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XAC PINH MOT SO CHUYEN DOI GAMMA NOI TANG CUA *Mn
BANG PHAN UNG *Mn(ng, 2y)*°Mn
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TOM TAT
Nghién curu phan r8 gamma néi tang la mgt trong nhiing phuong phap thuc nghzem
vat |i hat nhdan nham kiém nghiém va gidi thich cau tric hat nhan cia dong Vi can quan
tam. Trong bai b&o nay, ching t6i tién hanh do dac cac chuyén doi gamma néi tang hai
bude ciia *°Mn khi gidi kich thich bdng phan vmg bdt neutron nhiét cia bia mdu >>Mn.
Nguon neutron sur dung la nguon neutron nhiét tai kénh ngang so 3 cua Lo phdn itng hat
nhan Da Lat. H¢ tring phung gamma- gamma dung dé thu thép s6 liéu. Ung dung mau lop
dé xdc dinh spin va dé chan le cua mot sO mirc trung gian méi. Két qua da xap xép dwoc
50 cdp chuyén doi gamma néi tang hai bwde vao so do mire. Bé sung dwoc 23 mire v phét
hién 11 nang luwong mdi ciia chuyén doi gamma so voi thu vién LANL [9].
Tir khoa: gamma ndi tang hai budr, hé trling phiing, spin va do chan 16, mau 16p hat nhan.
ABSTRACT
Determination of some gamma two-step cascades of *°Mn by **Mn(n, 27)°°Mn reaction

Investigation of gamma two-step cascades is one of the experimental nuclear physics
which is testing and explanation for the nuclear structure. In this paper, we investigated
gamma two-step cascade of *°Mn which are the energy of nuclear de-excitation by
captured thermal neutron of >>Mn target. The thermal neutron source is thermal neutron of
3" horizontal channel of Dalat nuclear reactor. The spectrum system is gamma-gamma
coincidence system collected. Application for the shell model to determine for spin and
parity of new intermediate levels. The results are arranged 50 gamma two-step cascades in
the nuclear scheme. Adding 23 new energy levels and 11 new energy of gamma rays
compared LANL [9].

Keywords: gamma two-step cascades, coincidence system, spin and parity, shell model.

1. Tong quan
Vat liéu Mangan thuong duoc sir dung trong ché tao LO phan Ung hat nhan.
Mangan dugc pha tap trong mot sb hop kim trong cac thiét bi cau tao thanh 10, 16i 10,
. Do vay, d¢é tiép can cong ngh¢ L0 phan ing thi viéc hiéu rd céc tinh chit ciia nguyén
Ilcu 1am nén Lo phan tng 1a can thiét va thiét thyc.
*Mn thuong ton tai & dang 6xit trong ty nhién. P phd bién dong vi cia *>Mn
trong tu nhién 1a 100%, tiét dién bét neutron nhiét 1a 13.3 barn [5]. **Mn 12 hat nhéan
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trung binh, gdm 25 proton va 31 neutron. O trang thai co ban, theo mau 16p, su phan b
cac nucleon trong hat nhan c6 thé mo ta nhu sau:

- Phan bé proton: 1s?1p?%,1p?,1d%,2s2,1d%,1f>, .
- Phan bé neutron: 1s?,1p%,1p2,1d¢,2s2,1d%,15,2p3 .

0 trang thai co ban, spin va do chan 1¢ cua *®Mn dugc xac dinh theo quy tac
Brennan — Bernstein [3]. Theo nguyén tic ndy, ¢ trang thai co ban, **Mn c6 spin va do
chin 1¢ 1a 3". Két qua nay phu hop véi céc cong trinh cong bé lién quan. [6, 7]

Khi bét neutron, ngodi viéc phat birc xa beta, phan con lai tao thanh hat nhan
**Mn. Hat nhan **Mn & muc nang luong kich thich B, (nang luong lién két ciia neutron
v6i hat nhan) co trang thai kép voi spin va do chin 1é 12 2" va 3°[6, 7]. Hat nhan **Mn
giai kich thich bang cach phat cac buc xa gamma. Cac nghién ctu thyc nghiém qua
trinh giai kich kich cua hat nhan **Mn d4 duoc thyuce hién tir kha som. [3, 4, 5, 8]

Tuy nhién, van d& han ché cua viéc do dac bang phuong phap st dung hé do don
detector 1a viéc anh huong ciia nén phong compton Ién cac dinh phat gamma c6 cudng
d6 thap. D& thay ¢ thiéu sot nay 1a khi tra ctru s6 liéu cua *°Mn tai thu vién [9]. CO rat
nhiéu birc xa gamma phat ra tir **Mn vin chua xac dinh dugc muc ning lugng trén va
dudi, diéu nay 1am cho viée giai doan cau tric hat nhan ctia *®Mn tré nén khé khan hon.

