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ABSTRACT

The formulas for calculating the reduced matrix elements in the
multipole form factors of the nucleus in € —§Li scattering at high
energies were established in the framework of the unified electroweak
theory. The multipole form factors of the nucleus 36Li in the elastic
scattering corresponding to the ground state were calculated from the
given formulas. The contribution of weak interaction at high energies
of hundreds GeV and more was also evaluated based on the newly
calculated form factors.

TOM TAT

Cdc cong thirc tinh yéu té ma trdn rit gon cé mdt trong biéu thirc thira
s6 dang da cuc cua hat nhdn trong tan Xq € - ?Li 0 nang luong cao
duoc thiét ldp trong khuén kho 1y thuyét hop nhdr dién tir-yéu. Cdc
thira 6 dang da cuc cia hat nhan 2Li trong tan xa dan héi ing voi

trang thdi co so duoc tinh todn tir cdc cong thirc dua ra. Bong gop
Cua tuong tac yeu o nang luong hang tram GeV tro lén ciing duot
danh gid trén co so cac thura so dang vera tinh duoc.

Trich din: V& Minh Truong, 2020. Tinh cac thira s6 dang da cuc va danh gia dong gop cua twong tac yéu
trong tan xa ¢-iLi & nang luong cao. Tap chi Khoa hoc Truong Dai hoc Cén Tho. 56(6A): 89-96.

1 GIOI THIEU

tran rat gon cua chung goi 1a cac thira sé dang da
cuc. Viée tinh céc thtra s6 dang da cuc la nhiém vy

Nghién ctru tan xa electron-hat nhan bang cach
khai trién bién do tan xa theo cac da cuc va tir d6 ¢
khai trién tiét dién tan xa theo da cuc 1a mot phuong
phap c6 hiéu qua trong nghién cttu cau trac hat nhan.
Trong khai trién da cuc, cac dong chuyén doi dugc
khai trién thanh cac thanh phan da cuc (Willey,
1963; Weigert and Rose, 1964; Donnelly and
Raskin, 1986; Phu and Ha, 2014), nghia la cac thanh
phan c6 moment xung lugng xac dinh. Yéu t6 ma
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trong tim trong nghién ctru cAu trac hat nhan theo
phuong phap nay, dic biét & nang luong cao phai
dua trén ly thuyét hop nhét dién tu-yéu. Mot tinh
toan nhu thé phai dya trén mot mau cu thé (hoic da
¢6, hodc dé xuat méi) vé ciu tric hat nhan. Mit khac
day ciing 1a phép thir vé Iy thuyét hop nhat dién tur-
yéu, vén duge xay dung cho hat diém la quark, xét
cho céc h¢ hadron phuc tap.
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O céc cong trinh hién cd, chua c6 mot tinh toan
chat ch& cho cac thira s6 dang truc ma phai tinh dua
trén phép gan dung xung lwc  (impulse
approximation) do Kerimov et al. (1984) néu ra dau
tién. Dong dbi luu (convection current) duoc bo qua
trong phép gan dung trén dan dén thira s6 dang truc
dugc tinh gian tiép nhd vao cac hé thie ti 16 véi thira
s6 dang dién tir, ma da duoc tinh hoan chinh boi
Willey (1963) & nang lugng thap. Mot s6 cong trinh
nghién cuu trudc d6 (Phu, 2003a; Phu, 2003b; Phu
and Ha, 2014; V6 Minh Truong, 2019) ciing lam
theo hudng nay cho hat nhan nhe.

