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PANH GIA CAC MO HINH MAT PQ MUC CUA HAT NHAN *°sm

Nguyén Ngoc Anh!
Nguyén Ngec Huynh?
TOM TAT
Bai Viét nay déanh gid cdc mé hinh mat dé mirc hat nhan tinh cho hgt nhan *>3Sm.
Cdc mé hinh dwoc danh gid bao gom: Back-shifted Fermi Gas (BSFG), Constant
Temperature (CT), Hartree-Fock BCS (HFBCS), Hatree-Fock-Bogoliubov plus
combinatorial method (HFBC). Cdc mé hinh dwoc ddnh gid diwa trén so sanh véi so
lieu mize gian doan béo cao trong Nuclear Data Sheets (NDS), mdt d¢ mirc xdc dinh
tir phirong phdp Oslo va khoang cach mizc trung binh & ndng hrong lién két notron.
Két qud danh gid cho thay ca hai md hinh hién wong lugn BSFG va CT déu khong
thé md td tot s liéu thirc nghiém. Md hinh HFBCS chi ¢6 thé md td diroc viing ning
lieong kich thich dwéi 0,5 MeV, trong khi @6 md hinh HFBC mgc du cé thé mo ta tat
mdt dé mitc toan phdn nhung khéng thanh céng khi mé ta mdt dé mirc riéng phan
cho ddi spin tir 0,5 dén 1,5 h.
Tir khoa: Mdt dé muc hat nhan, *3Sm

1. Mé dau

Hat nhan *>3Sm 1a mot hat nhan bién
dang, trong viing céc hat nhan ning (sé
khdi A>150), do d6 co ciu tric muc
kich thich phuc tap. Cau tric muc kich
thich cua **Sm chira dung thong tin cua
nhiéu qué trinh vat 1y khac nhau vi du
nhu hiéu tng quay, hi¢u tng dao dong,
hiéu ung lién két cap va bé gay lién két
cap. Nghién ciru cdu tric mec cua >3Sm,
do @6, 1a can thiét. Thong qua dé, cac
hiéu tng vat ly c6 thé dugc hiéu biét mot
cach ro rang hon.

MGt trong céc thdng sé quan trong
cta cau trdc muac 1a mat d6 muc hat
nhan. Dé mo ta mat do mac hat nhan,
nguoi ta xdy dyng cdc mé hinh. Back-
shifted Fermi Gas (BSFG) [1], Constant
Temperature (CT) [1], Hartree-Fock
BCS (HFBCS) [2] va Hatree-Fock-
Bogoliubov plus combinatorial method
(HFBC) [3] 1a bén md hinh co db tin
cay cao va duoc str dung pho bién nhat.

'vién Nghién cau hat nhan
Email: ngocanh8999@gmail.com
%Cuc An toan bure xa va hat nhan

Hai md hinh dau 1a ca&c mé hinh thyuc
nghiém, cac tham sé tu do cua cac md
hinh nay duoc xac dinh tur thuc nghiém.
Hai mé hinh sau la cac md hinh vi mé,
trong d6 cac gia thiét vé thé tuong tac
va cac hiéu ung duoc st dung dé tinh
toan mat d6 trang thai cua hat nhan. B0
tin cay va kha nang tién doan cua cac
moé hinh nay can phai duoc danh gia
thong qua viéc so sanh chling vai cac s6
liéu thuc nghiém da co.

Bai viét nay tién hanh danh gia 4
md hinh mat &6 mac hat nhan, bao gom
BSFG, CT, HFBCS va HFBC dua trén
cac sb lieu thuc nghiém sau day: mirc
gian doan tur Nuclear Data Sheets
(NDS) [4], mat d6 mirc toan phan xéac
dinh tr phuong phéap Oslo [5] va
khoang cach muc trung binh ¢ nang
lugng lién két notron [6].

