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TINH TOAN PHO NANG LUQNG
CHO NGUYEN TO SIEU NANG E113 | VA E114 11

BINH TH| HANH’, THIEU THI HWONG”™

TOM TAT
Trong bai bao nay, chlng tdi trinh bay phé ndng hrong cua nguyén té siéu ngng
E113 Iva E114 II. Phwong phdp Hatree-Fock twong doi tinh két hop véi nhing hiéu chinh
d4 diroc bao gom trong tdt ca cac bdc cia tuwong tac Coulomb sir dung gidn do Feynman
va phuwong phdp thé. Su tiwong tdc Breit va b6 chinh dién dong luc hoc luong tur da duoc
xem xét. Nhitng tinh todn twong tw cho TI I, Pb II, Bi III da sir dung dé kiém sodt dé chinh
Xac cua viéc tinh toan.
Tir khoa: pho ning lugng, nguyén té siéu nang.
ABSTRACT
Calculating the spectra of superheavy elements E113 | and E114 1|
The energy levels of the superheavy elements E113 | and E114 Il are presented in
this article. Dominating correlation corrections beyond the relativistic Hatree-Fock
method are included in all orders in the Coulomb interaction using the Feynman diagram
technique and the correlation potential method. The Breit interaction and quantum
electrodynamics radiative corrections are employed. Similar calculations for Tl I, Pb II,
Bi Il are used to gauge the accuracy of the calculations.

Keywords: energy level, superheavy element.

1. Giéithigu

Tim hiéu vé nguyén té siéu nang dang 1a hudng nghién cau 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 t c6 sé proton Z=117, nhitng nguyén té cé sb proton tir Z=104 dén 118 d4
dugc tong hop [6, 9]. Ngoai ra cac bang chung cho thay sy ton tai caa nguyén té Z=122
trong thién nhién da duoc phat hlen va béo céo trong cong trinh [7]. Cho dén nay, c6
nhiéu nghién ctu thyc nghiém vé huréng nay lién quan dén viéc do dac cac muc ning
luong ciing nhu khao sat tinh chat hoa hoc cua cac nguyén té siéu nang [10]. Tuy
nhién, tinh toan I thuyét cac dic trung vat Ii cho nguyén té siéu nang van dang 1a mot
huéng nghién ctiu doi hoi nhiéu nd lyc, trong d6 co viéc tim hiéu phuong phap tinh
phd nang luong.

Trong nhitng cdng trinh trudc, chung t6i d& tinh toan cac mirc nang lugng cua
mot s6 nguyén té siéu nang [2, 3, 4]. Trong cong trinh nay, ching t6i tiép tuc tinh toan
phd nang lwong caa nguyén to siéu nang E113 1 va E114 11.
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Bai bao duoc chia 1am bbn phan. Phan mét: gisi thiéu, trong phan hai ching tdi
s& trinh bay phuong phap Hatree-Fock twong ddi tinh (RHF) két hop véi nhitng hiéu
chinh d& duoc bao gdbm trong tat ca cac bac cua twong tic Coulomb sir dung gian db
Feynman va phuong phap thé. Ching t6i ciing trinh bay sy twong tac Breit va bd chinh
dién dong luc hoc lwong tir. Phan ba: trinh bay cac két qua tinh toan duoc cung vai viéc
so sanh vai thuc nghiém. Phan cubi, chung ti dwa ra két luan vé nhirng két qua d4 dat
duoc.
2. Phwong phap tinh phé niing lwong

Chung téi trinh bay phuong phap tinh pho ning luong cho cac nguyén té T1 1, Pb
1, Bi 111 va so sénh véi thuc nghiém dé kiém soat 6 chinh xac cua phép tinh, sau dé
&p dung cho nguyén t6 siéu nang E113 | va E114 I1.

Budc dau ching tdi sir dung phuong phap RHF dé tinh bo quy dao mot electron.
Phuong trinh c6 dang:

hw, =0y, (1)
& day h, 1a Hamiltonian caa Hartree-Fock twong ddi tinh

h, = ca.p + (B -1)mc’ —ZiﬁtvN . (2)
r

v6i VN =V Vo 12 tong cia thé Hartree-Fock (HF) truc tiép va trao doi. N 1a sb
electron, N-1 1 s6 electron trong 16i va Z 1a dién tich hat nhan.

Pé tang do chinh xac cua phuong phap tinh, chung t6i da dwa vao cac b6 chinh:
Su trong quan, tuong tac Breit va bo chinh dién dong luc hoc luong tur.
2.1. Swtwong quan

O day toan tir thé twong quan = dugc xay dyng sao cho gid tri trung binh cua cac
electron héa trj tring véi hiéu chinh twong quan dbi véi nang luong 56:<a|2| a>

Khi quy dao caa cac hat dugc tim thay trong thé HF, thi dwa vao Ii thuyét nhidu
loan cho hé nhiéu hat mg rong cho = bat dau tir gan ding bac 2 trong tuwong tac
Coulomb, ta tinh s6 hang ddc trung cho su twong quan. S6 hang nay duoc tinh bang
téng hitu han cua cac bo sb dwa trén phd gia cia mdi hat. Cac bo sb nay co thé tim
duoc tir ba gian db bac cao trong thé twong quan bac hai d6 1a: (a) che chin twong tac
Coulomb, (b) tuong tac 15 tréng-hat trong todn tir phan cuc va (c) chudi caa thé twong
quanx.

