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su thanh céng d6, SM vén con ton tai mot s6 van dé
chua thé giai thich dugc nhu: sy dao dong cua cac

Sau khi tim ra hat Higgs boson (dugc M6 hinh neutrino va vi sao ching ¢ khéi lwong khac khong,
chuan dy doan) bang thuc nghiém tai LHC vao nim su vi pham s lepton the hé trong cdc qua trinh r3, ..
2012 (ATLAS collaboration, 2012; Chatrchyan et Vi vay, viéc mé rong SM ‘t‘)éng cz'lf: mo hinh m@i
al., 2012), mot lan nita tinh chinh x4c ciia M6 hinh (beyond the SM-BSM) la diéu tat yeu dé giai quyét

1. GIOI THIEU

chuin (Standard model-SM) d3 duoc x4c nhan, né cac van dé ton tai trén. Mot trong s0 do la cac md
dan tr¢ thanh nén tang viing chac cho viéc nghién hinh 3-3-1, chung dy doan nhi€u hat méi bao gobm
ctru cac hat co ban trong vii tru. Tuy nhién, bén canh cac hat chuan méi va cac hat Higgs boson, cac hat

10



Tap chi Khoa hoc Pai hoc Can Tho

nay cho dong gép dang ké dén ti 18 rd nhanh
(Branching ratio-Br) cua qua trinh 13 7 — Zy . Cac
dir liéu thuc nghiém gan day chi ra rang Br cta qua
trinh rd Higgs boson tya SM & — yy rat phu hop
v6i dy doan trude do cua SM, do d6 sy dong gop tur
vat Iy mai cho qua trinh rd nay phai rat nho.

Su rang bugc chat ché tir thuc nghiém vé Br cua
quatrinh 1d 2 — yy, h — Zy bi anh hudng boi cac
fermion m&i, cic boson chuin mdi va cac Higgs
boson mang di¢n da dugc nghién cliru trong mét s
BSM nhu: m6 hinh 3-3-1 (Yue et al., 2013; Hung et
al., 2019), cac phién ban SM chi mé rong Higgs
(Fontes et al., 2014; Yildirim & Int, 2022; Benbrjk
et al., 2023; Hue et al., 2023), mé rdng nhom chuan
U(1) tor SM (Wang et al., 2022; Tran et al., 2024),
c4c md hinh siéu dbi xtmg (Cao et al., 2013; Liu et
al:, 2020; Archer-Smith et al., 2021), mé rdng bat
doi ximg cua SM (Barducci et al., 2023), cac mod
hinh d6i xtng trai phai toi thieu (Hong et al., 2024).
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Ngoai ra, cac két qua thuc nghiém gan day vé Br
da duogc cap nhat cho dong gop bac mdt vong cua
Higgs boson vé qua trinh rd 4 — yy (Aaboud et al.,
2018a, 2018b; Sirunyan et al., 2018) va 7 — Zy
(Aaboud et al., 2017). Hon nita, trong tuwong lai, d§
nhay thuc nghiém ciia qua trinh rd 4 — Zy c6 thé
dat dén Aptz, = pz, —1=20.23, trong khi d6 kénh
i h—>yy cing c¢6 thé dat
Ap,, =p,, —1=20.04 tr thuc nghiém tai
CMS/ATLAS (Cepeda et al., 2020). Thém vao do,
thuc nghiém ATLAS c6 gia tri ky vong cho kénh ra
h— Zy s&1a 4.9c voi 3000fb! tai HL-LHC. Bén
canh do, theo Circular Electron Posityon Co}lider
(CEPC) (An et al., 2019) cling c6 the¢ dat dén do
nhay #, =1£0.22 (Antonov & Drutskoy, 2023).

khoang

Bing 1. Pho hat trong mé hinh 3-3-1 dio (Fonseca & Hirsch, 2016)