Nghién ctru ciia tac gia nham dua ra cong thirc
tinh va tinh tryuc tiép cac thira s6 dang da cyc cho hat
nhan trong tan Xa € - §Li & nang lugng cao ¢d hang
GeV trg 1én, khong dung cach tinh gan dung nhu
trong cac bai viét néu trén. Y nghia mang lai cua
cach tinh nay, trudc het ve mat phuong phép, do la
d6 chinh xac cao hon so voi cach tinh gan dung
trude do do co tinh dén dong gop cia dong doi luu.
Muc dich thir hai 1a danh gia mic d6 tham gia cua
tuong tac yéu trong tuong tac hgp nhat vao qua trinh
tan xa. Pay la dir liéu mang tinh dy doan ciia mo
hinh cung véi cac cong thitc dang ap dung cho tan
xa dan hoi € - SLi & ning luong cao va lam co so
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dé kiém tra mirc do ding dén khi doi chiéu sb ligu
thuc nghiém sau nay, hoac khi so sanh vai két qua
tinh dugc bang cac phuong phap khac.

2 CONG THUC TiNH YEU TO MA
TRAN RUT GON

Xem mirc nang lugng ¢ trang thai co ban cua
2Li tao thanh boi hai nucleon ¢ I16p 1p, trong do
spin J cua hat nhan dugc xéc dinh theo so dd lién
ket L-S, nghia la tong cua moment xung lugng qui
dao L va spin S cua cac nucleon ¢ 16p chua lap day.
Cac nucleon chuyén dong trong truong doi xang
xuyén tam nén ham song phu thudc toa do khong
gian la doi xing va ham séng spin-spin dong vi la
phan xung véi phép hoan vi hai hat. Theo so d6 lién
ket L-S, cac trang thai kha di cua hé hai nucleon la
Bs va BD, vei qui wéc ki hiéu trang thai la
21425+ va T 1a spin ddng vi cia hat nhan.
Véi hé hai hat ddng nhét & trang thai c¢6 cau hinh
, dung cac cong thirc (14.66), (14.69) trong sach
cua Sobel’man (1972), cong thire (7.1.1) trong sach
cua Edmonds (1957) va cong thirc (9.72) trong sach
cua Devanathan (2002) dé tiﬁnh yéu to ma tran rat
gon cho toan tu tenxo, ¢ thé suy ra cac cong thic
sau
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Qui uwéc cac ki higu |i)=|nLSTM;J) va
| f)=|n"L'STM;.J) biéu thi ham séng md ta
trang thai dau va trang thai cudi cua hat nhan, du
gach d6i biéu thi yéu té6 ma tran rat gon.7Déu~ngoac
kép la cac ki hiéu 6j va 9j ma cé thé biéu dién qua
hé s6 Racah W, va 7, la thanh phan theo truc z cua
toan tir spin dong vi cua hat thir a. Ham Bessel cau
j,(qgr,) chitac dung Ién phan ham séng xuyén tam,
cac toan tir tenxo cau Y, (r,), Y*(r,), 3,(a)
cung vdi toan tr moment xung lugng qui dao 1, chi
tac dung 1én ham song qui dao va toan tir ¢, chi tac
dung 1én ham spin. Cac thura s6 dang Gg,G;,
Gy Gy » G, G, cta nucleon dugc hiéu chinh cho
phu hop ¢ ning lugng cao dua vao dé mo ta hat 6
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kich thuéc. Cac chi sb trén s, v biéu thi thanh phan
vb hudng dong vi va vecto dong vi; cac chi s6 dudi
E, M, A biéu thi thanh phan dién, tir va tryc cua thira
s6 dang. Cac cong thirc trén cho phép tinh tat ca cac
s6 hang c6 mat trong thura s6 dang da cyc. Biéu thuc
cua chung va ca thira s6 dang da cuc s& xac dinh khi
xét chuyén doi giira hai trang thai cu thé.

