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Tom tit:

Trong nghién ciru nay, cac tac gia danh gia lai gia trj tham s6 mat d§ mirc a, tham s6 mat d9 mirc tiém cén a, va
tham so nang lwgng dich ngugc trong mau khi Fermi dich chuyén ngugc cia hat nhin 'Sm. Qua trinh danh gia du’a
trén cac so liéu thue nghiém vé so dd mirc hat nhin trong Thuw vién s0 liéu cAu tric hat nhian dwgc danh gia (ENSDF -
Evaluated Nuclear Structure Data File), khoang cach mirc trung binh tai ning lwgng llen két ciia neutron (D ) VA 50
liéu cap nhat vé so' do mirc hat nhan trong nghlen ctru thue nghlem phéan ra gamma ndi tang dwoc thue hién trén Lo
phan g hat nhan Pa Lat. Cac bd gia tri tham s6 méi cip nhat lin lwgt 1a (1) @=18,09+0,25 MeV-' va E =-0,92+0,07
MeV cho trwong hgp a khong phu thudc vao nang lwong; va (2) a y—15 00+0,20 MeV"' va E =-0,81+0, 08 MeV cho
truong hop a phu thudc vao ning lwgng. Mat do mirc xac dinh dlro'c tir cac by tham 50 cap nhat trong thuc nghlem
cia nhém nghién ciru phu hop véi cac 50 liéu thwe nghiém hon so véi mat d) mire xac dinh dwge tir by tham so co
trong Thu vién tham s0 hat nhan (RIPL-3) phuc vu tinh toan phan rng hat nhan va danh gia s0 liéu hat nhan. Do
d6 c6 thé két luan riang, cac gia tri mat do mirc cip nhat dwoc xac dinh trong cong trinh nay cé dd chinh xac va tin
cily cao hon céc gia tri hién cé trong Thur vién RIPL-3. Do d6 khuyén cdo cac nghién ciru vé sau nén sir dung cac gia
tri mat do mirc cip nhat nay.

Tir khéa: miu khi Fermi dich chuyén nguoc, tham s6 mét d mirc, tham s6 mat dp mirc tiém cén, tham sb nang
lwgng dich chuyén nguge.

Chi s6 phén loai: 1.3

Tong gquan

Mat d6 mirc hat nhan dugc dinh nghia 13 s6 muc kich
thich hat nhan trén mét don vi nang luong kich thich. Bay
12 mot tham s6 rat quan trong trong cac nghién ctru vé phan
ting hat nhan, dic biét 1a phan tng téng hop hat nhan trong
vét ly thién van [1, 2]. Méc du vay, do cac gi6i han vé diéu
kién, sb lugng dir liéu thyc nghiém vé mat do mirc hat nhan
hién con rat han ché, dic biét 1a tai ving ning luong kich
thich cao (trén 20 MeV). Trong cic ving ma sd liéu thuc
nghiém chua cd, mat d6 murc hat nhan duogc xac dinh tu cac
moé hinh 1y thuyét. Mot trong sé cac md hinh don gian va
phé bién nhat duoc sur dung dé mo ta mat d6 mirc hat nhan
1a mAu khi Fermi dich chuyén nguoc (Back-Shifted Fermi
Gas - BSFG) [3]. M6 hinh BSFG chira hai tham s tu do 1a
tham s6 mat do muc a (hodc tham s6 mat d6 muc tiém can
a, ) va tham so ning lugng dich chuyén nguoc E - Gia tri
clia cac tham sb nay cho tung hat nhan duoc xac dinh bang
cach 1am khép mo hinh BSFG véi cac dit liéu vé sb dém
mirc tich liy (thuong duge cung cdp boi cac thu vién sd
lidu hat nhan, vi du nhu thu vién sb liéu ciu triic hat nhan
ENSDF [4]) va khoang cach mtrc trung binh D, tai nang
lwong kich thich bang dung niang lwong lién két cua neutron
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voi hat nhan [5, 6]. B§ chinh xac cia mat d6 mac xac dinh
tu mo6 hinh BSFG phu thudc rat 16n vao do chinh xac va tin
cdy cua cac tham so tu do a (hodc a, ) vak,.