Bang phuong phap do trung phung gamma-gamma d& dap tmg mot phan trong
viéc khic phuc nhuge diém cia hé do don detector. Anh huéng ciia nén phong
Compton dugc cai thién tir viéc thu nhan dit liéu tring phung hai hay nhiéu detector.

2. Thuwc nghiém
2.1. H¢ thwe nghiém

Thuc nghiém duoc tién hanh tai kénh ngang s6 3 cia Lo phan tng hat nhan Pa
Lat. Thong luong neutron nhiét tai vi tri dat mau ~10° n/cm?¥/s [2]. Buong kinh chum
neutron 1a 1,5 cm. Bia mau Mangan & dang 6xit MnO, dang bot, duong kinh 2 cm, day
1 mm, nén trén may nén 10 tin. Hinh 1 trinh bay hinh anh cta bia mau MnO, st dung
trong thuc nghiém. Hinh 2 trinh bay céc bé tri thi nghiém.
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Hinh 1. Hinh hoc bia mau **Mn Hinh 2. Vi tri twong doi gitka bia Mau, chiim
neutron va detector
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HEé do duoc sur dung trong thu thap s6 lidu chuyén doi gamma ndi tang hai budc
Ia h¢ tring phung gamma-gamma. So d6 hé do dugc trinh bay ¢ Hinh 3.

DET1 _ » AMP1 ADC1 <=»

» TFAL CFD1 M P

=—p( ) Target J_,F.com > ; L c
DET2 ™ | AmP2 ADC2 |« >

Hinh 3. So dé hé do thuc nghiém

Khoang cach tir bia mau dén mdi detector (DET) 1a 5 cm. Tin hiéu thoi gian tir
hai 161 ra & 2 detector dugc cac khdi khuéch dai nhanh (TFA) khuéch dai va tao dang
can thiét, sau d6 dua t6i cac khdi gat ngudng hang (CFD). Gat ngudng hang CFD dugc
sir dung dé loai trir nhiéu va anh hudng cia cac birc xa gamma ning luong thip. Xung
ra tir cac khéi gat ngudng hang di t6i 16i vao cua khéi tring phung nhanh (F.COIN).
Khéi tring phing nhanh ¢6 do rong ctra sO thoi gian 12 30 ns xac dinh diéu kién triing
phiing theo mit ting cia xung. Ldi ra cuia khéi triing phiing sé& 1a xung duong va xung
nay duoc sir dung dé mo Gate ciia hai ADC. Nhu vay, khi phéan ra gamma ndi tang
duoc ghi boi ca hai detector thi s& c6 mot xung duong & 161 ra caa khéi tring phung
nhanh cho phép hai ADC bién d6i. Tin hiéu ning luong E tir 16i ra cta hai detector
duogc cac khdi khuéch dai phé (AMP) khuéch dai va tao dang can thiét. Tin hiéu ¢ 16i
ra cac khuéch dai phd tré hon so véi tin higu 161 vao mot lwong tuy theo thoi gian hinh
thanh xung cta bd khuéch dai (c& ps), trong khi tin hiéu & 16i ra ciia khdi triing phiing
nhanh tr& hon so véi tin hiéu & 16i ra T ctia dau do chi ¢& ns. Nhu vay, dé dong bo thi tin
hiéu & 16i ra ciia khdi tring phuing phai dugc 1am tré di mot luong tuy theo thoi gian hinh
thanh xung cua bo khuéch dai phé. Trong thuc nghiém nay, do tré dugc chon 137 ps.

Phuong phap ghi do tich luy vai thoi gian do kéo dai, thu nhan s liéu 1a ghi dang
ma bién do ti 1¢ v4i nang lugng cua burc xa gamma.
2.2. Xirlisé lieu

V61 phuong phéap do trung phung, viéc thu nhén céc birc xa gamma chi thyc hi¢n
khi ca hai dau do c6 hai buc xa di va0, V6i d6 léch thoi gian khong 16n hon cira s6
trung phung (~ ns). Nhu vay, néu la tring phung that thi hai gamma nay 1a hai chuyén

doi ndi ting hodc gamma thoat don, thoat doi ctia qua trinh bién ddi hat nhan. Viéc loai
b6 gamma thoat don va thoat d6i s& dugc thuc hién trong qua trinh xir I pho.

