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1. GIOI THIEU

Positron khi vao mdi truong vat chit s3 bi nhiét héa va hay vai eectron ciamdi truong. Gia
thiét positron lién két voi electron cua nguyén tr mdi truong tao thanh trang théi gia bén trudc
khi hay. Khi d6 theo Boronski va Nieminen [3] niang luong tong caa hé gom céc electron va
positron trong thé truong ngodi Ve €6 thé duoc tinh theo ly thuyét ham mat do nhu sau:
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Véi F[n] 1aham mat d6 mot thanh phan cho electron hoic positron.

=Tl S epnepne P e I @

Vai T[n] Iadong nang cua hé electron hoic positron tu do; E,[n] la nang luong twong quan —
trao doi ciia electron — electron hoic positron — positron; Ve, 1a thé do nhitng hat nhan nguyén tir
va nhirng ddm may dién tich electron gdy ra va E.°® [n, n,] la ham niang lugng tuong quan
€lectron — positron.

Ap dung phuong phap Kohn — Sham [4], tim mat do electron va positron trong trang théa co
ban cua hé tng vai viéc cuc tiéu hda nang lugng tong E[n., n.] trong phuong trinh (1) theo mat
d6 electron va positron. Theo Kohn — Sham ham song tong cua hé electron — positron dugc tinh
tr nhirng ham song riéng cua tirng el ectron va positron thoa hé phuong trinh Schrodinger mét hat
cho electron va positron. Khi d6 thay cho viéc cuc tiéu héa nang lwong tong E[n., n.] caa hé bang
viéc cyc tiéu hda nang luong riéng cua tirng electron va positron.

2. PHUONG PHAP TiNH

Sir dung phwong phép bién phan Monte — Carlo luong tr [1] dé giai phuong trinh Kohn
— Sham. Trong bién phan Monte — Carlo lugng tir, yéu té quyét dinh két qua tinh todn 1amo
hinh xap xi cia Hamilton va dang ham song thir trong phuong trinh Kohn - Sham. Mé hinh
xap xi cua Hamilton duoc sir dung trong tinh todn [amd hinh cia Born — Oppenheimer.
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NZ,N2 :13n luot 1atoan tir dong nang cua electron va positron.
rj : khoang cach gitra électron thu i vatha j.
rp - khoang cach gitra electron thir i vapositron tha p.
Rik : khoang céach gitra electron thir i va hat nhan nguyén tir thr k.
Rp« : khoang cach gitra positron thir p va hat nhan nguyén ti thir k.
Rk : khoang céach gitra hat nhén nguyén tir thir h va hat nhén nguyén ti thir k.
N :lasd eectrontrong hé; M :1asd positron trong hé.
Na: 14 s nguyén tir trong & md phong, trong ciu trdc mang FCC thi Na= 13.



O day tuong tac gitta electron — electron, electron — positron va hat nhan nguyén tir — hat
nhan nguyén tir dugc xap xi theo tuong tac Coulomb va don vi dugc st dung la don vi nguyén
ta, taiclae=m=h =1.

Ham song thir ciia electron va positron cd cung dang giai tich nhung chi khéc nhau ¢ nhirng
tham sb bién phan. Ham song ciia don electron hoac positron f, (I) duoc tach rathanh tich cia
ham song xuyén t,é\m va ham cau. Trong d6 ham song xuyén tam cua electron va positron trong
nguyén tir duoc xap xi theo nhirng ham song co so Laguerre [2].

Ham song cua electron va positron trong mang tinh thé dugc xap xi nhu 1at6 hop tuyén tinh
céc ham séng quy dao, tac |a ham sdng cua electron trong mot nguyén tir trong mang tinh thé s3
cOdang:
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V6i fiQr- Rk|) la ham song don electron va tong duoc lay trén tat ca cac nguyén ta trong

mang. Nhung theo md hinh xap xi bac mot thi ta chi xét cac nguyén tir 1an can gan nhét. Do vay
tong trong (4) s duoc lay trén tat ca cac nguyén tir |an canvanguyén tir chira electron. Véi Cy
lahang s6 chuan héa. Khi d6 ham séng toan phan ctia hé electron-positron sé c6 dang:

w (i85 )=w w6 ) ®
trong do'¥ ('re, ) Y. ('re+ ) |& ham song tong cia electron va positron (hai ham song ndy duoc
tinh tir c&c ham song don hat trong cong thiec (4)), va ¥, ('re+e, ) |a h¢ sd Jastrow thé hién sy
twong quan electron-positron. Theo xap xi Pade thi ¥, ('re+e, ) cO dang :
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Theo phuong phép bién phan Monte—Carlo luong tir thi nang lwong caa hé duoc cho boi:
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Trong d6 Y +(R) 1a ham séng téng cua hé dugc tinh theo cong thic (5).
& (R)|2 |a xé&c suat phan bd vamét tap 16n hitu han céc diém duoc Iy miu tir phan bé xéc

suit ndy sir dung thuat todn Metropolis. Néu nhitng diém ndy 1aR,,..., Ry, khi d6 tinh todn thong
ké cuatich phanla:
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Cong thuc (8) 1a cong thirc quan trong duoc sir dung truc tiép trong tinh toan Monte — Carlo.
Trong cong thirc nay hai dai lwong quan trong quyet dinh tinh chinh x&c caa quatrlnh tinh toan la
dang x4p xi ciaa ham séng thir Y T(R) vamo hinh xap xi caa Hamilton. Dang xap xi caa ham song
Y +(R) duoc cho s c6 mét dang xap xi giai tich phu thudc vao cac tham sb bién phan trong ham
song.

