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KHAO SAT NANG LUQNG TUONG QUAN ELECTRON — POSITRON
TRONG KIM LOAI Cu (FCC)
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(Bai nhén ngayl 1 thang 08 ndm 2006, hoan chinh sita chita ngay 09 thang 06 ndm 2007)

TOM TAT: Trong bdi bdo nay, ching 16i da dp dung Iy thuyét ham mdt do (DFT) voi
céng cu tinh la phiwong phdp Monte — Carlo heong tur (QMC) vao viéc tinh ndng heong twong
quan electron — positron trong kim loai Cu co cdau tric FCC. Ndng luong tuong quan thu dwoc
tir tinh todn la: E°7P = -10,28 + 1,11 eV. Gid tri ndng lvong tuwong quan nay la phit hop véi cdc
két qua ciia Puska[5] va Nieminen [6].

1. GIOI THIEU

Positron khi vao méi trudng vat chit sé bi nhiét hoa va hily voi electron ctia moi truong. Gia
thiét positron lién két véi electron clia nguyén tir méi truong tao thanh trang thai gia bén trudce
khi hity. Khi d6 theo Boronski va Nieminen [3] ndng luong tong cia hé gébm cac electron va
positron trong thé trudmg ngoai Vey c6 thé duoc tinh theo ly thuyet ham mat d6 nhu sau:

Eln_.n,|=Ffn |+ Fln, ]+ [arV, 0l ()-n, €] [ar jdr’ ( )igoth 0]
VoiF [n] 1a ham mét d¢ mot thanh phén cho electron hoic pos1tr0n.
Fln]=T[n jdr far 'n(r)" +E,.[n] @)

Véi T[n ] la dong nang cua he electron hogc positron tu do; Ex[n] 12 nang luong tuong quan
— trao dbi cuia electron — electron ho#ic positron — p051tr0n Vex 1 thé do nhitng hat nhin nguyén
tr va nhitng ddm may dién tich electron gy ra va E;°F [n., ny] la ham ning luong tuong quan
electron — positron.

Ap dung phucmg phdp Kohn — Sham [4], tim mat d6 electron va positron trong trang thai co
ban ctia hé ing voi viée cuc tiéu hoa ning lugng tong E[n., n.] trong phuong trinh (1) theo mat
dd electron va posm'on Theo Kohn — Sham ham séng tong ciia hé electron — positron dugc tinh
tr nhifng ham séng riéng cua timg electron va pos:tron thoa hé phuong trinh Schrodinger mot
hat cho electron va positron. Khi d6 thay cho viéc cuc tiéu héa ning luong tong E[n,, n.] ciia h¢
bang viéc cuc tiéu hoa ning lugng riéng cia ting electron va positron.

2. PHUONG PHAP TINH

Str dung phuong phap bién phan Monte — Carlo lugng tir [1] dé g1a1 phuong trinh Kohn —
Sham. Trong bién phan Monte — Carlo luong tir, yéu t6 quyét dinh két qua tinh todn 1a md hinh
xép xi ctia Hamilton va dang ham séng thir trong phuong trinh Kohn - Sham. M6 hinh Xap xi
ctua Hamilton duoc sir dung trong tinh todn 1a mo hinh cua Born — Oppenhelmer
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Vf " Vs : 14n luot 12 to4n tir ddng ning cia electron va positron.
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rj :khoang cach giira electron thir i va thir j.

rp - khoang cach giira electron thir i va positron thir p.

Ry : khoang cach giita electron thir iva hat nhan nguyén tir thir k.

R, : khoang cach giira, positron thir p va hat nhan nguyén tir thir k.

Ry : khoang céach gifta hat nhan nguyén tr thir h va hat nhan nguyén tr thir k.
N :1a s electron trong h¢; M : 1a s6 positron trong hé.

Na: 14 s6 nguyén tir trong 6 md phong, trong cAu triic mang FCC thi Na = 13.

O day twong tac giira clectron — electron, electron — positron va hat nhan nguyén tir — hat
nhan nguyén tir dugc xap xi theo tuong tic Coulomb va don vi duge st dung la don vi nguyén
tir, ticlde=m=H% = 1.

Ham song thir ciia electron va positron cé cing dang giai tich nhung chi khac nhau ¢ nhiing
tham s8 bién phan. Ham séng clia don electron hodc positron ¢; () dugc tach ra thanh tich cia .
ham séng xuyén tdm va ham cau. Trong d6 ham séng xuyén tim ciia electron va positron trong
nguyén tir duge xap xi theo nhiing ham séng co s Laguerre [2].