Gia sir E; 12 ning luong tong ctia cip chuyén doi cé nang lugng so cip E; va ning
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luong thur cép E; Es= E; + Ej, va néu Es 1a nang lugng mirc cudi cua ndi t?mg, thi:

Bn=Es+ Ef=E; + E; + E¢ (1)

B, ning luong lién két ciia neutron nhiét v6i hat nhan. Cac chuyén doi gamma
ndi tang hai budc co cliing ning lugng téng cong Eq khi bi hdp thy hoan toan boi hai
dau do s& dugc ghi vao mot dinh cta phd tong. Tir mot dinh cia pho tong s€ tao ra
dugc pho ndi ting hai budc cia cac birc xa gamma tuong tng. O phé ndi tang S8 xac
dinh dugc niang luong, cudng do cua cc cip chuyén doi gamma. Trong phd ndi tang
d4 loai trir duoc su phan b 1ién tuc, nén c6 thé quan sat dugc mot sé dinh ma trong céc
phép do thudng khong phat hién dugc do nén phong Compton Cua cac buc xa gamma
nang luong cao gdy nén. Pac diém chinh cia pho nbi tang 1a ¢ cac cap dinh cia
chuyén doi ndi tang co6 vi tri dbi ximg nhau qua diém giita tuong tmg véi E42 va co
dién tich bang nhau. So d6 thuat toan xir If s6 lidu duge mé ta & Hinh 4.

v
[Chuan 6 liéu kénh/keV ]
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Y o PhokénhB [~ | chuin ning luong

Bo Tinh pho tong \/
° == Cl =1+ 15 —> \'/\

L
| Chon cac gia tri

= E'1+E2 - Eq c:i Een . . .Ea |

iyl
Pho néi tang Hi¢u chinh L Céc thong s6 cua pho
thir nhét higu suat ndi ting thir nhat
Pho néi tang Hiéu chinh L, Céc thong so clia pho
thi n hiéu suat noi tang thir n

Hinh 4. So do thudt todn tao phé tong va phé néi tang hai buée

Thong thuong, khi nghién ciru thuc nghiém, c4c mau céu trac hat nhan duoc tng
dung dé giai thich cho tirng nhom ving hat nhan va timg nghién ctu cu thé. Ching han,
khi giai doan cac luc lién két trong hat nhan thi mau giot thudng dugc st dung; véi cac
hat nhan c6 A trung binh thi mau 1ép dugc st dung trong xac dinh cac 16p, spin, do
chin 1¢ ctia mirc trung gian; va véi hat nhan ning bién dang (suy bién) thi mau tap thé
duoc ap dung cho nhitng bai todn giai thich phd quay va phd dao dong. Nhu d phan
tich & trén, *®Mn 1 hat nhan trung binh, nén 4p dung miu 16p dé giai thich va b6 sung
thuc nghiém nham xéac dinh spin va do chan 1é ciia mot mirc méi. Gia st hat nhan c6
ning lugng, spin va do chin 1¢ ¢ trang thai dau tuong Gmg 1a E;, J;, m; va trang thai cudi
la 1a Ey, J;, mt; thi nang lugng cua tia gamma phat ra dugc xac dinh tir @6 1éch gitra hai
muc nang lugng:
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E,=Ei-E (2)

Photon 1a mot bozon co6 spin bang 1, vi thé mé men goc L cua photon phai 1a
nguyén duong. Trong dich chuyén dién tir giira hai trang thai hat nhan ‘Ji”i > — ‘ J; f>
thi moment goc L cia photon dugc xac dinh tir hé thirc sau:

9 -3, |sL<d+9, 3)

D6 chin I¢ ciing duge bao todn trong qué trinh dich chuyén dién tir.

mim, e =1 4)

Do chén 1é cia photon 7, la dwong néu mt;= m;, va T, phai la am néu ;= -ms.