Biéu di€n trong
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Mo hinh 3-3-1 dao da duoc gidi thiu tir nhitng
nam trudc day (Fonseca & Hirsch, 2016), st dung
gan dung méi dé triét tidu phan ky trong khu vire
lepton, day 1a diém khac biét hoan toan so véi cac
cong trinh trudc day. Cu thé, mé hinh nay bao gdbm
mot lepton luc tuyén, hai phan lepton phéan cuc trai
va ba thé hé tam tuyén quark phan cyc tréi. Trong
nghién ctru ndy, bai bao s& thao luan vé
Br(h— Zy,yy) trong md hinh 3-3-1 dao (sau day
s& goi tat 1a 331Le). Chi tiét tinh toan cac hé sd dinh
tuong tng cho déng gop vao kénh rd h— Zy
nhung khong dong gop cho kénh rd 7 — yy ciing
s& dugc trinh bay trong nghién ctru nay. Cac hé sb
dinh turong tac niy c6 thé anh huong dang ké dén
quatrinhtd 2 — Zy trong khin6 van théa man thyc

nghiém bi rang budc vao kénhrd h — yy .
2. PHUONG PHAP NGHIEN CUU

Ly thuyét truong luong tir va phan mém hd trg
tinh toan Mathematica trong phan khao sat so.

3. TONG QUAN VE MO HINH

6] phﬁq nay, phd hat trong mo hinh 331Le s&
dugc tom tat lai va dua ra cac cong thirc giai tich cho
hai kénh rd 4 — Zy,yy . Cac thanh phan khong c6
gia tri trung binh chan khong (vev) dugc ligt ké nhu
sau:

0'lo =n +%(Rle +i10,.)’ <0'?>:nl-,i:1,2,S

HY =k, +

o o

L (R, +ity), (Hg> —k,,a=12,3,8

2

wily), (M) =5, (1)

Lagarangian tuong tic Yukawa trong biéu dién
khoi lugng cua cac fermion duge cho nhu sau:

=0+
£ @)
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Thé Higgs ctia mé hinh dugc dinh nghia:
NI=V (Bt )1V S)4VS)
V(dtrots) = iZl[ufqﬁfqﬁ,- +2 (414, }(ufzﬂqﬁz +he)
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+ X
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v(s.9)=Tr(s"s) 51854 4+ 7r(S's)( 45 g, + he.)
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Dong nang hiép bién co dang:

_ . . 9
D#=a#—lg3WZTa—ngT ‘XX/“ 6)

véi T%(a=1,2,...,8) 1a cdc vi tir cua nhém
SU(3), . Thanh phan hi¢p bién trong biéu dién tam
tuyén cho bai:
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1

3 8 "+ /4
W+ ﬁWﬂ Jaw, 2y,
_ 1 - 3 1 g 0
W, =T = 3 Naw, o wg s ﬁW# Vb
— ’0* 2 8
2, oI _ﬁW#
7
trong do:
+ 1 1 — .y372 '+ 1 4 __ .1q/5
W, :E(Wﬂ T, Y, :E(Wﬂ FiW;),

y.o =L(W§ —iw]).

V2 (8)

Sb hang khéi luﬂ(_)*ng va ma tran tron khéi lwong
cua cac boson chuan dugc xac dinh thong qua so
hang dong nang nhu sau:

thn=2(08) (P*9)+(2,5) (275)

Do do, trang thai vat ly va khéi lwong cua céc
boson chuan khong c6 tinh Hermitan (non-
Hermitian) 1a:

2
wE=w=, ml =‘%v2,

2 2 2 2 2
v =\ kT k) +ky kS ).

