Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién, 3(4):252-258

Open Access Full Text Article

Bai Nghién ciiu

Ap dung phan mém DIRHB dé tinh toan tinh chat cia mét sé hat

nhan

Nguyén Dién Quéc Bao"
*3\\—%
S

Use your smartphone to scan this
QR code and download this article

TOM TAT

Trong bai bdo nay, phuong phép Hartree-Bogoliubov tuong déi tinh da dugc tim hiéu va st dung
dé tinh toan cac tinh chét clia hat nhan nhu nang lugng lién két riéng, ban kinh dién tich va cac
muc nang luong don hat clia ca proton va neutron cho mét vai hat nhan nhu 00, Ca*?, Sn'32 va
Pb298. Phuong phap nay la trudng hop tuong dsi tinh clia phuong phap Hartree-Fock-Bogoliuboy,
von la mét sumd rong clia phuong phéap Hartree-Fock cho phép bao gém cac luc tuong quan tam
ngén nhu luc két cap. Bén canh do, phiém ham nang lugng DD-ME2 cling dugc st dung dé mo ta
tuong tac hiéu dung trong cac phuaong trinh Hartree-Bogoliubov tuong déi tinh. Phan mém DIRHB,
dugc viét bang ngdn ngir Fortran, da dugc st dung dé tinh toan va thu nhan két qua. Cac két qua
tinh todn da duac so sanh vai thuc nghiém, ngoai trif cdc muc don hat proton va neutron ctia Ca*?
do thiéu di liéu thuc nghiém. So sanh cho thay nang lugng lién két riéng va ban kinh dién tich
tinh toan dugc hdu nhu khong sai léch so véi cac gia tri thuc nghiém, do cac tham sé ctia phiém
ham nang luong DD-ME2 von di dugc lam khép dua trén di liéu khéi lugng clia cac hat nhan. Tuy
nhién, két qua tinh toan cho cadc muc don hat trong mot vai trudng hop van chua phu hop vé thi
tu muc so véi dit liéu thuc nghiém. Biéu nay cho thay phuong phap Hartree-Bogoliubov tuong
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doi tinh van can dugc kiém chiing va nghién ctu thém.
Tur khoa: Hartree-Fock-Bogoliubov, DIRHB, ndng lugng don hat

GIGI THIEU

CAu truc hat nhin déng vai tro cuc ki quan trong trong
viéc nghién ctu vat Iy hat nhan néi chung va ly thuyét
hat nhan noéi riéng. Nhiing hiéu biét vé ciu truc hat
nhan cho phép ta xay dung dugc cdc md hinh vi mo
d€ mo td mot cach phi hgp céc tinh chdt cia hat nhan
va vat chat hat nhén cting nhu cung cip nhiing thong
tin quan trong d€ tinh todn cdc phan ting hay phan ra
hat nhan. Tu nhiing ndm 50 ctia thé ki 20, da c6 mot
vai bang chiing thyc nghiém chiing t6 hat nhan c6 thé
dugc mo ta boi mau 16p tuong tu nhu electron trong
nguyén ti. Cu thé, thuc nghiém da chi ra sy ton tai
clia cac s6 magic: 2, 8, 20, 28, 50, 82 va 126. Nhiing
hat nhén c6 s§ nucleon bang v6i nhiing con s6 nay
(goi la nhan magic) sé c6 nang lugng t4i thiéu dé tach
hat nhén thanh céc nucleon riéng biét cao hon nhiing
hat nhén xung quanh. Bén canh d¢, ning lugng dé
kich thich cdc hat nhan nay Ién trang thdi 27 ciing
cao hon céc hat nhén lan can . M6 hinh mau 16p
cho rang céc nucleon chuyén dong trong mot trudng
thé trung binh dugc gay ra bai tit ca cac nucleon con
lai. MOt m6 hinh nhu vdy dugc goila mau don hat doc
lap. Thong thuodng, thé dugc stt dung phé bién nhitla
thé Wood-Saxon. Viéc giai phuong trinh Schrodinger
v6i thé Wood-Saxon c6 tinh dén tuong tac spin-quy
dao c6 thé giai thich phit hgp cac s6 magic & trén>.