Ham séng cua electron va positron trong mang tinh thé dugc xp xi nhu 14 t hop tuyén
tinh cdc ham séng quy dao, tirc 14 him séng cia clectron trong mdt nguyén tir trong mang tinh

thé s& c6 dang :
Wi(f)zgckzq)i(jf_ﬁkl) “4)

Voi ¢, (]_f e lik )) ]a ham song don electron va téng dugc ldy trén tat cA cdc nguyén tir trong

mang. Nhung theo mé hinh xap xi bac mot thi ta chi xét cac nguyén tir 1an can gan nhét. Do vy

I3

tdng trong (4) s& dugc lay trén tAt ca cac nguyén tir 14n can va nguyén tir chira electron. Voi
Cyi 12 hing s6 chuén hoa. Khi d6 ham song toan phan cia hé electron-positron s& co dang:

Lp T (i:c'* ? _fe' ’_fe+e_ )= LP e” (i:e_ }.P et (i:e*' ).P J (ﬂfeJ’ef ) (5)
trong do'¥ (fe_ ), ¥, (_fe+ ) 13 him séng téng ciia electron va positron (hai ham séng nay duoc
tinh tir cAc ham song don hat trong cong thirc (4)), va lPl(fw) 1a hé sb Jastrow thé hién sy

twong quan electron-positron. Theo xép xi Pade thi ¥ (fe+e, ) c6 dang :

. p'
\Il Ly o = S 6
J(”) l+a'r, - ()
Theo phuong phép bién phin Monte—Carlo lugng tir thi nang luong cua hé dugce cho bai:
| S 2
E, = [—=H0¥ (R)¥, (R) dR (7
le®

Trong d6 Wr(R) l1a ham song téng clia hé duoc tinh theo cong thirc (5).

[, (R 12 xde sudt phan bé va mét tap 16n hitu han céc diém duoc lay mdu tir phan b xdc
sudt nay str dung thudt toan Metropolis. Néu nhimmg diém nay 13 Ry,..., Ry, khi d6 tinh toan théng
ké cia tich phén la :

1 & 1 ~
Eq =ﬁ2£———H‘PT(Ri)J (8)

(R
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Céng thirc (8) la cong thirc quan trong duge st dung truc tiép trong tinh toan Monte — Carlo.
Trong cong thirc nay hai dai luong quan trong quyét dinh tinh chinh xac ctia qua trinh tinh toan
la dang x4p xi cia ham séng thir ¥(R) va mé hinh xép xi ctia Hamilton. Dang xap xi ctia ham
séng ¥1(R) dugc cho sé c6 mot dang x4p xi giai tich phu thudc vao cic tham s6 bién phén trong
ham song.

3. KET QUA TINH TOAN.

Cac tham s bién phan trong ham séng: Ze 14 thé hidu dung ciia hat nhan nguyén tir déi voi
electron; Zp 1a thé hiéu dung ctia hat nhan nguyén tir dbi véi positron; B, o’ 1a tham sé bién
phén cua hé sb Jastrow thé hién anh hudng twong quan gitta electron — positron.

Thue hién c4c tinh toan bién phin Monte — Carlo v&i sé cdu hinh 500 va s budc Monte —
Carlo 10000 chung t6i thu dugc cac két qua.

3.1. Bién phén theo Ze

0.81 099 1.16 1.34 1.51 1.69 1.86 2.04 2.21 2.39

0 T T 7 T T T T T ™ ~

Ze

Hinh 1. D6 thi bidu dién ning luong todn phin ctia hé & —e" clia nguyén tir Cu(FCC) theo Ze.
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0.81 099 116 1.34 1.51 1.69 1.86 2.04 2.21 2.39
Ze

Hinh 2. Db thi bidu dién sai sé twong ddi o/E ciia hé ¢ — " clia nguyén ttr Cu(FCC) theo Ze.

Tir hai d thi trong hinh 1 va hinh 2, ta c6 gid trj tham 6 Ze = 1,46 tbi wu ( tirc 1a gid tri Ze
lam cho nang lugng va phuong sai c6 gid tri nhé nhat).
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3.2. Bién phén theo Z,
Tir hai d thi trong hinh 3 va hinh 4, ta ¢6 gid trj tham s6 Zp = 0,285 61 wu (tirc 12 gié tri Zp
lam cho ning lugng va phwong sai ¢6 gia tri nhé nhat

