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TOM TAT

Gan ddy, phwong phdp toan tir FK da dwoc &p dung thanh céng cho bai toan nguyén ti
hydro trong tir truong déu véi curong dé badt ki. Trong cdng trinh ndy, cac két qud dé duwoc phét
trién cho truong hop tong qudt hon khi ¢é tinh dén thé man chdn. Trong cdc do dac vat i thién
van, nguyén tir hydro c6 thé ton tgi mét thoi gian ngdn trong méi trrong plasma khi ma thé man
chan ¢6 vai trd quan trong. Phuiong phdp todn tir FK diroc sir dung cling véi phép bién doi toa do
Kustaanheimo-Stiefel va ham song diwroc khai trién theo b hdam co sé ciia dao dong tir diéu hoa
bon chiéu. Tuy nhién, dé tinh dwot yéu té ma trdn cho thanh phdn fiwong tdc ¢é thé man chdn, can
phét trién phirong phdp dai sé. Piéu nay dwoc 1am trong bai bao véi két qua 1a biéu thirc gidi tich
cho yéu to ma trdn thu dwoc twong minh dwdi dang chudi cho phép xay dung mér chicong trinh
FORTRAN tinh todn néng lieong Véi dé chinh xdc cao, 1én dén 32 chit sé thdp phan. Gia tri sé dua
ra minh hoa trong bai bao véi tham s6 man chdn tir 0 dén 1 a.u. va cho trang thai 1s.

Tir khéa: phuong phap dai s6; nguyén tir hydro; thé man chan; hé nguyén tir ba chiéu; toan
tu sinh; huay; bd ham co so

1.  Giéi thiéu

Nguyén tir hydro 1a bai toan don gian, c6 101 giai chinh xac giai tich, nén thuong
dugc dung dé kiém chimg cac phat trién méi ciia cac phuong phéap khac nhau trudce khi ap
dung cho cac bai toan nguyén tir phtrc tap hon. Cho dén nay, da c6 nhiéu cong trinh nghién
ctru lién quan dén nguyén tir hydro, nguyén tir hydro trong tir truong (Cao, Ly, Hoang, &
Le, 2019; Sasmal, 2014; Thirumalai, & Heyl, 2009), nguyén ti hydro trong dién truong
(Bahar, & Soylu, 2014; Main, Schwacke, & Wunner, 1998). Trong nhitng nam qua,
nguyén tir hydro trong plasma ciing di dwoc nghién ciru boi nhiéu tac gia (Bahar, & Soylu,

Cite this article as: Ly Duy Nhat, & Hoang Do Ngoc Tram (2020). Highly accurate numerical energy for the
ground state of a hydrogen atom in a plasma with the presence of a uniform magnetic field. Ho Chi Minh
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2014, 2015, 2016; Kar, & Ho, 2005; Lin, & Ho, 2011; Paul, & Ho, 2009, 2010, 2011;
Saha, Mukherjee, & Diercksen, 2002; Saha, Mukherjee, Mukherjee, Fricke, 2011; Soylu,
2012). Cong trinh Saha (2002) da nghién ctru cac dac tinh cua nguyén tir hydro trong
plasma Debye bang phuong phap nhiu loan, trong 6 mo hinh thé man chin Coulomb
tinh (Static Screened Coulomb — SSC) dugc sir dung véi dang Yukawa cho phan chin. Sau
d6, Paul (2009) dung thé man chin SSC dé tim trj riéng nang lugng va ham song cho cac
trang thai bang phuong phap Ritz (Ritz variation method). Paul (2011) dya trén mé hinh
thé man chin Coulomb tong quat dang mii va cosine (Generalized Exponential Cosine
Screened Coulomb — GECSC) dé tinh céc trj riéng ning luong bang phuong phap Ritz.
Thé GECSC duoc ldy tir m6 hinh thé ECSC do Shukla dé xuit nim 2008 (Shukla, &
Eliasson, 2008). Sau d6, Soylu (2012) da dé xuat mé hinh thé tong quat hon (More
Generalized Exponential Cosine Screened Coulomb — MGECSC) dé nghién ctru cac dic
tinh cta nguyén tir hydro trong plasma. Cac két qua nay tiép tuc duoc tac gia phat trién khi
¢6 mat cua dién truong cho mé hinh hai chiéu (Bahar, & Soylu, 2014, 2015, 2016).

