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Tém tit: Phuong phap R-matrix duoc ap dung dé giai phuong trinh Schrédinger cho tan
xa dan hoi nucleon-hat nhan st dung thé quang hoc phi dinh xt. Thé quang hoc hién
tuong luan phi dinh xir dugc dé xuét bai Perey va Buck (PB) va hai phién ban dugc tham
s6 hoa gan diy dé mo ta tiét dién tan xa dan hoi nucleon 1én hat nhan “®Pb va ?’Al tai cac
nang luong khac nhau. Sy so sanh két qua su dung phuong phap R-matrix véi két qua thu
dugc tir phuong phap lap da khang dinh ring phuong phap R-matrix 1a cong cu hi€u qua
dé mo ta tan xa dan hoi nucleon-hat nhén sir dung thé quang hoc phi dinh xir trong khuén
khé mau quang hoc.

Tir khéa: phi dinh xik, thé quang hoc nucleon, phwong phdp R-matrix.

I. MO DAU

Tén xa dan hdi nucleon-hat nhan doéng vai tro quan trong trong vat ly hat nhan hién dai
dé nghién ciru twong tac nucleon-hat nhan ciing nhu ciu tric cta hat nhan bia. Pai luong can
thiét cho mo ta tan xa nucleon-hat nhan la thé quang hoc, x4c dinh ham soéng tan xa cua
nucleon qua viéc giai phuong trinh Schrodinger. Dé don gian hoa céc tinh toan, thé quang
hoc thuong dugc xay dung c6 dang dinh x{r trong mo ta tan xa dan hdi nucleon-hat nhan. Thé
hién twong luan Woods-Saxon (WS) dugc dir dung nhiéu nhit dé tham sé hoa thé quang hoc
dinh x@ [1,2]. Tuy nhién, trong khong gian toa do, thé quang hoc nucleon thong thuong c6
dang phi dinh xtr do nguyén Iy ngoai tir Pauli va do dnh hudng cta cac kénh khong dan hoi
khéc. Do d6, viéc su dung thé quang hoc phi dinh x{ trong tinh todn tan xa nucleon-hat nhan
theo mau quang hoc 1a rt can thiét. Trong nhiing tinh toan miu quang hoc tan xa dan hoi-
nucleon hat nhan thé quang hoc dugc str dung hau hét c6 dang dinh xu, chi c6 mot ) nhirng
nghién ctru st dung thé quang hoc c¢6 dang phi dinh x@ (theo céc tai liéu [3-7]). Trong sb
nhitng phién ban thé quang hoc phi dinh xt d6, chung toi quan tim dén phién ban xay dung
boi Perey va Buck (PB) [3] va phién ban tuong tu dugc tham sé boi Tian, Pang va Ma (TPM)
[6], trong d6 ham thé c6 dang mot ham WS nhan v6i ham phi dinh xtt Gaussian. Nhitng tham
sd ctia PB dugc hiéu chinh sao cho mé ta t6t nhdt mau quang hoc ctia hé tan xa dan hoi
n+2%®Pb tai nang luong 7.0 va 14.5 MeV, trong khi d6, thé quang hoc TPM duoc chinh chuan
dé thu duoc sb lidu tan xa cua nucleon 1&n cac bia *°S, *Fe, 1%°Sn, va 2%pp trong khoang
nang luong tur 8 dén 30 MeV. Gan day su phu thudc nang luong da dugc dua vao thé PB va
TPM, c6 tén la PB-E va TPM-E, trong d6 nhiing tham s duoc diéu chinh dé mé ta tot nhét
tan xa dan hdi cua neutron 1én hat nhan “°Ca, *zr va 2®pb trong khoang nang luong E~ 5 -
40 MeV [7].