Déi v6i hat nhan '$Sm, gia tri tham s6 tu do a, vak,
hién tai c6 thé dugc tim thdy tir co s¢ dir lidu hat nhén tham
khao RIPL-3! [7] va dua trén viéc phan tich s6 liéu thuc
nghiém vé so d6 mirc hat nhan ctia '3Sm cép nhat dén nam
2006 [8]. Tuy nhién, trong cong trinh nghién ctru gan day
nhit, chung toi da cong bb mot sb lwong 16n sb liéu méi
trong so do muc cua hat nhan '3Sm thu duoc tir phd phan
rd gamma ndi rang tir phan tng '2Sm (», v)'%*Sm vi ngudn
neutron nhiét to Lo phan ung hat nhan Pa Lat [9]. Cac dit
lidu cap nhat méi nay cho phép danh gid lai cac tham sb tu
do cua mo hinh BSFG cho hat nhan **Sm.

Muc dich chinh cta nghién ctu nay la danh gia lai gia
tri ciia cac tham s6 tu do trong mo hinh BSEG trén co s&
céc s lidu cap nhat vé so dd mure thuc nghiém cda hat nhan

Mot thu vién cac tham sd hat nhan tham khao. Pay la mot trong s6 cac thu
vién sd liéu hat nhan dugc st dung rong rai nhat trong cong di”)ng nghién ctru
vét Iy hat nhan thé giéi.
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Abstract:

The present work re-evaluates thelevel density parameter
a, asymptotic level density parameter a,. and back-
shifted energy parameter E, within the back-shifted
Fermi gas model (BSFG) for the 3Sm nucleus. This
reevaluation is based on the experimental nuclear level
scheme extracted from the ENSDF library, the average
level spacing at the neutron binding energy (D, value),
and the latest updated nuclear level scheme obtained
from an experimental gamma cascade experiment, which
was performed at the Dalat Nuclear Research Reactor
using the thermal neutron beam. The updated values of
the BSFG level parameters are: (1) a=18.09+0.25 MeV!
and E=-0.92+0.07 MeV for the energy-independent
level density parameter; and (2) aasy=15.00:I:0.20 MeV!
and E =-0.81+0.08 MeV for the energy-dependent level
density parameter. It has been found that the total
nuclear level densities calculated using these updated
parameters agree with the experimental data better than
those using parameters taken from the nuclear reference
database RIPL-3. These updated parameters are more
accurate and reliable than those extracted from RIPL-
3 and are, therefore, highly recommended for all the
applications hereafter.

Keywords: asymptotic level density parameter, back-
shifted energy parameter, back-shifted Fermi gas model,
level density parameter.
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153Sm trong cong trinh trude d6 [9]. Cac tham sé mai nay co
y nghia quan trong trong viéc danh gia cdc mo hinh mat do
mirc ciing nhur cac tinh toan lién quan t6i tiét dién phan tng
nang lugng thip.

Mé hinh khi Fermi dich chuyén ngugc va phuong phap xac
dinh gia tri tham so tu do
M@é hinh khi Fermi dich chuyén ngwoc

Theo mo6 hinh BSFG, mat do murc hat nhan p( U,kJ) voi U
va J lan lugt 1a nang lugng va moment goc (spin) tong cong
cua hat nhan kich thich dugc tinh theo cong thiic sau [3]:

exp[Z,/ (a(U — El)]

Pgsrc(U) = 1 (1)
12v20a1((U — E;)5/4
2 1 2
f(U) =exp [%] — exp [(];02) ] 2
pU,J) = pWf () 3)

trong dé, a 1a tham s6 mat d6 mirc; £ ,1a tham sé nang luong
dich chuyén ngugc; va ¢ l1a tham s6 cat ngudn spin (spin
cut-off parameter) phu thudc vao U, a, va E,.

Mot trong sé cac cong thirc xac dinh o phd bién nhét 1a

[10]:
1+ /(1 +4a(U — Ey)) @

02 = 0,0146A45/3
2a

trong do, A 1a s6 khdi cua hat nhan (bang tong s6 neutron N
va sb proton Z). Nhin chung céc cong thic tinh tham s6 o
khac nhau khong c6 sy khac biét dang ké (xem phan tich hé
thong trong tai lidu [11]). Trong nghién ctru nay, ching toi
xé4c dinh ¢ theo phuong trinh (4) két hop véi hiéu chinh &
vung nang luong thap theo dé xuét da nhic tdi trong tai lidu
ky thuat ctia RIPL-3 [12].