Trong cac cong trinh néu trén, cac tac gia déu giai sé phuong trinh Schrodinger co
thé man chin v6i do chinh xac dén 6 chir s6 thap phan. Trong khi d6, nang luong cac mirc
kich thich béc cao rat gﬁn nhau, dic biét khi xét dén thé man chén, do do can phai giai )
phuong trinh Schrédinger véi do chinh xac cao hon. Phuong phap toan tir FK dugc gidi
thiéu trong cudn chuyén khao (Feranchuk, Ivanov, Le, & Ulyanenkov, 2015) c6 mét uu
diém 1a cho nghiém hoi tu nhanh va cé do chinh xac rat cao. Céc wu diém nay da duogc thé
hién trong cac cong trinh méi day (Cao, Ly, & Hoang, 2016; Cao et al., 2019; Hoang,
Nguyen, Hoang, & Le, 2016; Le, Hoang, & Le, 2017; Le, & Hoang, 2017). Trong cbng
trinh ndy, chung to6i s& 4p dung phuong phap toan tir FK cung phép bién d6i
Kustaanheimo-Stiefel (xem trong (Bartsch, 2003)) dé tinh phé ning lugng cta nguyén tir
hydro dit trong tir trudng va méi truong plasma theo mo hinh thé chan SSC. Két qua thu
duoc 1a nghiém chinh xac br?mg s6 c6 d6 hoi tu dén 32 chir sb thap phan cho trang thai co
ban Is.

CAu trac bai bao gdm ba phan chinh: phwong trinh Schrédinger cho bai toan nguyén
tir hydro c6 thé man chén, yéu t6 ma tran thé man chan, két qua va thao luan, va két luan.

2. Phwong trinh Schridinger cho bai toan nguyén tir hydro c6 thé man chin

Phuong trinh Schrédinger cho nguyén tir hydro trong tir trudng c6 xét dén thé man
chin Yukawa trong hé nguyén tir dugc viét duéi dang

H W =&y,
HA——E 82 + 82 + 82 _l Xi_yi +1 2(X2+y2)_£ (1)
2 8X2 ayz 822 27 ay OX 87 [X2+y2_|_22 '
v6i A 1a tham s6 man chan. Do mdi lién hé véi ban kinh Debye theo hé thirc D=1/ (B.
Saha et al., 2002) nén tham s6 A phu thudc vao nhi¢t 4o va mat do cua plasma. Pon vi do
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dai 1a ban kinh Bohr a,=4ngh’ /me®=0.5292 A; don vi ning lugng la Hartree
E, =h?/m,a? =27.21 eV; don vi tir truong B, = 1/ ea’ =2.3505x10° T. Trong cong trinh
nay, chung toi tinh toan cho nguyén tir hydro nén sb hiéu nguyén tir Z =1.

Phuong trinh (1) d4 duoc giai thanh cong bang phuong phap toan tir FK trong truong
hop khong ¢ thé man chan, 4 =0, va di cong bd trong cong trinh (Cao et al., 2019). Bing
cach tuong tu, trong cong trinh nay chung t6i s€ giai phuong trinh (1) cho ca truong hop A
bat ki theo cac budc sau:

(i) Qua phép bién d6i Kustaanheimo-Stiefel
X=2UU, +2VV,, y=2UuV,—2U,V,, Z=U;—U;+V. -V, ¢=arctan Y 4 arctan Y2,
ul uZ
phuong trinh (1) dwoc viét thanh
162626282(m2222
—= +—+ + - e——y [(u +V; +U, +V
{ s[auf EY TPy p 7 Jui v U v)

+%7/2 (uf +vf)(u22 +v22)(u12 +V2 4 u? +v22)— Ze_i(ufwlzw%wg)}w(u,v) =0.

@)

O day, goc ¢:0— 27 duge dua vao nhu mot bién sb thém, khi chuyén tir khong
gian (u,v) vé khong gian (X, y,z) ta can diéu kién dy /8¢ =0 dé xac dinh.
(ii) Biéu dién Hamiltonian trong phuwong trinh (2) qua cac toan tir sinh, hiy &, &/,
65, 6; (s=12) sau
1

Szﬁ(&s—iﬁs), & =—=(a; +if),
55=%(&5+u;;), b= )

Q>

3)

A

trong do, cac toan tur sinh, huy «,, a; ,35, B duogc dinh nghia

s !