2. Phuwong phap danh gia

Pé danh gia cac mod hinh mat do
muc, ching toi tién hanh so sanh céc
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md hinh véi céc sb liéu thuc nghiém &
hai dang biéu dién: dang duong s6 dém
tich 1oy theo nang lwong kich thich va
dang mat d6 muc. Dang dudng dém tich
lity thich hop dé so sanh véi sé liéu
Mmuc gian doan, trong khi d6 dang mat
d6 mirc giup so sanh véi khoang céach
muc trung binh & niang luong lién két
notron. Ngoai ra, mat do muc toan phan
(tinh cho toan bo cac spin) va mat do
muc riéng phan (tinh cho spin tir 0,5
dén 1,5 ) ciing duoc so sanh doc lap.
Dai spin tir 0,5 dén 1,5 A duoc lya chon
vi day 14 cac spin co tan suat xuat hién
I6n trong NDS [4].

Dang ham mat do6 mac caa c&c mb
hinh BSFG va CT duoc tham khao tur
tai liéu [1]. Tham s6 tu do cua cac mo
hinh nay dugc trich tur tai liéu [7]. Mat
dd muc tinh boi cac mdé hinh vi mo6
HFBCS va HFB duoc lay tir cac thu
vién RIPL-2 [8] va RIPL-3 [6].

Mat do muc tai ning luong lién két
notron, p(B,), dugc xac dinh tir khoang
cach muc trung binh tai nang lugng lién
két notron. Ddi véi 3Sm, p(By) =
(1,754 0,36) x 106 (MeV) [6].
Trong khi d6 mat do muc trong vung tur
0 dén 3,5 MeV xac dinh bang phuong
phap Oslo duoc lay tir tai liéu [5].

Pé xac dinh duong sé6 dém muc
tich Iy tur cdc gid tri mat d6 muc,
ching t6i sir dung cong thuc truyén
théng [9]:

N = |
0

E

p(E)dE, (1)
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Cong thirc (1) dugc sir dung dé xac
dinh duong tich lity cho tat ca cac mo
hinh dugc danh gia va sb liéu cua Oslo.

Mat @ mirc xac dinh tir cac muc
gian doan trong NDS bing cach dém s
murc trong mot khoang nang luong Xac
dinh va chia sé mtc dém dugce cho do
rong khoang nang luong (tinh theo don
Vi MeV).

3. Két qua va thao luan

Hinh 1 so sanh duong s6 dém tich
Ity thuc nghiém véi cac mo hinh hién
tugng luan. D& thay rang mo hinh CT
mo ta tot cac duong tich liy thuc
nghiém cho dai spin tr 0,5 dén 1,54
nhung lai 1éch kha xa so véi cac duong
tich liiy toan phan ¢ ving ning luong
thap (<1,5 MeV). Trong ving nay sé
liéu thuc nghiém cua Oslo va cuaa NDS
c6 su phu hop rat tét véi nhau, do do,
khong mé ta tét sé lieu thuc nghiém
trong ving nay 1a mot han ché 16n cua
m6 hinh CT. Mt khac ciing c6 thé thiy
rang md hinh CT gia thiét mat do muac
bang dang ham e mil. Pay la mot dang
ham qué don gian, ma do d6 khong thé
mo ta duoc cac thing giang cua s liéu
thuc nghiém. Ddi véi md hinh BSFG,
dé thay ring mé hinh ndy hau nhu
khéng thé md ta cac sb liéu thuc
nghiém. Cac m6 hinh hién tuong luan
bi phu thudc rat manh vao gia tri cac
tham sb tu do va dang ham cua ching,
do d6 viéc cac md hinh nay khdng thé
mo ta duoc s6 lidu thyc nghiém 1a hoan
toan d& hiéu.
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Hinh 1: So sdnh dwong sé dém muc tich iy thuc nghiém cua **Sm vdi tién dodn
cua c&c mo hinh hién twong lugn (BSFG va CT)