Giai phuong trinh Schrédinger véi thé phi dinh xtr ¢6 dang phuong trinh vi-tich phan,
viéc gidi phuong trinh tré nén phuce tap hon so véi phuong trinh vi phan thong thuong chira
thé dinh xt. Dé giai quyét van dé nay, ching t6i sir dung phuong phap R-matrix [8] trong
viéc giai chinh xac phuong trinh Schrédinger véi thé quang hoc phi dinh xir. Phuong phap R-
matrix két hop véi tinh tich phan theo phwong phép cdu phwong Gauss-Legendre gitp cho



viéc tinh s6 tré nén don gian hon. Mic di phwong phap R-matrix dwgc phat trién dé xir 1y
chinh xéac thé quang hoc phi dinh x& nhung lai dwoc ap dung chu yéu dé nghién ciru tan xa
cong hudng & nang luong thip sir dung dang dinh xir cia thé tan xa [8]. Do d6 muc dich cia
dé tai nay 1a sir dung phuong phap R-matrix dé nghién ciru tan xa dan hoi nucleon-hat nhan
sir dung thé quang hoc phi dinh xt. Chung toi lya chon tuong tac PB [3] va TPM [6] ciing
nhu cc phién ban phu thudc ning luong [7] dé nghién ctru tin xa dan hoi ctia nucleon 1én
2%8pp va 2’ Al trong khoang nang luong tir 14.6 MeV dén 40 MeV. Két qua thu dugc st dung
R-matrix [9] duoc so sanh véi két qua thu dugc sir dung phuong phap giai lap dugc thuc hién
bdi code NLAT [10].

1. THE QUANG HOQC PHI PINH XU VA PHUONG PHAP R-MATRIX

11.1. MAu quang hoc véi thé phi dinh xi

Theo mau quang hoc cho tan xa nucleon-hat nhan, ham séng tan xa la nghiém cia phuong
trinh Schrodinger véi thé quang hoc phi dinh xt

e o(r) + Vio(r)lo r 7(r,r")x(k,r")dr" = Ex(k,r
554 Velr) 4 Vil | )+ [ V(e )i’ = Ex(ir) .

trong d6 V¢(r) va Vi s(r) tuong Gng 1a thé Coulomb va spin-qily dao c6 dang dinh xu, V (r, )
la thé xuyén tam phi dinh x@&. Spin cta nucleon téi duoc dugc biéu dién boi ma tran Pauli
s = ho /2. Trong tan xa nucleon-hat nhan, sy dinh hudéng spin cia nucleon can dugc xét cu
thé, khi d6 ham song tan xa duogc biéu dién theo ham spinor [11],

ms k T Z ‘(mgm k T m
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trong d6 yéu t6 ma tran theo spin ctia ham song tan xa duoc khai trién theo cac song riéng
phan nhu sau
47 .- 1 _ 1, .. 1
Xmgm (K, 7) = . Z Ui (k) {Eéir;r.!.?r;r.:_._.j ljm;) (.-.’.am m’|im;) i Vi (7)Y, (K )
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Y\m 12 ham Harmonic ciu v&i m= m, ms vam'= mj- m's (voi ms, m m; lan luot 1a hinh chiéu cua
spin, mé men goc | va m6 men goc tong cdng cua nucleon). Thé xuyén tam phi dinh xur cling
c6 thé khai trién theo ham Harmonic cau
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Nhan c hai vé ciia phuong trinh (1) véi ham Harmonic Yy, (k) VA Y, (7), va tich phan hai

vé theo bién goc k va 7 ta thu duoc phuong trinh ban kinh cho ham séng 1, (k1)
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trong d6 A;; = L khij =1+ 1/2,va A;; = =1 — 1 khi j = I — 1/2. Do dich chuyén pha §;*
dugc xac dinh sau khi 1am khop nghi€ém 1;; v6i ham song Coulomb tai khoang cach r du
16n. Yéu td song riéng phﬁn cua ma tran tan xa cling dugc xac dinh tir do dich pha,

1+ _ - 0 -+
S;- = exp(2id;"). (6)
voi S;; = S khi j=1+1/2,va S;; =S, khi j =1—1/2. Bién do tan xa cling duoc xac

dinh qua d¢ dich pha va ma tran tan xa

for = foe = ol0) + 5 S(21+1) = (4 )] — 187 ] exp(2ion) PP (cos 0)
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fro=—for= o 2(5; — 5}) exp(2io1) P} (cos 6). o

trong d6 + biéu dién m, = + %, fc(0) va g;tuong tng 1a bién do tan xa Rutherford va d¢ dich

chuyén pha Coulomb, Plo(l) (cos 6) 14 da thirc Legendre. Tiét dién tan xa vi phan cho tan xa
dan hoi nucleon dugc xac dinh tir bién d6 tan xa
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I1.2. Thé quang hoc nucleon phi dinh xir