Mic dir thé Wood-Saxon c6 nhiing thanh c6ng nhit
dinh trong viéc gidi thich cdc thuc nghiém da c6,
né cing chi la mot dang thé hién tugng ludn. DE
tim ra dang thé don hat trung binh cta hat nhén, ta
phai dung dén phuong phap Hartree-Fock, von xuét
phat ti cac tuong tac nucleon-nucleon hiéu dung phu
thudc mat do nhu thé Skyrme va thé Gorny. Pa cd
rit nhiéu cong trinh nghién cttu phuong phép nay va
c6 két qua kha kha quan. Tiéu biéu nhu cong trinh
cta D. Vautherin va D. M. Brink vao ndm 1972 da
dung phuong phédp Hartree-Fock cho thé Skyrme dé
tinh todn mat vai tinh chat hat nhén trong dé cé cac
muc nang lugng don hat*. Sau d6, vao nim 1975, M.
Beiner, H. Flocard va N.V. Giai da khao sat cac tham
s6 lam khdp khdc nhau ctia thé Skyrme dung trong
tinh todn Hartree-Fock, va da dua ra két luin ring su
sai léch gitia tinh toan Hartree-Fock cho nhan cau véi
thuc nghiém néng lugng lién két tang déi véi cac hat
nhén cang xa 16p kin®°. Nguyén nhén 1a do sy tn tai
ctia hiéu ting két cdp sé dugc nhic dén ngay sau day.

Céc m6 hinh mau don hat doc 1ap don thudn khong
thé 1i gidi tai sao ning lugng lién két ctia mot hat
nhan chan-1é lai nho hon gia tri trung binh ctia nang
luong lién két ctia hai hat nhan chén-chén ké bén né.
Bén canh d4, cac tinh todn ti loai mau nay cho cic
thi nghiém do momen quan tinh clia cac hat nhan

Trich dan bai bao nay: Quéc Bao N D. Ap dung phan mém DIRHB dé tinh toan tinh chat cia mot s6

hat nhan. Sci. Tech. Dev. J. - Nat. Sci.; 3(4):252-258.
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bién dang c6 sai 1éch 16n so véi gia tri thuc nghiém?2.
Nhiing kho khan trén c6 thé dugc giai thich néu ta
thém mot luc tAm ngén thé hién tuong quan nucleon-
nucleon vao mo hinh tinh toan. Luc nay goi la luc
két cip nhim mo ta hién tugng két cdp cta cac nu-
cleon trong hat nhan. Hiéu ting két cap c6 thé dugc
mo ta bai ly thuyét BCS (do John Bardeen, Leon Neil
Cooper va John Robert Schrieffer dua ra nhdm giai
thich qué trinh siéu dan). Ngoai ra, phuong phép
Hartree-Fock-Bogoliubov 1a m¢t sy mé& rong tu nhién
ctia phuong phap Hartree-Fock c6 bao ham ly thuyét
BCS cho phép mo ta chinh xac hiéu ting két cip trong
céc hat nhan 16p mé°. Tuy nhién, nhiing phuong
phép nay chi cho xdp xi khong qua t6t déi v6i nhiing
hat nhén & xa viing bén (gin dudng giéi han). DE giai
quyét van dé, phuong phap Hartree-Fock-Bogoliubov
da dugc mo rong ra cho trudng hgp tuong déi tinh, va
dugc goi 1a phuong phap Hartree-Bogoliubov tuong
déi tinh . Mb hinh nay sé cho phép ching ta dua bai
todn nhiéu hat v€ bai toan don hat ma van tinh dén
hiéu ting két cép.

Do mo6 hinh Hartree-Bogoliubov tuong déi tinh van
con khd mdi 6 Viét Nam nén trong bai bdo nay, chung
toi sé tim hiéu va s dung phdn mém DIRHB (vén
gbm céac chuong trinh tinh todn st dung moé hinh
ching ta dang quan tdm) cho mét vai hat nhan nhu
016, Ca%0, Sn!32, va PH208, Tuy nhiing hat nhan nay
bén va c6 thé mo ta bang nhiing phuong phap truyén
thong khac, nhiing dit liéu thuc nghiém ctia ching la
khd ddy du d€ chung ta c6 thé so sdnh va danh gia
phuong phap dang dugc nghién ctiu va tim hiéu.

