TAP CHi KHOA HOC DHSP TPHCM Dinh Thi Hanh va tgk

TINH TOAN PHO NANG LUQNG
CHO NGUYEN TO SIEU NANG Z=114

BINH TH| HANH', TRAN THANH TAM™

TOM TAT

Trong bai bao nay, chlng tdi trinh bay phé ndng hrong cua nguyén to siéu ngng
Z=114 Vi do chinh xdc kha cao. Phuong phap Hartree-Fock twong doi tinh va twong tac
cau hinh duoc ket hop vai li thuyet nhieu logn cho h¢ nhiéu hat dé xdy dung ham séng
nhiéu electron cho nhiing electron ngoai vé va bao gom su tirong quan 18i-vé. Nhing tinh
toan tuong ty cho thiec va chi da duoc su dung dé kiém sodt dé chinh xac cua phép tinh.

Tirkhoa: pho ning lugng, nguyén té siéu nang, Ii thuyét nhidu loan cho hé nhiéu hat,
phuong phap Hartree-Fock twong doi tinh.

ABSTRACT
Calculating the spectra of superheavy elements Z=114

High-precision calculations of the energy levels of the superheavy element Z=114
are presented in this article. Relativistic Hartree-Fock and configuration interaction
methods are combined with the many-body perturbation theory to construct the many-
electron wave function for valence electrons and to include core-valence correlations.
Similar calculations for tin, lead are used to gauge the accuracy of the calculations.

Keywords: energy level, superheavy element, many-body perturbation theory,
relativistic Hartree-Fock method.

1. Giéithigu

Nghién ciu nguyén t siéu nang la mot trong nhitng huéng tha vi cua cac nha
khoa hoc nham bé sung su hiéu biét cua chiing ta trong ving Z=104 dén Z=126. Ngoai
trir nguyén t6 ¢ s6 proton Z=117, nhitng nguyén té c6 Z=104 dén 118 d4 duoc tdng
hop [8, 9]. Ngoai ra, céc bang chung cho thiy su ton tai cia nguyén té Z=122 trong
thién nhién da dugc phat hién va b4o céo trong cong trinh [6]. Cho dén nay, c6 nhiéu
nghién ctu thuc nghiém vé hudng nay lién quan dén viéc do dac cac mirc nang luong
ciing nhu khao sat tinh chéat hda hoc caa cac nguyén té siéu nang [10]. Tuy nhién, tinh
toan Ii thuyét cac dic trung vat Ii cho nguyén té siéu nang van 1a mét hudng nghién ctu
doi hoi nhiéu nd lyc, trong d6 co viéc tim hiéu phuong phap tinh phé nang lugng.

Trong nhung cong trinh trude, ching toi da tinh todn cdc muic nang luong cua
mot sb nguyen t6 siéu nang [2, 3, 4, 5]. Trong cong trinh nay, chdng i tiép tuc tinh
toan phé ning lugng cho nguyén té siéu ning Z=114.
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Trong bai b4o nay, ching t6i s& trinh bay phuong phap tuwong tac cau hinh két
hop véi Ii thuyét nhidu loan cho hé nhiéu hat (MNPT), va trinh bay céac két qua tinh
toan dugC cling Vi viéc so sanh véi thuc nghiém. Cudi cling, ching tdi s& dua ra két
luan vé& nhiing két qua d4 dat duoc.

2. Phwong phap tinh phé niing lwong

Ching t6i trinh bay phuong phap tinh phd ning lwong cho cac nguyén t6 thiéc,
chi va so sanh véi thuc nghiém dé kiém soat do chinh xac cua phép tinh, sau do ap
dung cho nguyén t6 siéu nang Z=114.