Ban dau, tham s6 a trong mo hinh BSFG dugc gia thiét
la khong phu thudc vao nang lugng kich thich. Tuy nhién,
nhiéu két qua nghién ciru sau d6 da cho thdy anh huong
dang ké cua hiéu ung 16p téi mat do muc, dac biét 1a & vung
nang lugng kich thich cao. Do d6 Ignatuk va cong su [6] da
dua ra cong thire hi¢u chinh anh hudng ctia hiéu ung 16p téi
tham s6 a nhu sau:

SW(Z,4)

a(U,Z,A) = agsy |1+ U—E

[1—exp(—y(U - ED)]| (5)

trong do, a, 1a tham $6 mat dd murc tiém can. Tham s a,,
khong phu thudc vao nang lugng kich thich va do d6 cé the
thay thé a dé cung v6i E, dong vai trd 1a céc tham s6 tu do
cua mo hinh BSFG trong truong hop a dugc gia thict 1a phu
thudc vao nang lugng kich thich. Tham s6 6W(Z, A) 1a tham
s6 hiéu chinh cho hiéu ung 16p, dugc xac dinh dya trén sy
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chénh léch vé khdi luong hat nhan thyc nghiém va khoi
luong hat nhan xac dinh tr mau giot chat long, y 1a tham so
suy giam mat do.

Mot mo hinh mat d6 muc tin cdy khong chi can mo ta
t6t s& dém muc tich Iiy trong ving gian doan ma con phai
pht hop véi s6 liéu thuc nghiém vé khoang cach muc trung
binh D, [5, 6]. D,dugc xac dinh thong qua mat do mirc nhu
sau [12]:

1
0o = Ez p(Bn.Ji) (6)

voi J, 1a cac trang thai spin cua hat nhan hop phan va la
nang lugng lién két ciia neutron v6i hat nhan. D4i véi hat
nhan '3Sm, spin ciia hat nhan hop phin c6 mét gia tri duy
nhit 14 % hva B =5,868 MeV [8].

Phwong phdp xdc dinh gid tri ciia cdc tham sé tw do

Trong nghién ctru nay, ching toi tién hanh lam khop mo
hinh BSFG véi s dém muec tich lity thyc nghiém N, (E)
tur tai liéu [9] va gid tri thuc nghiém twr tai licu [7] cho hai
truong hop: a phu thudc vao nang lugng kich thich va a
khéong phu thudc vao niang lugng kich thich. Cac két qua
thu dugc s€ duoc so sanh voi mat dd muc tinh tir cac tham
s6 hién tai cia RIPL-3. Luu ¥ rang, tham s6 ctia RIPL-3 chi
tinh cho truong hop tham sé a phu thudc vao ning lugng
kich thich. Gia tri cua 6W(Z, A) va y dugc chon lan lugt bang
3,67784 MeV va 0,07671 MeV! theo RIPL-3 [7].

Do biéu thirc cia mé hinh BSFG 1a biéu thic tinh mat
d6 murc, trong khi do s6 liéu thuc nghiém lai & dang s6 dém
mirc tich luy, ching t6i sir dung biéu thirc tich phan don
gian sau day dé xac dinh dudong dém muc tich liy ciia md
hinh BSFG [12]:

Ex

Npsre (Ey) = J- Pasrc (E)AE (7)

Céc tham sé tu do a (hodc aasy) va E, cua mo6 hinh BSFG
duoc xac dinh sao cho:

J7 [ Npspg (E) = Ny (E)|2dE (8)
va

[Dg* — pgsFe]? 9)

1a cuc tiéu. Trong cac cong thirc (8) va (9), E langudng
ma & dudi mic nang lugng nay toan bd cac mirc kich thich
cta hat nhan déu da dugc phat hién bé’mg thue nghiém?. Péi
v6i hat nhan '9Sm, E,_dugc x4c dinh lan lugt bang 1,2 va
1,8 MeV dbi voi duong dém mirc tich lity toan phan (xét téi
tat ca cac spin) va dudong dém muc tich lity riéng phan (chi

2Céc mirc ndm dud6i ngudng E  c6 thé dugc phat hién nhung chua xé4c dinh
dugc mot cach don tri gid tri spin va do chén 1é.
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xét toi cac mure ¢o spin bang . ‘hval h) [9]. Qua trinh xac
dinh gia tri cia cac tham so tu do neu trén duoc thuc hién
bang chwong trinh xir Iy s6 liéu ROOT [13] va thu vién cuc
tiéu hoa MINUIT2 [14].

" Lo N
Ket qua va thao luan

Gia tri cac tham sb tu do cua md hinh BSFG cho hat
nhan '¥*Sm thu dugc trong nghién ctru ctia chung t6i dugc
trinh bay & bang 1. Két qua cho thiy, gia tri cua cac tham
s6 tu do trong trudng hop a phu thude vao ning lugng khac
biét khong nhiéu so véi bo tham s hién tai trong RIPL-3.
Gid tri D twong tmg v6i hai by tham s6 thu dugc trong
nghién cu’u va bo tham sd tir RIPL-3 déu phu hop véi gia tri
thuc nghi¢m D #=48+3 eV [7].