3 TINH CAC THUA SO DANG PA CUC
TRONG TAN XA PAN HOI € - SLi

Céac biéu thuc mat do dong chuyén doi cua
nucleon, ma xem nhu 1a hat diém chuyén dong tu
do, da dugc néu ra trong bai bao ciia Willey (1963)
va trong sach ciia Bohr and Mottelson (1997). Trén
co so Iy thuyét dién dong luc hoc twong ddi tinh, ¢6
thé chitng minh mat d¢ dong chuyén doi caa hé A
nucleon theo ly thuyét hop nhat twong tac dién tur-
yéu c6 dang
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Dong dién tir Jr 1a tong cua dong dién Jee va
dong tir Jeu, trong d6 xung lugng p trong (8) duoc
viét dang doi xirng hoa nham thoa dinh luat bao toan
dong, mat do do tir hoa p(r) duoc lay tir cong thic
(2.59) cua Willey (1963) c6 hiéu chinh cac thura s6
dang cho nucleon ¢ nang lugng cao va m, la khéi
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lugng nucleon. Dung ham song theo mau 16p don
hat cho mat &6 dong chuyén doi (7)-(12) & trén va
tur céng thire dinh nghia (7) dua ra béi Phu and Ha
(2014), c6 thé chitng minh cac biéu thirc tng quat
cua toan tir da cuc wng voi qua trinh tan xa nay la
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Céc thira s6 dang da cuc la thuc va hat nhan SLi
spin J =1 nén c6 cc thira s dang Fy F2C , E"
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VL VS VM AT AR A AY trong tan xa
dang xét. Tur (13)-(19), suy ra biéu thuc cua chang
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Yéu t6 ma tran J,,J,, F,,F cuaa thanh phan
ham song phu thugc toa do r da dugc xac dinh nho
vao cong thirc Watson dugc dan ra trong bai viét cia
Willey (1963).
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4 ANH HUONG CUA TUONG TAC YEU
TRONG TUONG TAC HQP NHAT PIEN TU-
YEU

Néu gia thiét hat nhan khong dinh huéng thi cac
s6 hang trong biéu thuc tiét dién tan xa (Phu and Ha,
2014) la

Re =4a’K{u [(Fy)* + (F°)’1+u; ()}, (40)

R., =8aA'K{g, [Uu. (F VS +FV)+u BV +g,ul EY AT}, (41)

R, =42 K{(97 + 9aHU[(V5 )* +(V,7)* + (A7) 1+u [(V,")* + (A7)
HA )+ (AT} +49,9,ur VY AT}, (42)

trong d6 « la hang sb twong tac dién tu,
A'=—-G.m2Q%/2\27(m2 - Q?), G¢ 1a hing sb
tuong tac yéu Fermi, mz 1a khdi luong boson trung
gian Z°va hé so K =47 /3 g véi tan xa dan hoi.

Sau day s& biéu dién d6 thi ciatisé R, /Rg va
(Re, +R, )/ R theo bién sb x = sin(4/2) xét véi cac
gia tri ndng luong t6i £ khac nhau cia electron, &1a

goc tan xa. Bé ¢ su twong thich khi so sanh va danh
gia cac ti so theo cach tinh méi so vai cach tinh trude

day, s6 ligu thuc nghiém cua thira s6 dang nucleon
ciing s€ lay theo cong thic (1a)-(1c) trong bai viét
cua Vo Minh Truong (2019).

Nhin chung, anh hudng cua tuong tac yéu so Véi
tuong tac dién tir phu thude dang ké vao nang luong
va goc tan xa. Hinh 1 chiing t6 khi nang luong =1
GeV, anh huong nay la rat nho, ¢& 10 khi tan xa vé
phia truc va ¢ 10°° khi tan xa vé phia sau. Béong
gop cua sé hang thuan tay tuong tac yéu Ry la rat it,
dan dén do thi cua hai ti s gan nhu trang nhau va
dat gié tri 16n nhat khi tan xa nguoc.
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Hinh 1: Anh huéng ciia twong tac yéu & niing lwgng 1 GeV