Trong nghién ctru tdn xa dan hoi neutron-hat nhan st thé quang hoc phi dinh xur hi¢n tugng
ludn, chiing toi lra chon phién ban thé dugc xdy dung boi Perey va Buck (PB) [3] va mot
phién ban dugc phat trién gan day Tian, Pang va Ma (TPM) [6]. Thé PB va TPM phi dinh xtr

c6 dang ham nhu sau
V(T,'Pr)=(,'T(|T;r|)H(|T;T|).
' )

v6i B 1a tham sé khoang cach phi dinh xa. Ham H(|r — | /B) [3] ¢6 dang ham Gaussian
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B s 33 I}
| (10)

va ham U(p) véi p = |r +1'|/2 dugc chon 1a ham Woods-Saxon twong ty nhu thé quang
hoc phi dinh x1r [3]

trong do
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v6i R; = ;A3 vaa; (i = R, |, D) 1a tham sb ban kinh va d6 nhoe duogc cho boi cac tai liéu
[3,6,7].



I1.3. Phwong phap R-matrix

Theo phuong phép R-matrix, khong gian toa do duoc chia thanh hai phan mién trong va mién
ngoai phan dugc phan cach tai a. Ban kinh a duoc chon du 16n sao cho tai d6 thé hat nhan
triét tiéu, trong bao cao nay a=15 fm duoc chon cho tit ca hat nhan bia. Song riéng phan cua
ham song tan xa trong mién ngoai c6 dang

Pt (r) = % [1,(kr) — S;0,(kr)],
< . ‘ (13)

trong d6 I; = G; — iF; va 0; = G; + iF}, v6i F; va G; lan lugt 1a ham Coulomb tam thuong

(regular) va khong tim thuong (irregular). Him song mién trong duoc khai trién theo hé ham

co c& doc 1ap tuyén
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Ham song mién trong va mién ngoai lién hé voi nhau boi didu kién bién tai a, tpeXt(a) =

w;“t(a) Dai lugng R-matrix () ung véi nang lugng E cua hat tdi cling duoc dinh nghia dua
trén diéu kién bién nay

Yij(a) = =@!,;§(EJ[Q¢!;3&(G) — Biy;(a)], (15)

Tham s6 B c6 mit trong toan tor Bloch [12], toan tir duwoc bo sung vao phuong trinh
Schrodinger do Hamiltonian ctia hé khong Hermit trong khoang (0, a),

. h? d B
Z(B) = 2/ 2 (E B ?) " (16)

T6 hop gom toan tir Hamiltonian va toan tir Bloch 1a Hermit khi B 1a sb thue. Khi d6, phuong

trinh Schrodinger trong mién trong (0, @) c6 dang 1a phuong trinh tuyén tinh khong thuin
nhit
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Toén tir Bloch cling dé dam bao diéu kién lién tyc cua dao ham ham song. Chiéu cé hai vé
cua phuong trinh (18) Ién ¢, (r) va tich phan theo r,
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trong d6 yéu t6 ma tran C;,, (E, B) duoc xéac dinh bai.
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Cin(E, B)% i,-?f(r){ h* [ d* + i+ 1)1 + Ve(r) + A Vio(r)
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Hé sb ¢, dugc xac dinh tir giai hé phuong trinh (19), thé vao (15) tai r=a va s dung diéu
kién bién (16), ching ta thu dugc R-matrix (72)
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Ha ==
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Viéc xac dinh cac yéu t6 ma tran C;,,(E, B) tré nén don gian hon khi hé co s6 ¢, (1) duoc
chon 1a hé ham Lagrange va tich phan duoc tinh bang phwong phap cau phuong Gauss-
Legendre. Theo phuong phéap nay, tich phan cia mot ham bét ky bang tong cac gia tri cta
ham d6 tai cac diém chia r; 1a nghiém cua da thirc Legendre, nhan véi trong s A; [8]. Khi d6
tich phan véi thé dinh x{r va phi dinh xt tr¢ thanh

. N
| eV @entridr = 3" M (rV (ren(r) = Vi,
’ k=1 (21)

/%(T}Us(?’? ) on(rdr'dr = v(r;, ).
(22)

Ham song mién ngoai chira yéu t6 riéng phan S; j cua ma trdn tan xa, va ham song mién trong
chtra R-matrix R;;(E, B). Thong qua dicu kién lién tuc ctia ham soéng S;; va