Bang 1. Gia tri cac tham s tu do trong méd hinh BSFG cho hat nhén
1S m,

Tham s6 ](\jzgl}(lllli”)l:lg;l;u:i{lu((;c) ning luong) Eg]l)llllel_lnt;l:{l)cn;;lg)luqng) RIPL-3
a(MeV')  18,09+0,25 =

a,, (MeV!) - 15,00+0,20 15,1040,17
E,(MeV)  -0,9240,07 -0,81£0,08 -0,8778
D56 (eV) 48,06 48,42 47,98

So sanh dudng dém muec tich lity thu duoc tir BSFG voi
céc bo tham sd trong bang 1 voi s6 lidu thyc nghiém tu tai
lidu [9] trong hai trudng hop: sé dém mirc tich luy toan phan
(tinh t6i toan bd spin ctia cac mic) va riéng phan (chi tinh
t6i cac mirc ¢ spin bang % hva % h) dugc trinh bay ¢ hinh 1.

(A) T&t ca céc spin
107
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Hinh 1. So sanh dwong dém miic tich liy theo mé hinh BSFG xac dinh
tir cac by tham s6 khac nhau véi s6 liéu thue nghiém trong tai liéu [9].
Nghién ctru nay (1) twong éng véi truong hop tham sé a khong phu
thudc vao ning lwong; (2) tham s6 a phu thude vao ning lwgng nhu
trong bang 1.



Quan sat hinh 1A cho thay, bo tham s6 ciia RIPL-3 chi
mo ta tot duong dém muc tich ity toan phan thuc nghiém
trong vung tu 0 dén khoang 0,5 MeV; trong khi d6 hai bd
tham s trong nghién ciru nay cho phép mé ta tot dén khoang
0,8 MeV. Tuong ty, v6i duong dém muc tich lity riéng phan,
hai b tham sé xac dinh tir nghién ciru ciia chung toi cho
phép mo ta tdt s6 liéu thuc nghiém tur 0 dén 1,8 MeV, trong
khi bo tham sb ctiia RIPL-3 [7] chi c¢6 thé mo ta sb lidu thuc
nghiém dén khoang 0,5 MeV (hinh 1B). Nhin chung hai bo
tham sd trong nghién ctru cta ching t6i cho phép mé ta sd
liéu dém mirc tich Ity thuc nghi¢ém da dugc cap nhat tdt hon
$0 v6i bo tham sb hién c6 trong RIPL-3 (dya trén s6 dém
mtc tich luy trude nam 2006).

So sanh mat & mtc toan phan tuong timg véi ba by tham
s6 khac nhau véi s6 liéu mat d6 mic thyc nghiém cta 'SSm
xac dinh tr phan ung (p, d) trong tai liéu [15] dugc trinh
bay ¢ hinh 2.

10? L J N T T T
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6 Thuc nghigm [15] —— ]
10°r RIPL-3[7] - 2
o I Nghién ciu nay (1) —— P
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= . ~ ﬁfx;‘x + N
2| W AR tyy ]
0 %ggfé;*xfx ' *++++++++
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E (MeV)

Hinh 2. So sdnh mit d§ mirc toan phin theo mé hinh BSFG véi cic
bd tham sé tw do khac nhau véi s liéu thye nghiém tir phan dng
(p, @) [15].

Két qua hinh 2 cho thay, ca ba duong mat dé mirc déu co
dang diéu tuong d6i phit hop véi dang diéu cua s liu thuc
nghiém tu phan ung (d, p), mac du vay ca ba duong mat
d6 mirc déu chi phu hop voi s6 liéu thuc nghiém vé do 1on
trong vung nang lugng kich thich duéi 0,5 MeV. Tai vung
nang luong trén 0,5 MeV, duong méat d6 miac BSFG g véi
hai bo tham s6 xac dinh tir nghién ctru ctia chiing t6i gan véi
gia tri thuc nghiém cua tai liéu [15] hon so véi dudng mat
d6 muc tinh theo cac tham sb tu do ciia RIPL-3.

So sanh mat do6 muc toan ph?m thu duogc tir mo hinh
BSFG véi cac by tham s6 khac nhau trong dai ning luong
kich thich tir 0 &én 100 MeV duoc trinh bay & hinh 3.
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Hinh 3. So sanh mat d¢ mirc hat nhan trong mé hinh BSFG theo cac
bd tham s6 khac nhau.