Vi dich chuyén gamma 1a dang dich chuyén dién thi:

7, =(-1)" (5)
va dich chuyén gamma 13 dang dich chuyén tir thi:

7, = (-1 (6)

Burc xa gamma véi L =1 goi la bure xa ludng cuc, L= 2 goi 1a blrc xa tir cuc, L=3
goi la burc xa bat cuec...

Nhu vay do da cuc cua buc xa gamma dugc xac dinh béng 2-.DoL>0 n(:an
khong ton tai don photon ung véi dich chuyén Eo. Hinh 5 minh hoa mot so dich chuyén
dién tir va bac da cuc. [4]

2 4" 12
E2 E4 El El
E1 E2
A 2'_ v 3/2"
= E2 M1|E2
AP 0t _vw A 1/2% _ A

Hinh 5. Minh hoa spin, chdn 1é va béc da cuc cia mét sé dich chuyén
Theo [3] ¢6 thé thay:

- Néu trong dich chuyén d4 ton tai dich chuyén dién thi khdng xuat hién dich
chuyén tu;

- Trong moét dich chuyén gamma khong xuat hién hai loai dich chuyén cung loali,
nghia 1a khong ton tai dong thoi cac dich chuyén dién khac bac da cuc, hay dich
chuyén tur khac bac da cyc trong cung mot dich chuyén gamma;

- Dich chuyeén ludng cuc tir kém theo dich chuyén tur cuc dién trong cung moét dich
chuyén gamma.

Vi xac suét dich chuyén cing loai (dién hodc tir) gitra hai bac lién tiép (vi du bac
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2
(2L +3)*"

[1]), nén véi hat nhan c6 thoi gian song ngén (nho hon ps), thuc nghiém chi do dugc 1a
loai burc xa ludng cuc dién E1, birc xa ludng cuc tr M1 va bire xa tir cyc dién E2.

da cuc L va bac da cuc L + 1) 12 vo cung 16n (xap xi R 1a ban kinh hat nhan

3. Két qua, tinh toin va bién ludn
3.1. Két qui

Thuc nghiém duoc tién hanh do dac trén kénh ngang sé 3 cua Lo phan ung hat
nhan Pa Lat. Thoi gian do thyc nghiém 14 100 gio. S6 liéu luu giit theo phuong phap
cong bién do, lu'u trlr dudi dang ma Céc sy kién trung phung. Hinh 5 trinh bay mot phéan
phé tong ctia *°*Mn. Hinh 6 12 phé nbi tang tuong mg voi dinh tong 7270.50 KeV. Két
quéa thyc nghiém phan tich véi cac phd ndi tang ciia cac dinh tong: 7270.50 keV,
7243.39 keV, 7159.50 keV, 7058.00 keV, 6929.05 keV, 6815.00 keV va 6783.75 keV
d& xac dinh dugc 50 cap chuyén doi hai budc. Bang 1 trinh bay két qua phan tich.
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Bing 1. C4c cdp chuyén doi gamma néi tang hai buéc cia Mn®® tir phan ung
>Mn (N, 27)°°Mn bang phirong phdp do tring phiing gamma-gamma

