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TUONG TAC CUA Zx VOI HAI VO HUONG TRONG MO HINH 3-3-1-1
e Trinh Thi H6ng®, Lé Thi Tuyé&t Dung™

Tém tit

Sw thong nhdt Zy sé trén voi cac boson chudn cia doi xitng 3-3-1 va tham gia vao cdc qud trinh
dién yéu nhw ching ta da biét. Su ton tai ciia Zy gan véi cdc déng gop nhé va cé thé cho gidi thich
nhitng sai léch cia mé hinh chudn. Nhwe mot vi du quan trong, sw dong gop cua Zy doi véi cdc qud
trinh sinh va ra Higgs ¢ LHC (Large Hadron Collider) gan day c6 thé cho gidi thich cdc di thiwong vé
cac dai luong do lwong Higgs. Ban than Zy la mot kénh kham pha cho vit Iy moi o LHC. M6 hinh
3-3-1-1 cung cap mét co ché Higgs mdi va cé thé ciing gép phan cho giai thich vé tir nhién ciia
Higgs, dong thoi dw dodn cdc hat Higgs mdi trong dé c¢é cd vit chat toi. Chiing téi khdo sat twong tac

cua Zy voi cac hat vo huong cua moé hinh 3-3-1-1.

Tir khéa: Mé hinh chuan, boson Zy, mé hinh 3-3-1-1, Higgs.

1. Pit van dé

Mo hinh chuan [2], [6] v6i hai phan co s 1a
Iy thuyét dién yéu EW (Electroweak) hay GWS
(Glashow - Weinberg - Salam) va sic dong luc
luong tr QCD (Quantum Choromo Dynamics) dua
trén nhom d6i ximg chuan SU3)c X SUQR). X
U(1)y 1a nén tang cuia vat 1y hat co ban ngay nay.