(, 2 ) (10)
YE=Y", mp =2,

u? E(k§+k§+n12+n§+n§).

trong d6 W* dugc dong nhat v6i boson chuén
ctia SM, diéu d6 dan dén v =174 GeV . Trong gidi
han k,k,,kg, € < ky, cic boson chudn trung hoa
(X ﬂ,Wj,Wj) quan hé véi cac trang thai vat ly
A,,2,,,Z,,, thong qua phép bién ddi sau:

X
| [ Ayessiow + 21, (=e31¢o8w =33150) + Zou (C331505w —Co8331)
3
Wﬂ = AﬂsW +c€chly —CWS€Z2/1
Wﬁ Ayps331+ 2y, (c33150 = Cos3315w )+ Zau (C331¢0 + 5331565 )
(11)
trong do

\J3—4sj, 07

4y, (3n§ +u2>+ 2(2s§, —l)v2

5 =sinf =

(12)
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2.2

.. 2 _ 2 _ 2 _
va my =0, mz =mz =

2 2
2cy

22(. 2 2
4c(u+3n)
) 2_9W S
mzz—mzr——

3—4s;, (13)

Higgs boson twa SM duogc xac dinh duaﬂtrén
Lagrangian dugc suy ra tir cong thirc (9), cu thé:

2 3
Ly = %(W+ W ) Llekl.Ri +2kgRg +4egR)

3
+ Y R? +R; +2R;}
i=1
2

3
+ 27 {zzk,.R,. +2kgRg +86gR,
4eyy i=1

3
+ YR} + RS + 4R4

= (14)
Trong  giéi  han Ky, 5,6 <k va
ky=v= x/Emw /g, do d6 Ry c6 thé dugc dong
nhét v6i Higgs boson tyra SM boi vi chiing c6 cing
dinh tuong tac v6i boson chudn W* va Z ctia SM.
Trong nghién ctru nay, cac ket qua sau day s€ duoc
st dung:

— 7,0 _ _ 70 _ 70
Ry=h =h,R =h),R, =hs,

0 0 0
Ro, =hiRo =W R =H. (o

véi cac khoi lugng twong ung nhu sau:
my, = myy = kA +m Al +n5 285 + i
miy, = mj, = 4524 ~ O@W*),
R T LR A e g I

2 _ 0 4249
Mg, =10 =4ny A,

2 4§
2 2 2(,5 45\ M
My :mhg:4ns(ll +/12)—2n—522,
2(, 3¢S S
nz(nslf + 2¢2)

ng

my =— —2n5A%. (16)

Trong biéu dién (Ry,Rg):
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¢S
2 2 2 2 4
mg, :O’mlé’ :—(n2 +2ns) ?4——}
R ¢, —s,\[G
[ zj:( b AJ{ (I;Jacszn—z’ (17)
Ry S G )\ Iy m +2n3

Higgs boson mang dién kép A** ¢ khdi lugng:

15

ng

my.. =kiif® +n [ ig’sJ—znng (18)

Cac Higgs boson mang dién don trong md hinh
¢6 khoi lugng:

G;‘{,EH;I,mGW 0
2 2 7 S
mey = (4 + 2 )+ ma 2y +n5 A8 +

N S
2n2 (nsﬂg + ¢ )

ng

(19)
, 1

mi, =—

)

kA" - ~dnghy

Mbi quan hé gilra trang thai riéng ban dau va
trang thai riéng khéi lugng ciia Higgs boson mang
dién dugc bién dién thong qua phép bién doi:

Gy | (hf (cseye, = sgs. )+ hy (—cseys. —c.s) - cgs,Gy
hli = .Gy +e,5.hf 5,505 (20)
hf hfr (ch_, +0,0,8¢ ) + hﬁ’ (cscZ — S¢S, ) - sSsXG;r

4. PONG GOP BAC MOT VONG VAO
QUA TRINHRA h— Zy,yy

4.1. Bé rong ra va til¢ ra nhanh

Trong chuén Unitary, gian d6 cho dong gop bac
mot vong vao kénhrd & — Zy dugc biéu dién trong
Hinh 1.
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Hinh 1: Gién d6 Feynman cho déng gop bac
mét vong vao kénh rd 4 — Zy trong chuan
unitary