Stt E; (keV) E, (keV) EL (keV) AE, (KeV)
E.+ E,= 7270.50 keV. E¢= 0 keV
1 5760.28 1509.88 1510.22 0.34
2 5525.81 1744.21 1744.69 0.48
3 5253.70 2016.50 2016.80 0.30
4 5180.39 2090.40 2090.11 0.29
5 4873.81 2396.40 2396.69 0.29
6 4828.52 2443.10 2441.98 112
7 4689.75 2582.00 2580.75 1.25
8 4267.08 3003.16 3003.42 0.26
9 3927.25 3343.90 3343.25 0.65
E.+E,= 7243.39 keV. E¢= 26.60 keV
10 6104.24 1139.28 1166.26 0.38
11 5919.26 1324.60 1351.24 0.04
12 5432.90 1811.40 1837.60 0.40
13 5180.39 2063.21 2090.11 0.30
14 5067.00 2176.60 2203.50 0.30
15 4949.07 2294.54 2321.43 0.29
16 4873.81 2369.40 2396.69 0.69
17 4565.93 2677.70 2704.57 0.27
18 4380.75 2863.40 2889.75 0.25
19 3979.15 3265.00 3291.35 0.25
E. + E= 7159.50 keV. E;= 110.50 keV
20 6104.24 1055.39 1166.26 0.37
21 5436.55 1723.40 1833.95 0.05
22 5035.12 2124.50 2235.38 0.38
23 4949.07 2210.64 2321.43 0.29
24 4907.65 2252.80 2362.85 0.45
25 4841.00 2319.14 2429.50 0.14
26 4565.93 2594.50 2704.57 0.43
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27 4550.34 2610.60 2720.16 0.94
28 3752.04 3408.85 3518.46 0.89
E1+ E,=7058.00 keV. Ef= 212.03 keV
29 6031.15 1027.40 1239.35 0.08
30 5919.26 1139.28 1351.24 0.07
31 5525.81 1531.40 1744.69 1.26
32 5436.55 1620.40 1833.95 1.52
33 5198.90 1858.40 2071.60 1.17
34 5180.39 1877.20 2090.11 0.88
35 5067.00 1990.60 2203.50 0.87
36 5015.41 2043.70 2255.09 0.64
37 4724.49 2333.20 2546.01 0.78
E1+ E;=6929.05 keV. Ef= 340.99 keV
38 5525.81 1403.00 1744.69 0.70
39 5180.39 1749.00 2090.11 0.12
40 5015.41 1915.00 2255.09 0.90
E1+ E>=6815.00 keV. Ef= 455.50 keV
41 5525.81 1289.40 1744.69 0.21
42 5678.60 1137.28 1591.90 0.88
43 5253.70 1562.40 2016.80 1.10
44 5015.41 1801.40 2255.09 1.81
45 4724.49 2090.40 2546.01 0.11
E1+ E>=6783.75 keV. Ef= 486.31 keV
46 5525.81 1257.60 1744.69 0.78
47 5035.12 1749.00 2235.38 0.07
48 4828.52 1956.40 2441.98 0.73
49 4445.75 2338.40 2824.75 0.04
50 4104.43 2678.70 3166.07 1.06

Ghi chl: E; va E; 1a ning luong cua cic gamma chuyén doi ndi tang so cap va thir
cap; EL, AE, la mirc ning lwong mirc trung gian va sai s6.
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3.2. Tinh toan va bi¢n lugn

O s6 liéu Bang 1 cho thiy da xac dinh va xép duoc 50 cip chuyén doi gamma ndi
tang vao so do phan rd ctia >®Mn. So véi s6 liéu trong thu vién LANL, c¢6 23 mirc trung
gian duogc phat hién méi va c6 11 tia gamma duoc bd sung. Sir dung qui tic xac dinh
spin va do chin 1& cia cac mirc méi dua vao céac cong thirc (3), (4), (5) (6) voi cha y la
spln va d6 chan 1¢ cia ®*Mn ¢ mirc B, 12 2" va 3, mirc co ban 1a 3*; dong thoi can tinh
dén xac suét dich chuyen dién tr, dich chuyen cung bac cho cung Ioal va khéc loai nhu
d4 phan tich ¢ trén. Két qua xac dinh spin va do chin 1¢é cac mirc méi nhur sau:

- O dinh téng 72705 keV: cac murc trung gian 1a 1744.69 keV, 2441.98 keV,
2582.75 keV, 3343.25 keV va 2090.11 keV la nhitng mirc tao thanh do chuyén doi
gamma dang ludng cuc dién (E,) tir B, nén c6 spin kha di theo Ii thuyét 1a 2* hoac 4™
Sau d6 tir c&c muc trung gian nay s& phat gamma theo dich chuyén hén hop ludng cuc
tir va tir cuc dién (M, + E,) dé tro vé mie co ban.

- O dinh téng 7243.39 keV: cac muc trung gian 1a 1351.24 keV, 1837.60 keV,
2396.69 keV va 2889.75 keV la nhitng mirc tao thanh do chuyén doi gamma dang ludng
cuc dién (E,) tir By, nén c6 spin kha di theo Ii thuyét 12 1* hodc 3" (do xac suét chuyén doi
dién tir, nén khong thé 1a 2* va 4" vi cac mirc ndy chuyén vé mic trung gian tiép theo la
26.60 keV c06 spin la 2+ [9]). Sau d6 tir c&c murc trung gian nay sé phat gamma theo dich
chuyén hdn hop ludng cuc tir va tir cuc dién (M; + E,) dé tré vé miic 26.60 keV.