Hinh 2 va Hinh 3 ching to khi néng luong c&
hang tram GeV tro 1én thi twong tic yéu da trd nén

dang ké, khong con c6 thé bé qua so voi twong tac
dién tu. Hai duong cong cach xa, duong so 1 cua
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(Re, +R,)/R va duong s6 2 cia R, /R., cho
thiy s6 hang thuan tay tuong tac yéu Rz luc nay
dong vai tro anh huong chinh trong tuong tac yéu.
Véi & =100 GeV, sb hang giao thoa dong gép dang
ké nhét (g véi tan xa veé phia sau ¢& khoang 5%-
7%, trong khi d6 s6 hang thuan tay ‘tuong tac yeu
xap xi 10%-16% va dong gop cao nhat cua ca hai s6
hang nay vao khoang 15%-23% so véi s6 hang dién

Tdp 56, S6 6A (2020): 89-96

tu. V6i ¢ =1.000 GeV, ca hai duong cong phu thugc
dang ké vao goc khi tan xa vé phia trudc @ng véi
goc tan xa nho (6 < 270) va it bién ddi khi goc tan
Xa tang, ké ca tan xa vé phia sau. Bong gop cao nhat
cua so hang giao thoa van chi Xap xi 8%, trong khi
s6 hang thuan tay tuong tac yéu tang 1én dén 24%,
lam cho dong gop tong cong cua hai s6 hang nay 1én
ti 32% so véi s6 hang dién ti.
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Hinh 2: Anh huéng ciia twong tac yéu ¢ ning lugng 100 GeV
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Hinh 3: Anh hwéng ciia twong tac yéu & ning lweng 1.000 GeV

5 KET LUAN

Cac cong thirc dua ra cho phép tinh toan chat ché
c4c thira s6 dang da cuc cho hat nhan 36Li va giap
hiéu sau sic thém mé hinh ciu truc ha‘g nhan di co.
Vai tro va mirc do tham gia cua ting so hang twong
tac trong twong tac hop nhat cling dugc thé hién ro.
Ket qua phan tich cho thiy tuong tac yeu tré nén
dang ké khi nang lugng tir hang tram GeV tro 1én va
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c6 cung bac d6 Ion nhu da xét cho cap hat nhan

*H —He khi tinh gian tiép bing cac hé thuc ti 1&
¢ cung gia tri nang luong (V3 Minh Truong, 2019).
So sanh ti 1é dong gop cua so hang giao thoa Rez,
cap hat nhan “H —3He co mic cao nhat 1én dén
12%-14%, trong khi ddi vai hat nhan SLi chi la 7%-
8%. Sb hang twong tac yéu dong gop nhé hon phan
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anh thyc té ring hat nhan § Li bén vimg hon cip

fH - iHe do c6 nang luong lién két riéng 16n hon.
Tuy nhién, nhan dinh nay van can duoc kiém ching
thém khi c6 tinh dén sb hang thuan tay tuong tac yéu
Rz va ciing can xét ti s6 (R, +R,)/ R, cho cung
mot hat nhan theo ca hai cach tinh dé co thé dua ra
két luan cach tinh nao cho két qua sat véi thyc té
hon. Ngoai ra, cac két qua tinh toan con lam co s
cho viéc nghién cuau tiét dién tan xa va do bét ddi
ximg, hai dai lugng c6 thé ddi chiéu dwoc bang thuc
nghiém. Tir d6 danh gia mic do ding din cia mo
hinh dang xét khi tinh dén day du cac tuong tac va
cling c6 thé dan dén hiéu chinh cac tham sé cia md
hinh khi ap dung cho hé phtc hop.

LOI CAM ON

Tac gia Xin tran trong cam on PGS. TSKH.
Luong Duyén Phu, cong tac vién Truong DPai hoc
Vian Lang TP. HCM va Vién Hat nhan Pa Lat da co
nhitng huéng dan, gop y qui bau trong qué trinh
nghién ctru. Cong trinh nay la san pham cua dé tai
khoa hoc cong nghé duogc tai trg béi Truong Pai hoc
Xay dung Mién Tay.
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