3. KET QUA TiNH TOAN.

Céc tham s bién phan trong ham song: Ze la thé hiéu dung caa hat nhan nguyén tir di véi
electron; Zp lathe hiéu dung cua hat nhan nguyén tur doi vai positron; b, a’ latham so bien phan
cua hé sb Jastrow thé hién anh hudng tuong quan gitra electron — positron.



Thyc hi¢n c&c tinh toan bién phan Monte — Carlo véi so cAu hinh 500 va s busc Monte —
Carlo 10000 ching toi thu dugc céc két qua.

3.1. Bién phan theo Ze
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Hinh 1. B4 thi biu dién ning luong toan phan caahé € —* cuanguyén tir Cu(FCC) theo Ze.
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Hinh 2. D6 thi bidu dién sai sb twong dbi S/E ciahé € —e* cia nguyén tir Cu(FCC) theo Ze.

Tir hai dd thj trong hinh 1 vahinh 2, taco giatrj tham sb Ze = 1,46 toi wu ( tac lagiatri Ze
lam cho nang lugng va phuong sai ¢o giatri nho nhat).

3.2. Bién phan theo Z,
Tir hai d6 thi trong hinh 3 vahinh 4, taco giatri tham s6 Zp = 0,285 t6i wu (tirc lagiatri Zp
lam cho nang lugng va phuong sai o giatri nho nhat
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Hinh 3. Db thi biéu didn nang lugng toan phan Hinh 4. B thi biéu dién sai sb twong déi S/E cua
ciahé € —" cianguyén tir Cu— FCC theo Zp. hé € —e" cuanguyén tar Cu— FCC theo Zp.

3.3. Bién phan theobt
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Hinh 5. D6 thi biéu dién ning luong toan phan caa Hinh 6.D4 thi bidu dién sai sb trong déi S/E ciia
hé e —e* caa nguyén tar Cu (FCC) theob(. hé & —e" caanguyén tir Cu(FCC) theo b
Tir hai dd thi trong hinh 5 va hinh 6 ta nhan thdy céc giatri nang luong trong khoang b¢ = -3
dén -1,5 c6 sai sd tuong di thay doi khdng dang ké nén tachon giatri thamsd b( =-2,75t6i wu
theo giatri nang lugng (tic lagiatri bC 1am cho niang lwong c6 giatri nho nhat

3.4. Bién phan theoa (
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Hinh 7. D6 thi bidu didn ning luong todn Hinh 8. D4 thi bidu dién sai sb tuong di S/E ciahé



phan cua h¢ € —e" cua nguyén tir Cu (FCC) e —e" caanguyén tir Cu(FCC) theoal (.
theoa (.

Tir hai db thj trong hinh.7 va hinh.8 tacé giatri tham s a¢ = 0,48 tdi uu (tuc lagiatri at
Iam cho niang lugng va phuong sai o giatri nho nhat).

3.5. Niing lwong twong quan electron — positron trong kim loai Cu(FCC).

Gia tri nang lugng tuong quan electron — positron trong kim loai dugc tinh theo tap hop céc
tham sd d& duoc ti vu (Ze = 1,46; Zp = 0,285; a (= 0,48; b(=-2,75) thu duoc két qua dugc cho
trong bang 1.

Bang 1. Céc giatri nang lugng tuong quan € —€" trong kim loai Cu.

Ec” Aev) E:® Oev) Ec® Oev) Es® Dev)

-10,28+ 1,11 -9,5 -9,23 -9,33

Ec® @: |4 ning luong tuong quan eectron — positron duoc tinh trong bai béo theo phurong
phép bién phan Monte Carlo.
Ec® ®: lanang lwong tuong quan electron — positron caa R. M. Nieminen [6].

Ec® ©:]anang luong tuong quan electron — positron cia M. J. Puskava R. M. Nieminen theo
Xap xi trong hé toa do ba chiéu [5].

E® @: 1a nang lwong tuong quan electron — positron caa M. J. Puska va R. M. Nieminen
theo xap xi Wigner — Seitz [5].

4. KET LUAN

Ap dung ly thuyét ham mat do hai thanh phan va cac phuong phép xap xi, thuc hién céc tinh
toan bang phuong phép bién phan Monte — Carlo luong tir cho h¢ € - € trong kim loai Cu,
chiing t6i d& chi ra: céc tham sb thé hiéu dung caa hat nhan nguyén tir d6i véi electron Ze = 1,46;
thé hiéu dung hat nhan nguyén tir dbi voi positron Zp = 0,285; va c&c tham sb caahé sb Jastrow
at =0,48; b(=-2,75 tng véi nang luong twong quan giira electron — positron 1a cuc tiéu. Tir cac
tham sb trén, nang lugng tuong quan €' — € trong kim loai Cu(FCC) da dugc tinh 1a ES P = -
10,28 + 1,11 eV. Két qua thu duoc |a khéa phu hop véi céc két qua caa R. M. Nieminen [6], M. J.
PuskavaR. M. Nieminen [5].

Tir két qua thu dugc da cho thay rang phuong phép |y thuyét ham mat do két hop véi bién
phan Monte — Carlo lwong tir ¢6 thé &p dung vao viéc tinh nang luong tuong quan € - € trong
vt lidu c6 ciu hinh (FCC).
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