Pic biét, (a) va (b) duoc xét trong gian db truc tiép nho su dung Ki thuat gian db
Feynman. Ddi véi gian dd trao ddi, chung ta st dung cac he s6 trong s6 hang bac hai dé
mo phong nhiing anh huéng cua che chan. Nhiing thira s6 nay la: f, =0,62, f,=0,60,

f,=085, f,=089, f, =095, f, =097, f, =1, chi s6 dudi biéu thi tinh da cuc cia

tuong tac Coulomb. Nhitng hé s nay da duogc wéc tinh tir sy tinh toan chinh xéc cua bd
chinh bac cao. Chudi cua thé twong quan (c) duoc xét don thuan bang cach thém % vao
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thé HF. Nang lugng, cing Véi su twong quan dugc thém vao loi giai cia phuong trinh
cho cac electron hoa tri.

(h, +Z)w, =0y, 3)
2.2. Twong tac Breit

Str dyng toan tu Breit c6 dang [1]:

hsz_al-a2+(a1-n)(a2-n) 4)

2r

¢ day '=n.r, r la khoang cach gitra cac electron va a la ma tran Dirac.

Tuong ty vdi twong tac Coulomb, ching ta xac dinh sy dong gop tu hop Hartree-
Fock phfélt sinh tir Breit. Sy dong gop nay dugc tim ra tir két qua cua phuong trinh (3.2)
trong the:

vNt=ye .y (5)

v6i V© 1athé Coulomb va V8 1a thé Breit.
2.3. Bé chinh dién dong luc hoc lwong twr (sw dich chuyén Lamb)

Bé? chinh dién dong luc hqc lwong tir dbi véi ning lwong dugc tinh bang phuong
phép thé phong xa dugc phat trien boi Flambaum va Ginges [5].

Thé phong xa c6 dang:

Viag (1) =Vy (1) +V, () +V (1) +V, (r) (6)

& day V, lathé Uehling va v, 1a thé phat sinh tir dang hé s6 tur.

\/_1 1

2t

Vo =o— I}/V{Q(r)(J‘dt \/tl__l_mm 1)}

Pién thé twong tng véi dang hé sé dién duoc chia thanh hai phan tan sé thap va cao:
_Zr

V()_—<D( )jdt

)e—Ztrm
2

V,(r):—B(Z)Z a’mc’e (7)
(04 3 1 1 2 1 3 1 —2trm
V, () =-A(Z, r);V(r) ! dtﬁ{( —?}{In(t —1)+4|n(z—a+o,5ﬂ—§+t—2}e

8
)= (1,071-1,976x* —2,128x> +0,169x*)mr

& day, V (r) lathé hat nhan. Hé s A(Z,r
¥ V(n) ' i ( (mr +0,07Z%a?)

VGi x = (Z -80)a Va ag la ban kinh Borh.

Phuong trinh (7) va (8) duoc xac dinh mot céch ban thuc nghiém bang céch lam
khép doi véi sy dich chuyén Lamb & trang thai cao cua ion twong tu hydro cho Z=10-
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100. Thé nay duoc thém vao thé HF, dbi véi cac nguyén to ma ching ta dang xét thi
thé b chinh ¢6 dang:

vNt=y Nty 9)
3.  Kétqua

Chung t6i da tinh todn cac muc nang lugng cho nhirng trang thai s, Py, Ps; Va
cac két qua duoc trinh bay trong bang 1. Chung t6i trinh bay cot RHF véi két qua tinh
bang phuong phap gin ding Hatree-Fock twong d6i tinh. Bén canh do, cot = 1a két qua
khi chiing toi két hop phwong phép gin dung RHF véi sy trong quan (bao gdm tat ca
c4c bac cua twong tac Coulomb). C4c chi sé trong ddu ngodc don chi ti 1& phan tram d6
sai Iéch giira gia tri tinh toan so vadi thyc nghiém. Céac du li€u & cot thyc nghiém duoc
lay tir [8].

Nhu chiing ta d4 thiy, két qua cho TI I 12 kha tdt véi d6 sai léch tir 0,2 % dén 0,5
% khi so séanh vai thue nghiém, ngoai trir trang thai 6py, (2,7 %) va 6ps, (2,3 %). Di
VGi Pb II d6 sai 1éch cao nhat 12 1,2 % cho trang thai 7s, d6 sai léch thap nhét 1a trang
thai 8s (0,1 %), c4c trang thai con lai tir 0,7 % dén 1 %. Tuong tu, cac két qua cho Bi
111 v6i d9 sai léch tir 0,5 % dén 0,8 % , riéng trang thai 8s va 9s d¢ sai léch déu1a 0,2 %.

