé r& nhanh va ham lyc dich chuyén gamma ciia

56Mn
Sai b
Thi eian Spin va d6|Spin va do He b ra| S s6 [Ham lyc| ham fuc
Ni sén %f?a Do |Nang lugng chan 1é¢ |chan I¢é so X&C SUAt nehzl(r:he he sorg dich dich
I ang mgl'r rong |chuyén doi| muc trung [sanh tir thu] dich ch a;n clia mi nhanh | chuyén | chuyen
ﬁgng ¢ Imucl,| gamma | giantinh | vién |°°C Eluye ugR_ °| 1A | thue | thuc
(o) (m2) 1 "ev) | E,(kev) |theomiu| LANL ) | BR |nahiem | nghiem
(5) I6p | [9,14] 0 | ) |mEar| A
IMEQ)[*
610424 | 1%, 3° 1 6,826E+17 548/ 0,20| 5,474 0,200
6031,15 3 2" 3,292E+17| 0,85 0,14 0,845 0,141
591926 | 17,3" | 2577 | 6,224E+17| 243 018] 2428/ (184
576028 | 2°.4° | 2577 | 2868E+17|  4,09| 030| 4,088 (30
5525,81 2" 2" 1,266E+18| 20,81| 0,39 20,814| g 339
5436,55 T 1 4822E+17|  2,18] 0,31] 2,182] 0,308
5432,90 2 2 2,406E+17| 1,34] 0,20 1,337] 0,199
5253,70 3 257 | 4352E+17| 198) 0,21] 1,985] 0,206
5198,90 3+ 3 2,108E+17|  1,85| 0,26 1,848| 0,258
5180,39 3 +? 8,344E+17| 892 0,36 8924| 0,358
5067,00 | 2"3" | 25'? | 3,904E+17| 7,36| 034 7,361] 0339
5035,12 3 3 3,830E+17| 2,69| 0,32 2683 (324
5015,41 3 3 5,679E+17| 15,10] 0,46] 15,095 0,455
7270,502,746E-16) 6:430 1=45,9'07 2 2 3,638E+17| 3,89] 0,21] 3,892] 0,206
4907,65 2 25'? | 1,773E+17]  0,46] 0,12] 0,462 0,118
487381 | 1°,3° | 25?7 | 3474E+17| 151] 018 1514] 0,177
4841,00 2 ? 1,702E+17|  0,74| 0,22] 0,737] 0,216
482852 | 2°,4° 2 3,378E+17| 1,94] 0722] 1,946] 0,224
472449 | 3" 2° ? 3,164E+17| 6,71] 0,33 6,712] 0,325
4689,75 | 27,4 ? 1548E+17|  0,98] 0,16] 0,983] 0,158
456593 | 1°,3" | 25'? | 2,856E+17| 2,70 0,21] 2,693] 0,206
4550,34 2 25'? | 1414E+17] 062 017] 0619 0,167
444575 3 25 | 1318E+17| 1,03] 031 1,032] 0,313
4380,75 | 17,3 T 1,261E+17| 0,78] 0,16] 0,776] 0,162
4267,08 [2"hoac4*| 2.5 ? | 1,166E+17 08| 014 0,79] 0,138
4104,43 3 ? 1,037E+17|  057| 0,16 0570 0,157
3979,15 | 1%, 3 ? 9,453E+16] 0,79] 0,14| 0,786] 0,138
3927,25 | 27,4 ? 9,088E+16]  0,51] 0,11] 0,511] 0,110
3752,04 2 ? 7,925E+16]  0,87| 0,16] 0,875 0,157
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Hinh 6. Xac sut chuyén doi El tinh toan theo 1y thuyét va xéc dinh bing thyc nghiém tir mirc Bn V& cac mirc thip hon

Két qua cho thdy, bang thuc nghiém do dac va
viéc ung dung mau 16p dé xac dinh spin va do chan l¢
cia mot s6 muc, trong nghién ctu nay da sip xép
dugc 49 cap chuyén doi ndi tang. O Bang 3, c6 mot
s6 muc trong thuc nghiém nay da xac dinh spin va do
chan lé ma thu vién LANL chua sap xép; dong thoi
ciing c6 mot s6 khéc biét vé spin va do chin 1é so véi
thu vién.

Hinh 6 cho thay két qua do dac thuc nghiém giira
X4c suat chuyén doi ludng cuc dién E1 so vai ly
thuyét c6 sy twong déng. Tuy nhién, ving ning luong
Ion c6 su khéc biét gitra ly thuyét va thuc nghiém.
Vian d& nay c6 thé do hiéu suit ghi kém cua hé do &
ving nang luong cao nén chua thu thap day du vé
cudng do chuyén doi.

KET LUAN

Két qua nghién ctru da xac dinh dwoc cac dich

chuyén tir Bn vé cac mirc thap hon bang phuong phap

do tring phing gamma-gamma. Két qua tinh toén
spin, d6 chin 1é bang mau 16p cho thiy kha phu hop
v6i két qua thuc nghiém. Diéu nay ching toé hat nhan
56 Mn la hat nhan khong suy bién, phu hop voi cach
giai thich cia mau 16p. Qua két qua nghién ciru ciing
thé hién tinh twong dong theo du doan ctia mau 16p vé
Xxéc suat dich chuyén gamma loai ludng cuc dién, dic
biét ca ly thuyét va thuc nghiém déu ching té ving
nang lugng chuyén doi gamma khoang tir 4500 keV
dén 5300 keV c6 cac chuyén doi E1 manh vé céc
mc trung gian.

Loi cdm on: Tac gid xin chdn thanh cam on Vién
Nghién citu Hat nhan da cho phép thuc hién nghién
citu ndy trén kénh ngang sé 3 cia LO phdn img Hat
nhdn Pa Lat.
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Determination of the electric dipole (E1)
gamma ray strength function of **Mn from the
B level to low levels by two-step gamma

cascades

e Nguyen An Son
University of Dalat

ABSTRACT

Investigation of gamma ray strength function is
necessary to determine some nuclear characteristics,
such as: spin, parity, electromagnetic transitions,
cross section, ... In this research, *Mn target was
activated on the neutron of 3" horizontal channel of
Dalat nuclear reactor. The experimental data was
collected by event-event coincidence by gamma-

gamma coincidence system. The *Mn deexcitation
afforded the collected of 49 gamma — gamma two-
step cascades. This was applied on shell model to
determine the spin, parity, electric dipole gamma
strength function (E1) as well as comparing between
the theoretical and experimental E1 transition
probabilities.

Keywords: The electric dipole (E1) transition; spin and parity; *Mn; Gamma transition strength.
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