R;;(E, B) lién h¢ v6i nhau boi

1 - (L — B)%y(E, B)

Sy = exp(2i¢ % (E. B).
1j p(2ign) = (L= B) 15 ( ) o
voi
1= Oka) dr lr=a
Fi(ka
¢ = arg I1(ka) = — arctan [%] _

(24)
Khi do, tiét dién tan xa vi phan (8) cua tan xa dan hoi nucleon-hat nhan duoc xac dinh tir yéu
t0 riéng phan ctia ma tran tan xa (23).
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Hinh 1. Tiét dién tan xa dan hoi n+°®Pb theo phan b goc tai ning luong 14.6, 20, 26, 30.3 va
40 MeV thu duoc tir mau quang hoc st dung phuong phap R-matrix va phwong phap lip
(NLAT), sir dung thé quang hoc phi dinh x& PB [3]. S6 liéu thuc nghiém duoc cho béi nhiing
cong bd [14-17].

I1l. KET QUA VA THAO LUAN

Trude khi trinh bay cac két qua cho tan xa dan hdi nucleon-hat nhan sir dung thé quang hoc
phi dinh x&r va phuong phap R-matrix, ching t6i gidi thiéu ngan gon phwong phap lap 1a co
s& dé so sanh voi phuong phap R-matrix. Theo phwong phéap nay, thé phi dinh xir ban dau
Uinir duoc chon dé giai ra ham song tan xa ban dau [3],

h? l(f* [(l+1)

d.rZ ?'2

o h@m+w—%m—&mw%ﬂmmwmﬂ=a
<K (25)

Nghiém 1/)1(]9) (r) sau d6 dugc sir dung cho budc tiép theo (n=1) dé giai phuong trinh vi-tich
phan:

fi_z d_'z_ I(l+1)
20 | dr?
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Qua trinh duogc lap lai cho dén khi ham song tan xa dugc hoi tu. Mac du sy lya chon ban dau
ctia thé Ui (1) khong lam thay d6i nghiém ctia phuong trinh, nhung van anh hudng t6i sy
hdi tu ctia phuong phép lap. Phuong phép nay dugc thuc hién baéi Titus va cong sy [10, 13]
dé nghién ctru phan tng chuyén nucleon (transfer) st dung code NLAT. Trong khi dé, uu
diém cta phuong phap R-matrix 1a khong can qua budc trung gian hay budc lip nao, mat
khac sir dung phuong phap ciu phuong Gauss-Legenre theo cac diém chia Lagrange c6 thé
tinh tryc tiép duoc cac yéu t6 ma tran dinh xir (21) va phi dinh x&. Hinh.1 thé hién két qua
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Hinh 2. Twong ty nhu Hinh.1 nhung v&i thé quang hoc phi dinh xtt TPM
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Hinh 3. Tiét dién tan xa dan hdi p+2°Pb theo phan b goc tai ning lwong 21, 30.3 va 40 MeV
thu duoc tir mau quang hoc str dung phwong ‘phdp R-matrix va phuong phap lap (NLAT), su
dung thé quang hoc phi dinh xit TPM [6]. S6 liéu thyc nghiém dugc cho béi nhiing cong bd

[19, 20].
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Hinh 4. Tiét dién tan xa dan hoi n+2%Pb theo phan bd gdc tai ning h,rqng 20, 26, 30.3 va 40

MeV thu dugc tir mau quang hoc su dupg phuong phap R-matrix, thé quang hoc phi dir}h X

PB va TPM [3, 6], va hai phién ban thé ’phu thudc nang lugng PB-E va TPM-E [7]. SO liéu