O day, chung t6i st dung su két hop phuong phap tuong tac cau hinh (CI) véi |i
thuyét nhiéu loan cho hé nhiéu hat (MBPT) [3, 4]. Su tinh toan dugc thuc hién trong
gan ding V2. [1]

Khi d6, Hamiltonian hiéu dung caa CI cho nguyén tir trung hoa c6 hai electron
hoa tri c6 dang:

eff A A A~
H =hu(n) +hu(n,)+ha(r,n,). (1)
Trong do, ﬁl(ri) la Hamiltonian cua mot electron hoa tri:

hu = ho +§:1, 2

véi h, 1a Hamiltonian Hartree-Fock twong ddi tinh:
N 2 Zez N-2
ho =cap+(B-Dmc” ———+V " " | 3)
r

va Z1 la toan tir thé twong quan dic trung cho tuong tac ciia cac electron hoa tri voi 16i.
Sy tuong tac giita cac electron hda tri dugc tinh bing tong cia twong tac
Coulomb va toan tir bd chinh twong quan X,

A ez A
hy =———+3%(1,,1,), 4
2 |r1_r2| 2(2 2) ()

o day % dic trung cho su che chin tuong tac Coulomb giita cac electron héa tri boi
cac electron bén trong 106i.

Ham song hai electron cho nhirng electron héa tri ¢6 dang tong quat nhu sau:
V=200 (L) ()

Trong d6 @, dugc xay dung tur trang thai co ban cua electron hoa tri dé tinh trong
thé v N2

@, (1.0) == v (0w (5)vi (1w ()] ©)
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v&i w, la ham riéng cia Hamiltonian Hartree-Fock (3).

Hé s6 ¢, ciing nhu nang lwong cua hai electron dugc tim ra tir két qua bai toan tri
riéng cua ma tran

(H"-E)X =0, @)

& day H" =(0,[H” [@,) va X ={c,CpnrrnniC,).

Phin phtrc tap nhét caa viéc tinh ton 1 tinh toan tir thé twong quan =1 va ..
Chuing t8i str dung MBPT va ki thut gidn d Feynman dé tinh toan tir trong quan
Vva % [3, 4]. Li thuyét nhidu loan cho hé nhiéu hat m& rong cho viéc hidu chinh toan tir
tuong quan 3 bt dAu tur gan dung bac hai trong twong tic Coulomb. Viéc bao gom gan
dung bac hai cia toan ti twong quan 32, ¥ trong Hamiltonian hiéu dyung (1) tinh
toan cho hiu hét twong quan 16i va vo. Tuy nhién, dé lam ting do chinh xéc cua phép
tinh, chang t6i s dung ki thuat gian d6 Feynman dé xét nhitng déng gop cua tuong
quan bac cao di Véi 21 twong ng voi phan twong tac tryc tiép, phan twong tac trao
d6i dugc tinh gan dung bang cach dua vao hé sb che chan f, (bang 1). Thé twong quan
22 ciing v6i cach lam twong ty nhu phan twong tac trao ddi cua il. Tuy nhién, cac gia
tri cua hé sb f, & day c6 khac (bang 1). Cac hé sb nay dugc tim thiy bang viéc so sanh
3., trong gan dung bac hai va tét ca cac bac véi ca hai sy che chin va tuong téc hat-15
tréng dugc bao gom.

Bdng 1. H¢ $6 fk déi véi cac tuwong quan bdc cao dwoc dwa vao 21 va 22

nhue la ham sé phu thugc vao tinh da cuc k cua twong tac Coulomb

k 0 1 2 3 4 5 6
ZfXCh 0.62 0.60 0.85 0.89 0.95 0.97 1.00
2, 0.90 0.72 0.98 1.00 1.02 1.02 1.00

3.  Kétqua

Két qua tinh toan cua ching ti cho Sn, Pb va nguyén té siéu niang Z=114 dugc
trinh bay trong bang 2. Chdng toi trinh bay cot Cl végi két qua tinh bang phuong phap
C1 két hop véi MBPT. Bén canh do, cot 2 12 két qua khi ching 6i c6 tinh dén thé
twong quan bac hai, cot = thé hien két qua khi xét dén twong quan bac cao. Cac chi sb
trong dau ngoac don chi ti 1€ phan tram d¢ sai 1éch gitra gia tri tinh todn so véi thuc
nghiém. Céc du liéu ¢ cot thuc nghiém duoc lay tur [7].