0.01 0.16 0.31 0.46 0.61 0.76 0.91 1.06 1.21 1.36 S
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Hinh 3. Db thi biéu dién ning luong toan phdn Hinh 4. D thi biéu din sai s6 twong ddi o/E ciia
ciia hé e —e" ciia nguyén tr Cu— FCC theo Zp. hé e —e” cia nguyén tir Cu— FCC theo Zp.
3.3. Bién phan theo p’
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Hinh 5. D thi bidu difn nang luong toan phin ciia Hinh 6.9 thi bidu difn sai sb tuong dbi o/E cia
hé e —e* ciia nguyén tir Cu (FCC) theo 3’ . hé e —e" clia nguyén tir Cu(FCC) theo f3'

Tir hai db thi trong hinh 5 va hinh 6 ta nhén thiy cic gi4 tri ning lugng trong khoang B = -
3 dén -1,5 c6 sai sb tuong dbi thay ddi khong dang ké nén ta chon gid tri tham s& B’ =-2,75 téi
wu theo gié tri nang lugng (tc 12 gia tri B’ 1am cho ning lwong 6 gid tri nho nhét
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3.4. Bién phan theo o’

0 0.060120.180.24 0.3 0.360.42 0.48 0.54 0.6 0.45
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Hinh 7. D) thi bleu dién ning lugng toan Hinh 8. Db thi biéu dién sai sé twong dcu o/E cua hé
phén cia hé e —e" clia nguyén tr Cu (FCC) ¢ _¢* ciia nguyén tir Cu(FCC) theo o’
theoat’ .

Tir hai d6 thi trong hinh.7 va hinh.8 ta ¢ gi4 trj tham s6 o' = 0,48 t5i wu (tirc 1a gia trj o'
lam cho nang lugng va phuong sai cé gia tri nho nhat).

3.5. Ning lwong twong quan electron — positron trong kim loai Cu(FCCQ).

Gia tri ndng lugng tuwong quan electron — positron trong kim loai duoc tinh theo tap hop céc
tham s6 di dugc t6i wu (Ze = 1,46; Zp = 0,285; o' =0,48; B’ =-2,75) thu duoc két qua duoc cho
trong bang 1.

Bang 1. Cac gia tri nang lugng tuong quan e — e trong kim loai Cu.

B (3)(CV) E:-p (b)(eV) E*? (c)(ew ES* (d)(ev)

~1028 + 1,11 -9,5 -9,23 -9,33

E<® @: 1a ning lugng twong quan electron — positron dugc tinh trong bai béo theo phuong
phép bién phén Monte Carlo.
E= ®: 12 nang lugng twong quan electron — positron ciia R. M. Nieminen [6].

E:* ©:13 nang luong twong quan electron — positron ciia M. J. Puska va R. M. Nieminen
theo xép xi trong hé toa dd ba chiéu [5].

E:* @: 1a ning lwong twong quan electron — positron ciia M. J. Puska va R. M. Nieminen
theo xap xi Wigner — Seitz [5].

4. KET LUAN

Ap dung ly thuyét ham mét do hai thanh phan va cdc phuong phap xap xi, thyc hién céc tinh
todn bang phuong phap bién phan Monte — Carlo lugng tir cho hé e* - & trong kim loai Cu,
chiing t6i di chi ra: cac tham sd thé hiéu dung ctia hat nhan nguyén tir d6i véi electron Ze =
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1,46; thé hiéu dung hat nhan nguyén tir d6i véi positron Zp = 0,285; va cac tham s6 cia hé sb
Jastrow o' =0,48; B’'=-2,75 img v6i nang lugng twong quan giita electron — positron 1a cuc
tidu. Tir cac tham sb trén, ning luong twong quan ¢* — e trong kim loai Cu(FCC) da duoc tinh 1a
E;? =-10,28 £ 1,11 eV. Két qua thu duoc 1a kha phi hop vdi cac két qua cia R. M. Nieminen

[6], M. J. Puska va R. M. Nieminen [5].

Tir két qua thu dugc da cho thdy ring phuong phép 1y thuyét ham mat do két hop véi bién
phan Monte — Carlo luong tir c6 thé ap dung vao viéc tinh ning luong tuong quan e" - ¢ trong
vét liéu c6 cAu hinh (FCC).

DFT CACULATIONS OF THE ELECTRON — POSITRON ENERGY
CORRELATION IN METAL Cu (FCC)

Chau Van Tao,-Trinh Hoa Lang
University of Natural Sciences, VNU-HCM

ABSTRACT: In this article, density functional theory (DFT) and quantum Monte —
Carlo method are applied for caculating the electron — positron energy correlation in copper
metal with FCC structure. The caculations pointed out that this value was about -10,28 £ 1,11
eV. This value is similar to Puska [5] and Nieminen’s the results [6].
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