- O dinh tong 7159.50 keV: cac mirc trung gian 12 2235.38 keV, 2362.85 keV, 2429.50
keV, 270457 keV va 2720.16 keV la nhitng mic tao thanh do chuyén doi gamma dang
ludng cuc dién (E,) tir B, nén c6 spin kha di theo Ii thuyét Ia 2* (do xac suat chuyén doi
dién tir, nén khong thé 12 1 va 3* va 4* vi cc muc nay chuyén vé mirc trung gian tiép theo
12 110.50 keV c0 spin la 1+ [9]). Sau do tir cdc muc trung gian nay s€ phat gamma theo dich
chuyén hdn hop ludng cuc tir va ti cuc dién (M, + E,) dé tré vé muac 110.50 keV.

- O dinh tong 7058.00 keV: cac muc trung gian la 1239.35 keV, 1833.95 keV,
2071.60 keV va 2203.50 keV 1a nhitng muc tao thanh do chuyén doi gamma dang
ludng cuc dién (E,) tir By, nén c6 spin kha di theo Ii thuyét 12 2* hodc 3*. Sau do tir cac
muc trung gian nay sé phat gamma theo dich chuyén hdn hop ludng cuc tir va t cuc
dién (M, + E,) dé tro vé mirc 212.03 keV vai spin va do chan 1é mac nay 12 4" [9].

- O dinh toéng 6929.05 keV: chi c6 mirc trung gian mai 1a 2255.09 keV. Mirc nay
duoc tao thanh do chuyén doi gamma dang ludng cuc dién (E,) tir B, nén c6 spin kha
di theo Ii thuyét 12 2%, 4", sau d6 tir mirc trung gian ndy s& phat gamma theo dich
chuyén hdn hop ludng cuc tir va tir cuc dién (M, + E) dé tré vé muc 340.99 keV cd
spin va do chan 1¢ 3*. [9]

- O dinh tong 6815.00 keV: cac mirc trung gian 14 2016.80 keV va 2546.01 keV c6
chuyén doi gamma ludng cuc dién E;, nén c6 spin kha di theo If thuyét 12 2*va 4*. Sau
do tir c4c murc trung gian nay sé phat gamma theo dich chuyén hdn hop ludng cuc tir va
t cuc dién (M, + E,) dé trg vé& 455.50 keV (3%).

- Tuong ty Véi dinh tdng 6783.75 keV: cac mirc trung gian 12 2441.98 keV va 2824.75
keV, 1a nhitng mtc tao thanh do chuyén doi gamma dang ludng cuc dién (E;) tir B, nén c6
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spin kha di theo |7 thuyét 12 2%, 4*. Sau d6 tir cAc muc trung gian nay s& phat gamma theo
dich chuyén hdn hop ludng cuc tir va tir cuc dién (M, + E,) dé tro vé 486.31 keV (3%).

Dic biét, trong qua trinh phén tich pho ndi tang tir cac dinh tong, ngodi cac muc
trung gian méi vira néu & trén, con phat hién thém dugc mot sd niang luong gamma méi
do 1a 1811.4 keV, 1723.4 keV, 1027.40 keV, 1531.40 keV, 1620.40 keV, 1858.40 keV,
1956.40 keV, 1289.40 keV, 1562.40 keV, 1801.40 keV va 2090.40 keV.

4.  Kétluan

Bang phuong phap kich hoat neutron nhict tai kénh ngang s6 3 ctia Lo phan tng
hat nhan Pa Lat va do cac chuyén doi gamma n01 tang hai budc khi giai kich thich ctia
Mn d4 thu nhan dugc 50 cip chuyén doi ndi tang trong ving ning lugng tir B, dén
hon 1 MeV. Két qua c6 23 mirc méi duoc phét hién va 11 tia gamma nang lrong méi
s0 voi thu vién LANL cong bd.

Bang phuong phap do tring phing gamma-gamma d4 khic phuc dugc han ché
cua nén phong Compton anh huéng 18n nhimg dinh quang dién c6 cuong do phat thap.
Pay ciing 1 vu diém ciia phuong phép so voi hé do sir dung mot detector.

Voi viée ing dung miu 16p dé xac dinh spin va do chin 1¢ ciia cic muc trung
gian madi ciing nhu cac mirc d4 nghién ciu boi cac cong trinh trude day, két qua cho
thdy & cac mirc d& cong bd bang thuc nghiém kha phll hop véi cach tinh I thuyét. Diéu
do6 chimg to hat nhan **Mn phl hop véi giai doan ctia mau don hat.
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