Nhu ching ta thdy trong bang 2, két qua cho hai nguyén t6 thiéc va chi khi tinh
bang phuong phap CI thi d§ sai 1éch kha cao so vai thuc nghiém (vao khoang 10%).
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Khi xét dén thé tuong quan bac hai thi két qua da dugc cai thién, do sai 1éch giam di.
Vi du nhu véi thiée, d6 sai 1éch cao nhit 13 4,4% ¢ trang thai 5p6p (J = 0) va thip nhét
la 1,5% tmg véi trang thai 5p® (J=1); dbi voi chi, d6 sai 1éch vao khoang 4% cho tat ca
cac cau hinh ngoai trir cdu hinh 6p? (J=1) c6 d¢ sai léch chi 0,1% khi so sanh véi thuc
nghiém. Ngoai ra, khi chung t6i tinh dén twong quan cho tét ca cac bac thi do chinh xac
S0 Vvai thue nghiém dugce tang 1én. Pac biét vadi chi, sy sai 1éch chi con 0,3% va 0,4%
cho hai cau hinh 6p7s (J = 0) va 6p7s (J = 1). Nhimg c4u hinh con lai nhu 6p* (J=2),
6p7p (J =0, 1) su sai 1éch ciing vao khoang 1%.

Tir nhitng két qua da dat duogc cho Sn va Pb, ching t6i tiép tuc tinh toan phd ning
luong cho nguyén t6 siéu ning c6 Z=114 va két qua duoc trinh bay trong bang 2. Véi
cac két qua d& phan tich cho Sn va Pb, ching tdi du doan sai s6 cho nguyén té Z=114
vao khoang 1%.

Bdng 2. CAc mirc nang lirong cho c&c cdu hinh cia Sn, Pb va nguyén to Z=114.

Céc chi so trong dau ngodc don chi ti 1é phan tram dg sai léch

giira gia tri tinh toan so vai thuc nghiém. Pon vi: cmt

NOUYeN | ciuhinh | 3 cl z@ > Thuc
tir nghiém
5p? 0 0 0 0 0
5p° 1 1560 (7.8) | 1717 (1,5) 1691 (0,1) 1692
5p° 2 3292 (4.0) | 3588 (4,5) 3495 (2,0) 3428
sn 5p6s 0 | 30970 (10.6) | 36064 (4,0) | 35235 (1,7) 34641
5p6s 1 | 31243 (10.5) | 36369 (4,0) | 35561 (1,8) 34914
5p6s 2 | 34827(9.8) | 40192 (3,9) | 39333 (1,8) 38629
5p6p 1 | 37874 (10.6) | 44120 (4,0) | 43402 (2,4) 42342
5p6p 0 | 39186 (9.8) | 45446 (4,4) | 44707 (2,9) 43430
6p° 0 0 0 0 0
6p° 1 7382 (5.6) | 7812(0,1) 7841 (0,3) 7819
6p° 2 | 10414 (2.2) | 11046 (3,5) | 10810 (1,5) 10650
Ph 6p7s 0 | 31207 (10.7) | 35483 (4,2) | 35052 (0,3) 34960
6p7s 1 | 31526 (10.7) | 36840 (4,2) | 35442 (0,4) 35287
6p7p 1 | 38351 (10.6) | 44883 (4,4) | 43634 (1,6) 42919
6p7p 0 | 39702 (10.6) | 46241 (4,0) | 45146 (1,7) 44401
6p7s 2 | 44201(8.3) | 49991 (3,6) | 48661 (1,0) 48189
7p° 0 0 0 0
7p° 1 27905 27121 29005
7p° 2 30526 30075 31866
E114 7p8s 0 41493 45879 46288
7p8s 1 41808 46255 46626
7p8p 1 48714 54668 54385
7p8p 0 59708 55738 55398
7p8p 2 52150 57963 57744
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4.  Kétluan

Chiing toi dé trinh bay phuong phap va cac két qua tinh toan phd nang luong cho
cac nguyén t6 Sn, Pb va nguyén tb siéu niang Z=114. Di vai nguyén té Z=114, do sai
sb duoc du doan khoang 1%. Két qua tinh toan nay co thé c6 ich cho thuc nghiém va
viéc nghién ctu tinh chat hda hoc cia nguyén t nay.

Ghi cha: Nghién citu nay dwoc tai tro boi Quy phéat trién khoa hoc va cong nghé
quoc gia (NAFOSTED) trong dé tai ma s¢ “103.01-2013.38”.
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