Gigi han cua cac md hinh hién
tuong luan cé thé duoc giai quyét boi
cac mdé hinh vi mé. Hinh 2 so sanh
duong tich lay tién doan boi cd&c mo
hinh HFBCS va HFB vai cac so lidu
thuc nghiém. D& nhan thay 1a mé hinh
HFBCS chi c6 thé md ta dwoc mot
khoang sb liéu thuc nghiém rat nho
(ving dudi 0,5 MeV), ¢ cac viing nang
luong cao hon, HFBCS tién doan gia tri
cao hon khoang 10 lan so véi cac gia tri
thuc nghiém. Trong khi d6 md hinh
HFBC (HFB+ va HFB- cho hat chan va
hat ¢ trong hinh 2), mé ta tét duong
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tich lity toan phan. Tuy nhién, HFBC lai
hoan toan that bai khi md ta duong tich
lity riéng phan.

Hinh 3 (trai) so sanh cac md hinh
Vvéi s6 liéu thuc nghiém duédi dang biéu
dién mat do muc toan phan. D& dang
nhan thiy rang toan bo cac md hinh
hién tai déu khong thé md ta duogc
p(B,). Ngoai ra, tién doan cua cac mo
hinh ciing déu nam ngoai dai sai s6 cua
s6 liéu thuc nghiém khi so sanh vaéi mat
d6 muc riéng phan cuaa dai spin tir 0,5
dén 1,5 A (xem hinh 3 (phai)).
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Hinh 2: So sdnh dwong sé dém mue tich iy thuc nghiém cua ***Sm vdi tién dodn
cua cac mé hinh vi mé (HFBCS va HFB)
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Hinh 3: So sanh mdr do murc thuc nghiém véi cac md hinh BSFG, CT, HFBCS, HFB

4. Két luan

Dy doan cho ***Sm ctia 4 mo hinh
mat d6 muac hat nhan: BSFG, CT,
HFBCS, va HFB da duoc dénh gia bang
cach so sanh véi s6 liéu mirc gian doan
bdo cdo trong Nuclear Data Sheets
(NDS), mat @6 mirc xac dinh tir phuong
phap Oslo va khoang cach muc trung
binh & ning luong lién két notron.

Céac mé hinh hién tuwgng luan (BSFG
va CT) phu thuéc manh vao dang ham
toan hoc va tham s tu do, do vay khéng
thé md ta tét sb liéu thuc nghiém.

Trong s6 2 mé hinh vi mé duoc
khao sat, chi c6 md hinh HFBC m6 ta
duoc mat d6 mac toan phan. Tuy nhién,
md hinh nay lai khéng thanh cong khi
md ta mat d6 muc riéng phan cho dai
spin tir 0,5 dén 1,5 A.

Pé cai thién kha nang mo ta mat do
muc hat nhan cho hat nhan **3Sm, viéc
x&y dung mot mo hinh vi mé méi hoac
cai tién cdc md hinh vi md hién cé, can
phai dugc thuc hién.
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EVALUATION OF LEVEL DENSITY MODELS FOR ***Sm NUCLEUS

ABSTRACT

This article evaluates the predictions for the ***Sm nucleus of various nuclear
level density models. The evaluated models include Back-shifted Fermi Gas (BSFG),
Constant Temperature (CT), Hartree-Fock BCS (HFBCS), Hatree-Fock-Bogoliubov
plus combinatorial method (HFBC). The evaluation is based on the comparison
between the predictions of these mentioned models and a few experimental data,
namely the discrete levels from Nuclear Data Sheets (NDS), the nuclear level density
extracted by the Oslo method, and the average spacing at the neutron binding
energy. The results obtained indicate that phenomenological models (BSFG and CT)
are not able to well describe the experimental data. At the same time, the HFBCS
only describes the experimental data for the energy region below 0,5 MeV, whereas
the HFBC describes well the total nuclear level density but fails to describe the
partial nuclear level density for the spin range from 0,5 to 1,5A.
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