PHUONG PHAP

Phan mém DIRHB bao gém ba chuong trinh tinh
toan khdc nhau: DIRHBS cho nhiing hat nhan dang
cdu, DIRHBZ danh cho nhiing hat nhan dang déi
xung try, DIRHBT danh cho nhiing hat nhin khong
thudc hai truong hop d6i xing trén. Phan mém nay
dugc mé ta bai Niksic T. va déng nghiép”’, va cac
phuong trinh da dugc st dung trong phan mém sé
dugc mo ta trong phan nay. Do céc hat nhin dugc
chon déu la cac nhan magic do6i nén c6 thé gisi han
bai todn ching ta quan tam la bai toan d6i xding cdu.
Trong trudng hgp nay, ham soéng clia nucleon c6 mo-
men goc j;, hinh chiéu ctia momen goc my, tinh chén
1é 7;, va phuong ctia spin dong vi t; = 1/2cho neu-
tron va proton c6 thé dugc mé ta nhu sau”:
) i (5,8) ) 60 O
1g; (r)q)lijiMi (97¢7S)

Trong d6 x;, (¢) 1a ham song spin dong vi, va &, 1a

spinor hai chiéu dugc cho bai”:

D (6,9,5) = (Xl/z(s)®Yl(97¢)] (2)

jm

v (r,s,1) = <
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Phuong trinh Schrodinger xuyén tam cho thanh phin
16n va nho ctia Dirac spinor lan lugt 1a7:

K— 1
o OV s+ (-2 a0
=¢fi(r)

Ki+1 N '
(4 A0 - e O-v 010
= £gi(r)

Trong d6 k = £ (j+1/2)
Khéi lugng Dirac dugc cho bdi cong thiic sau’:
M*(r)=m+gs0 (5)
Va thé dugc cho bgi®:
V(r) = gww+gpTp +eAg +If (6)

Cac tham s6 o,w,p,A 1a nghiém cua cdc phuong

trinh Klein-Gordon va Poisson ®7:

[—A+mg] —A+mgo (rt) = —go (pv)ps (rt)  (7)
[7A+mgv] wy (1) = gw (Pv) ju (1) ®)

[a+m B =go (o) Tu ) ©

—AAy (rt) = ejey (1,1) (10)
Va ngu(jc cho bai”:
dg 98w dg
R—= 29964+ 2pw+=—Lp, 11
o ap, POt G, P E G, PP (11)
Céc méat d¢ va dong dugc cho trong cdc phuong trinh
sau’:
ps(r) =X (r) v (r) (12)
Ju () =X v (r) yuwi (r) (13)
ﬁ —
Fu()=Zwi(r) T rwi(r) (14)
Py =/Jui* (15)

Cac tham s6 con lai la nhiing tham s6 lam khép ctia
phiém ham ning lugng DD-ME2°.
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Bang 1: Nang lugng lién két va ban kinh dién ctia mét vai hat nhan.

Hat nhan Ning lugng lién két riéng (MeV) Bén kinh dién tich (fm)
Thuc Tinh toéan Sai léch (%) Thuc Tinh toédn Sai léch (%)
nghiém® nghiém?

oo -7,976206 -8,026164 0,626338 2,73 2,746255 0,595421

Ca0 -8,551303 -8,619781 0,800794 3,49 3,457369 0,934986

Sn'!3? -8,354872 -8,393303 0,459983 4,726630

Pb208 -7,867453 -7,890893 0,297936 5,5 5,508874 0,161345

KET QUA clia hat nhan Sn'32. Thu ty cdc miic cha proton Ia

Trong bai bdo nay, cac tinh todn nhan dugc bing cach
duing chuong trinh tinh todn DIRHBS dugc viét bing
ngdn ngti Fortran 77. Chuong trinh nay dugc xay
dung détinh todn cac tinh chét & trang thdi co ban cua
cac hat nhan chan-chan 16p mé dya trén céc phuong
trinh Hartree-Bogoliubov tuong d6i tinh”. Két qua
tinh toan cho ta cic mic nang lugng don hat cling
nhu néng lugng lién két va ban kinh dién tich.

Bén dudi la két qua tinh toan cdc mic nang lugng don
hat theo don vila MeV (childy cac muic c6 ning lugng
am). D4u “*” biéu thi muc Fermi®.