a, :\/E(us +£i] a; =\/5(us —liJ

@ OU @ OU

bl sl 2) jroiafv -2 2)
@ OV @ OV
Viéc t6 hop nhu biéu thic (3) giup cho moment dong luong theo truc Oz: fz tro
thanh toan tr chéo dé dé dang 4p dung tinh chit bao toan cua dai luong vat li ndy. Ta thu
dugc Hamiltonian dudi dang dai sb
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H:=—%co ab, +<§1262+A*A++é§62+—”él—A*Bl—éz+éz_A;Az_z)
1 m AR | At L AYA LRt LAl AR
- g——;/j(albﬁa1 +a,a +b'b +ab, + b +4,4, +b b +2)
20 2
+ 372(5161+a151 + a1+b1bl+1)(a2b +4&b; +4/4, +bb, +1) 4)
16w

x(élﬁl +&'b +478 +b'b +4,0, +Ab) +4.4, +b;D, +2)

70 20 (ellt>l+a11t;l +8; 8 +b{ by +&,b,-+;; +8;,+b5b,+2)

O day, trong biéu thtc (4), nho vao tinh chat bao toan moment dong luong theo truc
Oz, ta da thay toan tir |: bang trj riéng ctia né theo phuong trinh fZ w(u,v)=my(u,v).

(iii) Sau d0, chung toi sir dung bd ham co s& 1a ham dao dong tir diéu hoa dang dai sd
va thuc hién céac tuong tac dai s6 dé tinh cac yéu t6 ma trAn mot cach dé dang (xem chi tiét
vé bo ham co sé trong (Cao et al., 2019)). Tuy nhién, trong phuong trinh (4) c6 thanh phan
ma toan tir sinh, hiy & dang mii cho nén viéc tinh cac yéu té ma tran khong phai tim
thuong. Trong bude nay, chung t6i s& tap trung tinh yéu té ma tran

albﬁa1 bl +4&, alerl bﬁazszra2 b2 +a2a2+b2 b2+2 | L.
;M)

(@,A)=-Z (kk,m|e 2
(iv) Giai phuong trinh ham riéng, vector riéng dé thu phd ning luong va ham séng.

3. Yéu té ma tran cha thé man chian

3.1. Dang chudn ciia todn tir dang e mii

()

Vk1kz i

Chung t6i s& str dung cac toan tu sinh, hiy &, (®),a; (w),b (a)), 6: (w) (s=1,2), duogc

dinh nghia bang biéu thirc (3), cung v6i cic giao hoan tir cia chiing cho viée tinh toan cac
yéu t6 ma tran bang phuong phap dai sd. Trude hét, xét toan tir

—i(albﬁal by +4; & +by'b, +4,b, +45 b5 +4; &, +b;| b2+2)

S=eg , (6)
ta thdy n6 c6 thé tach thanh S =SS, véi

~ 4 (allera1 by +4 & +by bﬁl) ~ A (azb2 +83b; +4;8,+bb, +l)

S,=e 2 va S,=e 2

Diéu nay dé dang thdy do cac toan tir sinh, hiy véi chi s6 1 va cac toan tir véi chi s6
2 giao hoan véi nhau. Dé c6 thé tinh toan, cac toan tir §l, §2 nay s& duoc dua vé dang
chuén theo nghia 1a mét tich, trong d6 toan tir sinh bén phai, toan tir hity bén trai va toan tir
trung hoa & gitra. Do §1 va §2 ¢6 cung dang nén dudi day ta chi trinh bay chi tiét cac budc
chuén hoa toan tir §1 .

Pé tinh gon cac toan tur cua ham e mi, chung t6i dat cac toan tor moi

Mlzélﬁl’ Mf :é\1+61+1 leéi+éi+61+61+l1 (7)
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—r](l\?ll+l\7lf+l\]1)

qua do6 viét lai toan tir él =e v6i n=A/2w. D& dang kiém chimg cac toan tir

(7) tao nén mét dai sb kin thé hién qua cac hé thirc giao hoan:
(MM =K, [M, N |=2M,, [N, M ] =2M, )
Str dung cac giao hoan tir (8) va thuc hién cac bude chuan hoa toan tir duge trinh bay
chi tiét tai cac biéu thirc (6.41—6.44) trang 232 cua tai liéu chuyén khao (Feranchuk et al.,
2015), ta thu duoc két qua

& (M) M g M
S, =e =e "7 e e 7. (9)