Trong vung nang lugng kich thich cao, duong mat do
muc theo gia thiét a phu thudc ning luong xac dinh trong
nghién ctu cua chung t6i khac biét nho so voi duong mat
d6 murc xac dinh tir tham s ctia RIPL-3. Tuy nhién, dudng
mat d0 mtrc tuong ung voi truong hop a khong phu thude
nang lugng c6 gia tri cao hon 10 rét so voi dudong mat do
muc tu RIPL-3 (khoang hai bac d¢ lon) tai vung nang lugng
kich thich trén 50 MeV. Diéu nay hoan toan d& hiéu vi trong
truong hop a khong phu thudc nang lugng, sy suy giam mat
d6 muc gy boi hiéu ung 16p khong dwoc xét dén. Trong
vung nang lugng nhé hon 15 MeV, su khac biét cua mat do
mirc tinh tir BSFG sir dung hai bd tham sb “nghién ctru nay
(1)” va “nghién ctru nay (2)” 1a khong dang ké. Do do, bd
tham s twong tmg v&i “nghién ciru nay (1)” duoc khuyén
khich str dung dé tinh méat do mirc & ving ning lugng thip
(dudi 15 MeV) vi cac tinh toan don gian hon so véi truong
hop a phu thudc vao nang luong. Trong viung nang luong
cao, bd tham sb “nghién ciru nay (2)” ¢6 do tin cdy cao hon
do da tich hop thanh phan hiéu chinh hiéu tng 16p va do vay
duogc khuyén cao st dung.

1000 ¢ — . .
F Nghién cltu nay (1) / RIPL-3 -
Nghién cliu nay (2) / RIPL-3 ——
100 - e |
L ol e
1?:_;w-—;—————————_____________________:
0.1 ! L L L
0 20 40 60 80 100
E (MeV)

Hinh 4. Ty s6 mat d§ mikc tinh tir md hinh BSFG véi cic bd tham
6 thu dwgc trong nghién ctru ciia ching tbi so véi gia tri tinh tir cac
tham s6 ciia RIPL-3.
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Hinh 4 biéu dién mot cach rd rang hon sy khéc biét giita
mat do muc tinh tir bd tham s “nghién ctiru nay (2)” so voi
b6 tham s6 cua RIPL-3 tai vung nang lugng cao. Sy khac
biét giita hai duong mat d6 mirc nay vao khoang 10 dén
30% trong toan b dai niang lugng. C6 thé thiy rang, mic
du gia tri cua cac tham s ty do chi thay ddi nho (xem bang
1) nhung sy chénh léch vé gia tri mat d6 mirc la dang keé,
dac biét 1a tai vung nang 1u’0ng kich thich cao trén 20 MeV
(hinh 4). Diéu nay cho thay y nghia quan trong cta VleC cap
nhat gia tri cac tham s6 tu do ciia mo hinh BSFG khi s6 liéu
thuc nghiém dugc cap nhat.

Két luan

Trong nghién ctru nay, chung t61 da thyc hién viéc xac
dinh lai gia tri cua cac tham s6 mat do mure, tham s6 mat do
muc tiém cén va tham sd nang lugng dich chuyén nguoc
trong mo6 hinh mat ¢4 mirc BSFG cho hat nhan **Sm. Gia
tri cua cac tham sb nay dugc danh gia dya trén s6 lidu thuc
nghiém vé so d6 murc hat nhan trong thu vién s6 liéu hat
nhan qudc té ENSDF, khoang cach mirc trung binh tai ning
luong lién két neutron va so do murc cap nhat tor nghién cuu
phan rd gamma nbi tang bang phd ké tring phing gamma-
gamma. Két qua nghién ctru cho thay, mat do mirc xac dinh
tir cac gia tri tham sb trong nghién ciru nay mo ta cac sb lidu
thuc nghiém da dugc cép nhat tdt hon mat dé6 muc xac dinh
tur cac gia tri tham s6 hién ¢o trong thu vién RIPL-3. Gia tri
ctia cac tham s6 méi duoc cap nhat trong nghién ctru ndy c6
d6 chinh xac va tin cy cao hon cac gia tri hién tai trong thu
vién RIPL-3 va do d6 dugc khuyén céo sir dung thay cho
cac tham s chua duoc cap nhat trong thu vién.

Nghién ctu dugc thuc hién dudi su tai tro cua B Khoa
hoc va Cong nghé thong qua dé tai “Nghién ciru thiee nghiém
va ly Zhuyét mat do mirc va ham lyc birc xa ciia mot sé hat
nhén kich thich” thuc Chuong trinh phat trién vét 1y dén
nam 2020, md s6 DPTPLCN.02/19 va dé tai cip nha nudc
mi s6 KC.05.18/16-20. Nhom tac gia xin tran trong cam on.
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