THAO LUAN

T Bang 1, ta nhan thdy rang cdc két qua tinh toan
néng lugng lién két riéng va ban kinh dién tich rat phu
hgp véi cac gia tri thuc nghiém. Sai léch tuong doi
ctia ning lugng lién két riéng tinh todn dugc va thuc
nghiém chi ndm trong khoang tit 0,29% d6i v6i Pb208
t&i 0,80% doi véi Ca*0. Sai léch ctia ban kinh cling
khong vugt qua 1% khi d6 léch 16n nhét trong Bang 1
14.0,93% ddi véi Ca*”. Diéu nay c6 thé giai thich 1a do
phiém ham ning lugng DD-ME2 da dugc lam khép
duya vao khoi lugng thuc nghiém cua cic hat nhan,
nén két qua tinh ning lugng lién két phu hop tot véi
thuc nghiém.

Cac bang 2-7 so sanh cic miic ning lugng don hat
clia ca proton va neutron ctia cac hat nhén 016 sn!32,
va Pb?%8, Nhin chung, cdc miic ning lugng kha phu
hgp vé thi tu trong da s6 truong hop khi so véi thuc
nghiém; tuy nhién, gid tri ctia cdc muic nay phén 16n
sai léch kha 16n so véi céc gid tri thuc nghiém. Bang
2 va bang 3 l4n lugt cho ta cac mic ning lugng don
hat cta proton va neutron cua 016, Ve thd tu, cac
muic nay déu hoan toan trung véi thi ty xac dinh tu
thuc nghiém. Vé gid tri, sai 1éch la du6i 10% cho ba
muic dau clia proton nhung lai ting nhanh dén 129%
tai muc 1d5/2. Sai léch cua neutron 13 rat nho (bé
hon 2%) cho hai mtic 1p3/2 va 1p1/2, nhung kha 16n
(khoang trén 20%) cho hai mitc ngoai ciing. Bang 4
va bang 5 cho ta cac mic don hat proton va neutron

phu hgp véi thuc nghiém, trit hai mic ngoai cung la
1h11/2 va 3s1/2. D81 véi trudng hgp ctia neutron, thi
tu cac muc tinh toan dugc 13 khong phi hgp véi thuc
nghiém. V€ gia tri cic mic ning lugng, sai léch gitia
tinh toan va thuc nghiém cho ca proton va neutron
dao dong tu nhiing gia tri rdt nho, nhu 0,841% tai
muic 1g9/2 ctia proton hay 3,60% tai mtic 1h11/2 cta
neutron, téi nhiing gia tri rat 16n, nhu 28,8% tai miic
1h11/2 cta proton hay 71,4% tai mtc 1h9/2 ctia neu-
tron. Bang 6 va bang 7 cung cdp dii liéu cho hat nhin
Pb?%8, Mic du la hat nhén ning hon Sn'32, thi ty cac
miic cho proton ctia Pb?%® lai hoan toan trung khép
v6i thuc nghiém. Thi ty mdc cta neutron cing kha
truing khép, trit sy d6i chd hai mic 2f5/2 v6i 3p3/2 va
hai mic 2i11/2 v6i 2g9/2. V€ mit gia tri, cac sailéch ¢
thé rit nho nhu trudng hop ctia mic 3s1/2 cho proton
12 0,451% hay mtic 3p3/2 cho neutronla 3,18%, va dao
dong trong mot khoang gia tri rit 16n, c6 thé 1én t6i
75,7% tai muc 1i13/2 cho proton hay 99,4% tai mtc
1j15/2 cho neutron. Nhin chung, cdc mic cang gin
néang lugng 0 (khong lién két) thi cang sai léch vé gia
tri ning lugng, din dén kha ning cao sai léch vé tha
tu so voi thuc nghiém. Ngugc lai, cdc mic nidng lugng
cang thdp thi cang c¢6 xu hudng chinh xac. Diéu nay
6 thé dugc gidi thich 1a do gia tri vé d6 sau ctia thé
tai tim hat nhan c6 lién hé mat thiét véi ning lugng
lién két riéng nén cac miic ning lugng thap sé co két
qua tuong d6i chinh xac hon cdc mtic cao gin ving
khong lién két. Do do, thi ty cdc mic cta nucleon
trong nhan O'© hoan toan phii hgp véi thuc nghiém,
trong khi cac nhin ndng hon sé xudt hién sy sai khac
trong thit ty & cidc miic ning lugng cao. Mot yéu t6
khac cing anh hudng dén két qua tinh toan 1a gia thiét
ctia mau don hat doc 1ap, trong d6 da gin dung hat
chuyén dong trong mot trudng trung binh tao bai cac
hat con lai trong hat nhdn. Mé hinh nay cang chinh
xac khi s6 lugng nucleon trong hat nhan cang I6n, do
sy tac dong ctia mot nucleon 1én hat dang quan tam
khi nay khong con déng vai tro qua déng ké. D6 cing
la mot 1i do gidi thich tai sao hat nhan Pb208 6 keét
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Bang 2: Cac miic don hat proton ciia 0'¢