Tuong tu nhu vay, ta thu dugc

7+

S o
] —U(M2+M§+Nz) M. e—ln(1+z7)N2e 1+77M2

_n

S,=¢ =e 1

3.2. Tinh cic yéu té ma trin

Mot trong nhiing cach dé giai phuong trinh Schrédinger 1 tim ham séng duéi dang

khai trién tuyén tinh theo mot bo ham co s cho trude. Khi d6 thay vi giai phuong trinh vi

phan dao ham riéng bac hai ta s& giai hé phuong trinh tuyén tinh v6i hé sé khai trién cua

ham séng va ning lugng 14 cac an sd can tim. Trong bai nay, ching toi s& s dung bd ham

co s& 1a cac ham séng cua nguyén tir hydro dbi ximg tru do nguyén tir hydro trong tir

truong mat dbi ximg cau nhung van giit nguyén d6i ximg tru theo truc doc theo véc-to tir

truong. Bo ham co s& ndy qua phép bién d6i Kustaanheimo-Stiefel s& 1a ham séng dao

dong tir diéu hoa bon chiéu va c6 thé viét dudi dang dai s6 qua cac toan tir sinh, huy nhu
duogc xay dung trong (Feranchuk et al., 2015) dudi dang:

1 n VA ke
\/kllkzl(kl+|m|)!(k2+|m|)!(Ml) (Mz) 0.0.m(@)). (10)

O day, ta co [0,0,m(e))=(40)"[|0(w)) v6i m>0 hodc [0,0,m(w))=(a")"|0(w))

|k11k2’m(w)>=

voi m<0. Trang thai chén khong |0(w)) dugc dinh nghia tir cic phuong trinh:
4,[0(0)=0, 4,0(w)), b|0(@)=0, b,|0(w))=0 (11)
v6i diéu kién chuén hoa (0]0(w)) =1.

Dung céc biéu thire quen thuQc cua toan tir sinh, hiy tdc dung Ién véc-to trang thai,
c6 trong sach gido khoa vé co luong ti, ta c6 thé thu dugc cac biéu thirc tic dung sau:

M, [k, kg m) =k, (K, +|m[) |k, ~L k,, m),
M, [y, ko m) =k, +1) (k, +[m|+1) [k, +1,k,, m), (12)

N, [k, Ky, m) = (2K, +|m|+1)| k, k,, m).

Ta ciing c6 biéu thirc tuong ty nhu vay cho tac dung cua céc toan tir M ”s M > N,.
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Ta tinh yéu t6 ma tran A bang cach khai trién cac thanh phan dang mil trong
cac toan tir S, vd S, theo chudi Taylor. Tiép theo, twong tac dai sd cua cac toan tir
M,, M, N, v6i (s=12) 1én bo ham co s& | j,j,m) theo céc biéu thie (12). Céc bude

tinh toan chi tiét twong ty nhu duoc trinh bay trong phu luc cua (Cao et al., 2019). Két qua

thu duoc
200 - - X A k_jl )
(i) Sildidom) = (-1)" W&hm (17)|k, j,m), (13)
k=0 77)
trong do
e T
T - (14)
Aan (7) p—ma%,lk)\/[p](p J k=I+p)lk=I+p 1
(i)
i i i k= R )
S i) =3 ()T A (n)Si]K im)
k=0 (1+7)
© K= j+1- ], (15)
— _ k=j+l-1;
B k%lo( 1) (1+77)j1+k+j2+|+2\m\+2 Akhm( A] m |k,|,m>
(i)

Vk1k2’j1jz (77) =-Z <k1k2m | é\Z§1| j1j2m>
7 (kk,m| 3 (~1) T
okl S

()
e (1+ 77)11+k1+jz+k2+2\m\+2 A‘<1j1m (77) Akziz”‘ (77)

k=ji+l-J;

fi+k+ jp+1+2jm}+2 A(jlm ( AJ m | k’ I ! m> (16)

Trong trudng hop riéng, khi khong c6 thé man chin, A=0, ta c6 két qua
Vk1kz,hjz (0) ~28y;,9

k.i.0%, j, - Khi do néu khong co tir truong, bai toan thuan tay nguyén tir
hydro v&i nghiém giai tich. Cac ham séng 1a R, (r)Y,, (¢,6) tGng v6i cac mirc ndng luong
E,=-1/2n%,(n=1,2,3..).