Tur nhitng két qua d4 dat duoc cho T1 I, Pb II va Bi lll, chdng t6i tiép tuc tinh toan
phd ning luong cho nhitng nguyén t6 siéu nang E113 I va E114 11 va két qua ciing
dugc trinh bay trong bang 1. Véi cac két qua da phén tich cho TI I, Pb 11 va Bi Ill,
chiing t6i du doan sai s6 cho nhitng nguyén t6 siéu ning vao khoang 1%.

Ngoai ra, gan dang Breit duoc tinh toan trong thé Breit-Hatree-Fock va két qua
duogc trinh bay & bang 2. Két qua cua chung t6i khi tinh bd chinh dién dong luc hoc
luong tir duoc trinh bay trong bang 3. V&i gan dung Breit va b chinh dién dong luc
hoc luong tir, két qua cho T1 I, Pb II va Bi I1l d6i v6i cac trang thai 7s, 6py, Va 6ps, thi
d6 sai léch da giam 0,2% so Vi chi tinh X . Tuy nhién, d6i v6i cac trang thai con lai thi
su dong gop nay 1a khong déng ké.

Bdang 1. Cac mure nang lwong cho cac trgng thai cua TI 1, Pb 11, Bi I1l, E113 | va E114
I1. Cac chi so trong dau ngodc don chi ti 1é phan tram dé sai léch giga gia tri tinh toan
so voi thyec nghiém.

Nguyén tw Trang thai RHF ) Thuc nghiém
7s 21109 22846 (0,3) 22788
8s 10040 10504 (0,2) 10520
9s 5893 6088 (0,2) 6100
6P 43823 50659 (2,7) 49266
TI 7P 14276 15023 (0,5) 15106
8pur 7599 7859 (0,5) 7898
6pas2 36636 42450 (2,3) 41473
7pas2 13357 14053 (0,4) 14105
8pa/2 7249 7497 (0,4) 7525
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7s 58728 62543 (1,2) 61796
8s 30980 32108 (0,1) 32065
9s 19246 19752 (0,7) 19899
6p1 114546 122498 (1,0) 121245
Pb Il 7p1s 44847 46388 (0,9) 46786
8p12 25378 25962 (0,8) 26168
6D 100787 108076 (0,8) 107164
7p3i 42277 43647 (0,7) 43972
8D 24296 24826 (0,7) 25007
7s 106968 110535 (0,5) 111105
8s 50632 60820 (0,2) 60953
9s 38239 38798 (0,2) 38891
6p12 198738 207467 (0,6) 206180
Bi lll 7p1s 86268 88481 (0,8) 89187
8p12 50685 51569 (0,8) 51982
6D 178083 186286 (0,5) 185392
7pan 81493 83444 (0,7) 84052
8pas2 48552 49348 (0,8) 49759
8s 22238 23962
9s 10399 10846
10s 6053 6238
P12 55267 61722
E1131 8p1s 15290 15945
9P, 7968 8189
P32 31578 36637
8P 12589 13261
P32 6953 7195
8s 60964 63878
9s 31771 32657
10s 19621 20020
71 131023 138591
E114 1l 8p12 46918 48321
9P, 26179 26700
P32 89891 96687
8P 39923 41148
9P 23274 23754
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Bdng 2. Cac bo chinh d6i Véi Cac Mike ndang heong tir su tinh t0an ciia twong tac Breit (BI),
n 1 s6 lwong tir chinh cua trang thdi co ban. Pon vi (cm™)

Trgng thai Tl Pb 1l Bi Il E1131 | E114 11
(n+1)s 13 37 51 25 61
(n+2)s 4 12 22 7 22
(n+3)s 2 6 11 3 11

NP2 129 238 358 348 549
(n+1)p12 15 47 89 30 86
(n+2)p12 6 19 39 11 35

NP3z 41 91 148 37 91
(n+1)p3/2 7 22 43 7 25
(n+2)ps2 3 9 19 3 11

Bdng 3. Gia tr; bé chinh phdng xa (QED)

ddi véi cAc mire nang heong cua TI 1, Pb 11, Bi-1ll, E113 | va E114 11. Don vi cm™*

Nguyén tir Trang thai Gi4 tri bo chinh

7s 19

Tl 8s 6
9s 3

7S 53

Pb 11 8s 18
9s 9

7s 69

Bi 1l 8s 28
9s 16

8s 33

E113 1| 9s 10
10s 4

8s 75

E114 11 9s 27
10s 13

4.  Kétluan

Chung t6i d4 trinh bay phuong phép va cac két qua tinh toan phd nang luong cho
cac nguyén to siéu nang E113 | va E114 1l véi sai s0 duoc du doan khoang 1%. Keét
qua nay c6 thé cd ich cho thuc nghiém va viéc nghién ctu tinh chat héa hoc cua hai
nguyén to nay.

Ghi cha: Nghién ciu ndy duoc tai tro boi Quy phét trién khoa hoc va cdng nghé quéc gia
(NAFOSTED) trong dé tai ma so “103.01-2013.38”".
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