Tinh toan Mic Néng lugng Sai léch  Thuyc nghiém’ Mic Néng lugng
(MeV) (%) (MeV)
1s1/2 -37,5343 6,16 1s1/2 -40
1p3/2 -17,7655 3,45 1p3/2 -18,4
1p1/2 -11,5484 4,56 1p1/2* -12,1
1d5/2 -1,3732 129 1d5/2 -0,6
- - - 2s1/2 -0,1
Bang 3: Cac miic don hat neutron ctia 0'°
Tinh Miic Niéng lugng  Sailéch (%) Thuc Miic Niéng lugng
toan (MeV) nghiém”’ (MeV)
1s1/2 -41,7846 - 1s1/2 -
1p3/2 21,6732 0,581 1p3/2 21,8
1p1/2 -15,4001 1,91 1p1/2* -15,7
1d5/2 -4,8922 19,3 1d5/2 -4,1
2s1/2 -2,2212 32,7 2s1/2 -3,3
Bang 4: Cac muic don hat proton ciia Sn'3?
Tinh Miic Néng lugng  Sailéch (%) Thuc Miic Néng lugng
todn (MeV) nghiém° (MeV)
2p1/2 -17,1453 6,49 2p1/2 -16,1
1g9/2 -15,6671 0,841 1g9/2* -15,8
1g7/2 -9,44 2,68 1g7/2 -9,7
2d5/2 -7,1717 17,6 2d5/2 -8,7
2d3/2 -5,1941 27,8 2d3/2 -7,2
1h11/2 -4,8424 28,8 3s1/2 -
3s1/2 -4,3029 - 1h11/2 -6,8
Bang 5: Cac muc don hat neutron ctia Sn'3?
Tinh todan ~ Mtic Nang lugng (MeV)  Sailéch (%)  Thuc nghiém 9 Miic Nang lugng (MeV)
1g7/2  -12,9997 32,6 1g7/2  -9.8
2d5/2 -11,2747 25,3 2d5/2 -9
2d3/2 -9,2431 24,9 3s1/2 -7,7
3s1/2 -8,8986 15,6 1h11/2  -7,6
1h11/2  -7,8736 3,60 2d3/2* -7,4
2£7/2 -1,2822 46,6 2£7/2 -2,4
1h9/2 -0,2578 71,4 3p3/2 -1,6
- - - 1h9/2 -0,9
; ) ; 3pl/2 08
- - - 2£5/2 -0,4
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Bang 6: Cac muic don hat proton ciia Pb?%

Tinh todn Miic Nang lugng  Sailéch (%) Thuc Miic Néng lugng
(MeV) nghiém° (MeV)
1g9/2 -19,2484 25,0 1g9/2 -154
17/2 -15,0083 31,6 1g7/2 114
2d5/2 -10,7957 11,3 2d5/2 -9,7
1h11/2 -9,9672 6,03 1h11/2 -9,4
2d3/2 -9,009 7,25 2d3/2 -8,4
3s1/2 -7,9639 0,451 3s1/2* -8
1h9/2 -4,0634 6,93 1h9/2 -3,8
2£7/2 -1,0095 65,2 2£7/2 -2,9
1i13/2 -0,5339 75,7 1i13/2 -2,2
- - - 3p3/2 -1
= = = 2£5/2 -0,5
Bang 7: Cac miic don hat neutron ctia Pb?%
Tinh toédn Miic Nang lugng  Sailéch (%) Thuc Miic Néng lugng
(MeV) nghiém9 (MeV)
1h9/2 -14,1348 29,7 1h9/2 -10,9
2£7/2 -11,5527 19,1 2£7/2 -9,7
1i13/2 -9,9663 10,7 1i13/2 -9
2£5/2 -9,194 14,9 3p3/2 -8,3
3p3/2 -8,5645 3,18 2£5/2 -8
3pl/2 7,6364 3,19 3pl/2* 7.4
1i11/2 -2,8396 11,3 2g9/2 -3,9
2g9/2 -2,2967 41,1 1i11/2 -3,2
1j15/2  -0,0136 99,4 1j15/2 2,5
= 2 = 3d5/2 -2,4
- - - 4s1/2 -1,9
- - - 2g7/2 -1,5
- - - 3d3/2 -1,4
132