Mo hinh chuén va Iy thuyét trong d6i rong
la hai try cdt cua vat ly hién dai, cho giai thich
nhiéu vin dé cua tu nhién tir vat 1y hat co ban
dén vii tru hoc. Tuy nhién van con d6 nhimng han
ché ma mé hinh chuin khong thé giai thich hét
duoc cac két qua ma thyc nghiém quan sat duoc
boi nhitng may gia toc ning luong cao. Vi du
nhu Higgs dd dugc LHC tim thay [5], [6], tuy
nhién cac di thuong rd Higgs khiang dinh né co
thé thudc vé mot vat Iy méi. Ty nhién cua Higgs
1a gi? Cai gi 1am cho khdi lugng Higgs bén dudi
cac hiéu tmg luong tu? Hay van dé CP manh:
Lagrangian QCD ty nhién chtra mot s6 hang vi
pham CP va cuong d6 vi pham 1a bat ky. Thyc
nghiém cho thiy sd hang nay nén triét tiéu hodc
vo cung nho... Voi tit ca nhitng van dé trén
chung ta nhét thiét phai mo rong mé hinh chuin
nham giai quyét chiing hodc it nhat mot phan vé
chung. Mot s hudéng md rong chinh cia mod
hinh chuén 1a: siéu d6i xung [6], 1y thuyét thém
chidu [11], va théng nhat 16n [2]. Tuy nhién,
nhitng mé& rong d6 khong thé giai thich duoc tai
sao chi c¢6 ba thé h¢ fermion quan sat thay trong
t nhién mot cach triét dé. Mot mé rong khac rat
tu nhién cho giai quyét vin dé s thé hé 1a mo
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hinh 3-3-1 [4], [9]. M6 hinh 3-3-1 cling cho giai
thich ty nhién vé sy ndng bat thuong cua quark
top, khéi luong neutrino, van d¢& CP manh, va su
luong tir hoa dién tich. Tuy nhién, dé giai quyet
véan dé vat chit tdi mot trong nhitng kho khan dbi
v6i mo hinh 3-3-1 14 phai c6 mét co ché bén cho
chung [8], [10], [12]. Van dé nay dugc giai quyét
gan day bang cach mo rong mé hinh 3-3-1 thanh
md hinh 3-3-1-1 v&i nhém d6i ximg chuén thém
U(Dn [7]. Mot hé qua quan trong ciia md hinh
3-3-1-1lano thong nhit twong tac By véi twong
tac dién yeu ciia md hinh chuin nhu bo phén
khong thé tach roi (twong tu ly thuyét dién yéu
théng nhat twong tac yéu voi dién tr). Ly thuyét
d6 du doan su ton tai cia tuong tac tha 5, sau
tuong tac manh, yeu dién tu, va héap dan cua Iy
thuyét twong ddi tong quat, gin véi tich chudn By
thong qua hat tai lyc Zn. Do su thong nhét, Zy s&
tron v6i cic boson chuin cua dbi ximg 3-3-1 va
tham gia vao cac qua trinh dién yéu da biét. Mot
cach tuong tu cac fermion thong thuong co6 tich
B, dé twong tac voi Zy. Nhu vay, su tdn tai cua
Zx gan véi cac dong gop nho va co thé cho giai
thich nhitng sai l1éch cia mé hinh chuin. Nhu
mot vi du quan trong, sy dong gop cia Zy (cung
v6i cac boson chuin méi khac) ddi véi cac qua
trinh sinh va rad Higgs & LHC gan ddy c6 thé cho
giai thich cac di thuong vé cac dai lugng do
luong Higgs. Ban than Zy 1a mot kénh kham pha
cho vét ly m61 ¢ LHC. M6 hinh 3-3-1-1 [5] cung
cap mot co ché Higgs méi va co thé ciing gop
phan cho giai thich vé ty nhién cua Higgs, dong
thoi du doan céc hat Higgs mdi trong dé co ca
vat chit t6i. Vi vay, trong bai bao nay tac gia dé
xudt vin dé tim cac twong tac cua boson chuin
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voi cac vo hudng trong md hinh 3-3-1-1. Pac
biét chii y dén tuong tic clia Zy voi cac hat vo
huéng cua md hinh trong d6 c6 Higgs ciia mo
hinh chuan.

2. N¢i dung nghién ciru

2.1. M6 hinh 3-3-1-1

Dé khoi phuc tinh dong kin dai s6, nguoi ta
dua vao hai thira s6 Abelian méi mé rong nhom
chuan nhu sau: SU3) X SUB). X U(1)x X U(1)y
goi la nhom d6i xtng 3-3-1-1 [5]. Sau khi pha v&
d6i xtmg 3-3-1-1 boi cac tam tuyén vé huéng
tuong ty nhu trong mo6 hinh 3-3-1thiQvaB - L
la nhiing tich dugc bdo toan.

Céc fermion trong mo hinh bién ddi dudi
d6i xtng chuan 3-3-1-1 nhu sau:
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Dé pha v& dbi ximg chudn va sinh khoi
lwong mot cégh chinh xac, m6 hinh 3-3-1-1 can
nhitng da tuyén vo hudng sau day [5]:
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Trong mo hinh 3-3-1-1, hat Higgs c6 su tron
lan véi cac vo hudng trung hoa khac. Ngoai ra
cac tuong tdc mdi Xudt hi¢n, ching c6 thé 1a
nguon gbc cho giai thich van dé trén. Vi vay,
viéc xac dinh cac tuong tac gitta v hudng va
boson chuén (trong d6 c6 hat méi) 1a can thiét.
Céc tuong tac khac: gitra v hudng va fermion,
hay tu tuong tac cua cac v6 hudng voi nhau ciing
1a diéu can thiét. Tuy nhién chiing duoc xac dinh
bang cac tinh toan don gian hon va s& khong
dugc trinh bay trong bai bdo nay. Véi muc dich
nay, bai bao trinh bay két qua vé xac dinh cac
tuong tac gitta mot boson chuan trung hoa va hai
v6 hudng.
2.2. Twong tac mdt truong chuin véi hai
vo hudéng
Loai tuong tac nay duoc xac dinh bai:
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Tuong ty ta tinh duoc cho P p'. Sau khi
tinh toan cac thanh phan ta dugc twong tac:
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Nhu vay dinh twong tac cua hai vd6 hudng
véi A4, 1a ie.