thuc nghiém dugc cho bdi nhitng cong bo [15-18].
va 40 MeV su dung phuong phap R-matrix va phuwong phap lap (NLAT), dung chung thé
quang hoc phi dinh xtr PB [3]. Hai phuong phap déu cho cac két qua tiét dién tan xa gan nhu
triung khép nhau tmg véi tit ca cac goc tir [0:180°]. Trong trudng hop thé quang hoc phi dinh
xur la TPM, ching ta ciing thu dugc két qua tuong tu, dugc thé hién trong Hinh.2 va Hinh.3,
tuong tng 13 két qua tiét dién tan xa vi phan theo phan b goc cua neutron va proton 1én
208py,, Nhitng tham sb cta thé PB va TPM duoc chinh chuan dé thu duge sd liéu tan xa dan
ho6i nucleon-hat nhan trong nhiing khoang ning luong khac nhau, E<15 dbi voi thé PB va
10<E<30 MeV dbi v6i thé TPM, do d6 theo thé TPM cho két qua phi hop thuc nghiém hon
tai nang luong 30.4 va 40 MeV. Mit khac theo quan diém vi mé, phan 4o cua thé quang hoc,
tuong (mg v6i sy anh hudng cia cac kénh tan xa khong dan hoi 1én kénh tan xa dan héi, co
chtra s6 hang phi dinh x& va phu thudc kha manh. Do d6, thanh phan phu thudc ning luong
gan ddy da duoc dua va phan 4o cta thé quang hoc PB va TPM [7], trong d6 nhitng tham s6
phu thudc ning lugng dugc hiéu chinh dé thu duoc sé liéu tan xa dan hdi neutron 1én cac bia
Ca, Pzr, va *®Pb trong khoang niang luong tir 5 dén 40 MeV (tham sb ctia PB-E va TPM-E
duoc lién ké trong bang II cua tai liéu [7].
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Hinh 5. Tiét dién tan xa dan hdi n+?’Al theo phan bd goc tai ning lwong 18 va 26 MeV thu
dugc tir miu quang hoc sir dung phuong phap R-matrix, thé quang hoc phi dinh xtr PB va
TPM [3, 6], va hai phién ban thé phu thudc ning luong PB-E va TPM-E [7]. S6 liéu thuc
nghiém duoc cho boi cong bd [21]

Két qué tinh todn mau quang hoc st dung phuong phap R-matrix cho tan xa dan hoi neutron
1én hat nhan “®Pb tai bén nang luong sir dung thé quang hoc PB va TPM ciing nhu hai phién
ban phu thudc nang lugng PB-E va TPM-E duoc thé hién trén Hinh.4. Két qua cho thiy
phién ban phu thudc nang lugng PB-E mo ta tbt sb lidu thuc nghiém t6t hon thé PB ban dau
tai nang luong 30.3 va 40 MeV. Tuong ty nhu Hinh. 4, Hinh.5 biéu dién két qua tiét dién tan
xa dan hdi neutron 1én hat nhan %Al tai nang luong 18 va 26 MeV. Két qua cho thiy hai
phién ban thé phu thudc ning luong PB-E va TPM-E déu cho md ta s6 liéu tan xa tot hon hai
phién ban ban dau PB va TPM, mic du trong qua trinh hiéu chinh tham s6 phu thudc ning
luong khong st dung nhimg s lidu déi voi hat nhan 2’Al [7].

IIL. KET LUAN

Nhu vay trong dé tai nghién ctru nay, chiing t6i da 4p dung thanh cong phuong phap R-matrix
dé mo ta tan xa dan hdi nucleon 1én hat nhan 2°®Pb va 2’ Al st dung thé quang hoc phi dinh xir
duoc dé xuit boi Perey va Buck [3], va mot s6 phién ban thé twong tu PB dugc tham sé hoa
gan day [6, 7]. Su so sanh két qua thu duogc sir dung twong tac R-matrix v6i phuong phap lap
[10] d3 khang dinh rang phuong phap R-matrix 13 cong cu hiéu qua dé str dung trong cac tinh
toan tan xa dan hoi nucleon-hat nhan véi thé quang hoc phi dinh xu.
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R-MATRIX METHOD AND THE NONLOCAL NUCLEON OPTICAL
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Abstract: The calculable R-matrix method is applied to solve the Schrédinger equation in the
optical model (OM) analysis of the elastic nucleon-hat nhan scattering using a nonlocal
nucleon optical potential (OP). The phenomenological nonlocal nucleon OP proposed by
Perey and Buck (PB), and the two recent versions of the PB parametrization were used in the
present OM study of the elastic nucleon scattering on 208Pb and 27Al targets at different
energies. The comparison of the OM results given by the calculable R-matrix method with
those given by iterative method confirms that the calculable R-matrix method is an efficient
tool for the OM study of the elastic nucleon-hat nhan scattering using a nonlocal nucleon OP.

Keywords: Nonlocality, nucleon optical potential, R-matrix method.
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