qua t6t hon so v6i hat nhan Sn™>~. Ngoai ra, viéc sai
khéc trong thi tu miic dugc ghi nhin & trén cho thay
phuong phép Hartree-Bogoliubov tuong d6i tinh van
can dugc nghién cttu va cai tién thém dé c6 thé giai
thich dugc phé nang lugng don hat ctia cdc hat nhan.

KET LUAN

Phuong phép Hartree-Bogoliubov tuong doi tinh da
dugc tim hiéu va dp dung d€ tinh toan ning lugng lién
két riéng, ban kinh dién tich, va muc ning lugng don

hat cho cé neutron va proton cho m¢t vai hat nhin
nhu 0!, Ca%0, Sn!32 vy Pb208, Keét qua tinh todn
cho nang lugng lién két va ban kinh hdu nhu khéng
sai léch so v6i thuc nghiém. Tuy nhién, két qua tinh
toan cho cac muic nang lugng don hat chi pht hop véi
thuc nghiém trong mét vai trudng hgp nhu neutron
va proton ctia O'¢ hay proton ctia Pb?%8, va sai khac
s0 v6i thuc nghiém trong cac truong hgp con lai. Do
d6, phuong phép nay van chua phai 1a mé hinh hoan
thién nhat d€ mo ta cdu truc hat nhan, dic biét 1a cac
muic don hat.
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LOl1 CAM ON

Nghién ctiu ndy dugc tai trg boi Trudng Dai hoc Khoa
hoc Ty nhién, PHQG-HCM trong khudn khd Dé tai
ma sd T2018-06.

DANH MUC TU VIET TAT

BCS: Ly thuyét dugc dit theo tén ctia ba tac gia: John
Bardeen, Leon Neil Cooper va John Robert Schrieffer
DD-ME2 (Density-dependent meson-exchange ef-
fective interaction): Tuong tac hiéu dung trao d6i me-
son phu thudc mat do

DIRHB (Density-dependent interaction relativistic
Hatree-Bogoliubov): Hatree-Bogoliubov tuong doi
tinh dung tuong tac phu thudc mat do

TUYEN BO VE XUNG DOT LOI iCH
Tac gia cam két rang khong c6 xung dot 1¢i ich.
TUYEN BO VE DONG GOP CUA TAC

GIA

Nguyén Dién Qudc Béo da1én y tudng, thuc hién chay
chuong trinh tinh todn va viét ban thao bai bao nay.
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Using DIRHB package to calculate the properties of some nuclei

Nguyen Dien Quoc Bao"

Bl AE]
e
W= z ABSTRACT

In this work, the relativistic Hartree-Bogoliubov method is studied for calculating of nuclear prop-

(=P A erties such as binding energy per nucleon, charge radii, and single-particle energies of proton and
Use your smartphone to scan “A“‘“ neutron for some nuclei like 06, Ca#*®, Sn132 and Pb2%8. This method is the relativistic case of
QR code and download this article the Hartree-Fock-Bogoliubov method, which is a generalization of the Hartree-Fock method, and

the method includes short-range correlations such as pairing force. In addition, the energy func-
tional DD-ME?2 is used to describe the effective interactions in equations of the relativistic Hartree-
Bogoliubov method. The DIRHB package, which was written in Fortran, is utilized to calculate and
get the results. The results are compared with experimental ones, except the single-particle ener-
gies of Ca*® due to the lack of data. The comparisons show well agreements between the calcu-
lation results and the experimental values of binding energy per nucleon as well as charge radii,
for parameters of the DD-ME2 which were fitted based on the experimental data of nuclear mass.
However, the results of single-particle levels do not agree with experimental ones in some cases.
This means the relativistic Hartree-Bogoliubov method should be studied further in the future.
Key words: Hartree-Fock-Bogoliubov, DIRHB, single-particle energy
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