Céc yéu t6 ma tran con lai hoan toan nhu trong bai toan nguyén tir hydro trong tir
truong khong c6 thé man chin va di dugc dua ra trong Phu luc cua (Cao et al., 2019). Vi
du nhu v6i yéu t ma tran

=%<j1j2m|(NA1 +NAz +2_'\7|1 _Mz_MJ_M;) 112

)

K k2 kiks

ta dé dang tinh dugc nhu sau:
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Koo (@) :%[2( h+l +|m|+1)5k1,115k2,12 R jl(jl +|m|) %%.i1% 1,
— b ( I +|m|) %%, ;1% _\/( I +1)( h +|m|+1) %, iy1%, i, (17)

_\/( jZ +1)( j2 +|m|+1) 5k2,j2+15k1,j1]'

4.  Két qua vathao luan

Véi cac yéu td ma tran duoc tinh theo cac biéu thuc (16), (17), mot chuong trinh giai
s6 bang phuong phap toan tir FK dugc viét bang ngdn ngir FORTRAN ¢6 sir dung thu muc
“subroutine DSYGVX” trong géi LAPACK (Netlib.org. LAPACK: Linear Algebra
PACKage, n.d.) véi cac bién sb thuc duoc viét lai 1a REAL*16 twong dwong do chinh xac
32 chir s6 thap phan. Chuong trinh c6 thé cung cap mién phi theo yéu cau cua nguoi dung
va s& dugc cong bd trén cac tap chi tuong img,

Mot trong diém ndi bat cua phuong phép toan tir FK 14 ¢6 dua vao tham sé tu do @
qua biéu thirc (3) dinh nghia cac toan tir sinh, hity. Chon gié tri thich hop cho tham sb nay
ta c¢6 thé thu duoc do chinh xéac cao khi tinh ning luong. Diéu d6 ciing twong duong véi
tbc d6 hoi tu cao khi tinh ning lugng voi d6 chinh xac cho trudc. Tuy tinh chat nay cua
tham s tu do duoc quan st & rat nhiéu hé khac nhau, xem cac vi du trong (Feranchuk et
al., 2015), nhung v6i mdi truong hgp méi ta can kiém chimg lai bang sd. Véi bai toan dang
x¢€t ta cling tim dugc mién gia tri tham s6 cho toc dd hoi tu cao nhat. Trén Hinh 1, thé hién
cho vi du vé6i tham s6 man chan 1 =0.01 (Hinh 1a) va 1 =0.1 (Hinh 1b) va cho truong
hop khéng c6 tir trudng va ning luong trang thai 1s duoc tinh v6i d6 chinh xac dén 15 chir
s6 thap phan (dudng mau do) va 10 chir s thap phan (duong mau den). Truc tung biéu
dién sd bac gan dung can phai tinh dé dat duoc do chinh xac da cho tmg véi cac gia tri
tham sd tu do khac nhau, biéu dién trén truc hoanh. Hinh 1 cho théy vung tham s6 tu do tbi
rru ton tai va nd gan nhu nhau v6i d6 chinh xac 10 hay 15 chit s6 thap phan. Thi cho nhiéu
dd chinh x4c khac nhau ta két ludn mién tham sb tdi vu khong phu thudc vao do chinh xac
can tinh. Piéu nay cho phép ta tinh nang luong v6i do chinh xac thap, vi du 1a dén 10 chir
) thap phan, vdi cac tham sb tu do khac nhau va qua d6 xac dinh mién tham s6 t6i uu. Sau
d6 sir dung tham sé d6 dé tinh ning luong voi d6 chinh xac 1én dén 32 chit sé thap phan.
Trong chuong trinh tinh toan, gia tri tham sd t6i uvu da duogc tinh trudc cho mot sb truong
hop tng voi cuong do tor truong khac nhau tr »=0—>100 véi budc nhay
Ay =0.1x (7 +1) va tham s6 man chin 1 =01 vdi budc nhay AA=0.05. Cac trudng
hop khac thu duoc bang ndi suy. Nhu vdy, trong chuong trinh tinh toan da tich hop cac gia
tri tdi wu cia tham s tu do.
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Hinh 1. g hgi tu thé hién qua bdc gan diing s theo tham sé tw do @ cho nghiém duwroc
tinh véi dé chinh xdc dén 15 chir s6 thdp phdn (dwong mau ds) va 10 chit so thdp phan
(dwong mau den) cho y =0 va hai truong hop cua tham sé chan: () 4 =0.01 va (b)
A=0.1.