Tuong tac voi Z,:
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Nhu vay tir day ta suy ra cac dinh tuong tac
cua hai v6 hudng v6i Z,. Tuong tu ta cling suy

ra dugc cac dinh twong tac cua hai v6 huong Z, :
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Suy ra cac dinh tuong tac cua hai v6 huéng Z,,

dugc cho bdi Bang 1.

Bang 1. Dinh twong téc ciia Z, | v6i hai v huéng
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Va thyc hién tvong tu tinh todn nhu Z, u

cac dinh tuong tac cua hai v6 huéng 7, dugc cho boi

Bang 2.
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Nhu viy, twong tac mdt trudng chuin véi
hai v6 hudng da dugc tinh toan mdt cach chi tiét
va phu hop véi nhiéu két qua thu duge tir thuc
nghiém [3].

3. Két luan

Co ché Higgs da khang dinh sy ding din
thong qua viéc tim thdy Higgs ¢ Thuy ST vira qua
[1], [3]. Tuy nhién, cac kénh ra ctia Higgs thong
qua céac tuong tac trong SM c6 vé khong trung
khép voi thuc nghiém. Trong mo hinh mé rdng,
co ché Higgs lam viéc voi 4 da tuyén vo6 hudng
cung cip cac tuong tac mai véi cac boson chuin
3-3-1-1 trong d6 c6 Zy [5]. Piéu nay cho ta hi
vong giai thich nhimng thiéu hut cia SM dudi
thyc nghiém. Vi vy, bai bao dat van d& nghién
ciu vé tuong tac gitra mot boson chuin trung
hoa va hai vo huéng. Mot s két qua thu duoc
nhu sau: Cho mét tong quan vé mé hinh 3-3-1-1;

Xac dinh dugc tuong tac gitra cac vo hudng va
boson chuén trong mé hinh 3-3-1-1. Thong qua
cac tuong tdc mai tim duge, giip chung ta khao
sat dong gop cua chung vao cac qua trinh sinh va
rd Higgs ctia md hinh chuan & LHC. Déng gop
clia cac hat méi c6 thé giai quyét di thuong ra
Higgs. Tinh cac tuong tac gitta vO hudng va
boson chuan 1a mét trong nhimg phan phuc tap
nhat ciia md hinh va day 1a vin dé méi trude day
chua duogc nghién clru. Vi cac tuwong tac nay c6 y
nghia trong viéc kiém chung co ché Higgs méi
va d6i xtmg chuan méi, ching t6i di bo mot thoi
luong 16n dé xac dinh ching va chi ra cac déng
g6p y nghia ctia chiing. R0 rang cac két qua thu
dugc do cac twong tic moi nay an y dén nh1eu
didu thu vi va ddy 1a co s¢ dé chiing t6i tién sau
hon vao cac nghién ctlru sau nay.
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THE INTERACTION BETWEEN Zy AND SCALAR PARTICLES
IN THE 3-3-1-1 MODEL

Summary

The wunity Zy will merge with standard symmetrical 3-3-1 bosons into the slightly
electrochemical process as known. The existence of Zy with small contributions can explain the
deviation of the standard model. As a key example, Zy contribution to the birth-collapse process at
LHC Higgs recently can explain anomalies in Higgs measurement parameters. Zy itself is a great
channel for new physics to discover at LHC. The 3-3-1-1 model provides a new Higgs mechanism,
and can explain the nature of Higgs, and also forecast new Higgs, including dark matters. We
examine the interaction between Zy and scalar particles in the 3-3-1-1 model.
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