Chuong trinh dugc kiém chiing cho gié tri nang lugng 1s chinh xac dén 32 chir sé
thap phan vai tham s man chan A c6 gié tri tir 0 dén 1.0 a.u. &ng véi tir trudng » 6 gia
trj ttr 0 dén 100. D& minh hoa, trong Bang 1 dua ra mot sé két qua cho trudng hop khdng
co tir trudng, cac két qua dugc so sanh véi cac cong trinh khéc (Paul, & Ho, 2009; Saha et
al., 2002; Soylu, 2012) va Bang 2 cho truong hgp tur truong y =1. Trong truong hop
A >0.02 thi bac gan dung (s) cua ham song phai duoc chon 1én dén 180, twong dwong véi
s6 lwong phan tir ma tran 18n ti 8281x8281 d6i véi bd ham co sé ddi xung.

Chuong trinh c6 thé phat trién cho cac trang thai kich thich ciing nhu cho cac dang
thé man chin khac nhu GECSC va cong bd trong cong trinh tiép theo.

Bdng 1. Cac gid tri ndng lwong mitc co ban 1s theo tham sé man chdan
A trong hé don vi nguyén tur trong truong hop tur truong y =0

Tai lieu Tai lieu Tai lieu
A g (Soylu, (Paul, & Ho, (Sahaetal.,
2012) 2009) 2002)
0.000 -0.5000000000000000000000000000000 -0.50000
0.010 -0.4900745067466941718092082523330 -0.490075 -0.490075 -0.49008
0.050 -0.4518164285245055438562170757554 -0.451816 -0.451816 -0.45182
0.100 -0.4070580306134031567545070703611 -0.407058 -0.405705 -0.40705
1.000 -0.0102857899900176968047742153111 0.16598
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Bdng 2. C4c gid tri nang heong mire co ban 1s theo tham sé man chan A
trong hé don vi nguyén tu trong truong hop ter trecong y =1

A g
0.000 -0.3311688967331580356102982
0.010 -0.3212281942984668084487882
0.050 -0.2826224109660852632933711
0.100 -0.2368473261576955381981450
1.000 0.2593299390848640488750535

5. Kétluan

Qua phép bién ddi Kustaanheimo-Stiefel, chung toi di ap dung thanh cong phuong
phap toan tir FK cho bai toan nguyén tir hydro trong méi trudng plasma véi thé man chin
Yukawa. Ching t6i da giai phuong trinh Schrodinger cho nguyén tir hydro trong tur truong
c6 xét thé man chin va thu duoc niang luong véi d6 chinh xac dén 32 chir sé thap phan cho
trang thai co ban 1s va so sanh véi cac két qua tinh sb trude day cho thdy su vuot troi cua
d6 chinh xé&c. Mot chuong trinh FORTRAN duoc viét dé tu dong hda hoan toan tinh toan
cho ngudi ding. Chwong trinh s& dwoc phat trién va kiém ching tiép cho cac trang thai
kich thich cao, d6 thay doi tir truong rong va mién tham s chian mé rong. Ngoai ra, co thé
phat trién cho bai toan heli va cac nguyén tir cao hon.

% Tuyén bé vé quyén loi: CAc tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.

< L& cam on: Bai bao nghién ctru nay duwoc tai tro béi Trirong Pai hoc Sw pham Thanh
phé H6 Chi Minh qua Pé tai trong diém cép co sé ma sé CS.2019.19.43TH. Céac tac gid
chan thanh cdm on GS. TSKH. Lé Van Hoang da hwéng dan, dat van dé va gép y, chinh
stra cho bai bao.
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ABSTRACT

The FK operator method has been recently applied successfully to the problem of a
hydrogen atom in a magnetic field with any intensity. In this work, this method is applied more
generally, considering the screening effect. Screening effect plays an important role in practical
astronomy research on hydrogen atom in a plasma environment. In this paper, the FK operator
method is combined with the Kustaanheimo-Stiefel transformation, so the wavefunction is
expanded in terms of the eigenfunctions of a four-dimensional harmonic oscillator. There is an
improvement in algebraic calculations to obtain the matrix elements of the screening term in the
Hamiltonian, which results in the explicit expressions of the matrix elements in the series
expansion. These results help to build a FORTRAN program finding highly accurate numerical
energies with the precision up to 32 decimal places. For an illustration purpose, energies for the
ground state with the screening parameter ranging from 0 to 1 a.u. are shown in the paper.

Keywords: algebraic method; hydrogen atom; screened Coulomb potential; annihilation and
creation operators; basic set
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