+ + +, _ 7t 7 + + t+
& day, Veo=WEY TS =0,y HE AT AT

Biéu thirc tinh bé rong rd riéng phan va ti 18 ra

nhanh dugc cho trong (Degrande et al., 2017;
Gunion et al., 2000):
- EERN s
F(h—)Z;/)— x| 1- g |F1]
331L’:lh @h
r (h—>Zy)
331Le _
Br (h—>Zy)= e

Vi FiﬁlLe 1a bé rong ra toan phan cua Higgs
boson tya SM /4 (Gunion et al., 2000; Degrande et
al., 2017) va tham s6 v6 huéng F,, dugc xac dinh
tur dong gop bac mot vong (Hue et al., 2018):

331Le 331Le 331Le

331Le _ p331Le
Ey 7 =Fy 7+ s+ sy,

331Le 331Le
Fyy ZFlf )
331Le _ 331Le
Fhs® = Z Fyis,,»

Sl S2
331Le _ 331Le
FZI,V = Z F21V >
V,=W*r*

331Le 331Le
Z (FZIVSS +FZISVV)
{Si7:}

(22)

331Le _
Fisy =

Trong do, F;ﬁ’_%e duogc suy ra tir dong gop cua

F331Le

b5y chua ting dugc dé

cac fermion trong SM va



Tap chi Khoa hoc Pai hoc Can Tho

cap trong cac nghién ctu trude ddy. Cac dong gop
tir Higgs boson mang dién dugc cho nhu sau:

331L, 331 331 331 331
FZl,S lehlﬁl +F21 s le JH +F21A
331 331
s T s,

e l;ssgzss +c.c.
= Z(—z)[4(clz +Cyp + G, )J
3 167
€ (l;h;hg Izmw; * c'c')
167°
><4[(C12 +Cy +C2)(m§,0,mh,m2 m>, m?, )

2 2,2 2 2
x(mZ,O,mh,mS,mS,mS)+

B h+, }

o

2 2 2
+(Cp+Cyy +C2)(mz,0 mh,mhﬂmh“mh

S =ht Ly HE AT A
Vo1 .

Céc dong gop tir cac boson chuan la:

3311, 331 331
F21,V F21Wf +F21Y’
2eg? My Cy Cy
167°
2

) 8+(2m\2,v +m}%)(2m\2,v —my

) (Cr+Cp+Gy)
My
+2(4m\2V—M§)C0 (mé Om,fm\zN m2 mz)
m\z)v (e ’ s W 5 1AW
N (—92 )engZYY
167°

2my+mh (ZmY mé)

(Co+Cp+Gy)
ny
2 4my mZ Co
. (m%,O,m,f;m)%,m}z,,mﬁ).
' (24)

Vay, dong gop tir cac boson chuan va cac Higgs
boson mang dién (SV) la:
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2

331L, _ 331 331
Foisv _Z(le i ht +F21,thY)
i=1
2
@ Gyyn 9z,
=y —= (25)
4r

i=

y [1+%J(qz+czz+cz)+zc0]
Y

Bé rong rd riéng phan va hé sé cuong do rd
nhanh ctia qua trinh rd 2 — yy 6 thé duoc tinh toan
nhu trong (Degrande et al., 2017; Hue et al., 2018)

1—331Le(h_)W)_ 3 ‘F331Le2
331L64” (26)
pie L7 (h—>py)
W ™™ (1 > 7)

) A A r 1L , . 3
voi tham so6 v6 hudéng F}f ¢ duoc x4c dinh tir

dong gop bac mot vong trong tai liéu (Hung et al.,
2019):

F331Le F331Le +F331Le +F331Le.

4.2. Cac hé s twong tac lién quan dén bic
mot vong cia qua trinhrd h > Zy,yy
Tu thé Higgs, co thé suy ra toan by hé¢ s6 tu
tuong tac ciia Higgs boson tya SM lién quan dén bac
mot vong clia qua trinh rd 7 — Zy, yy nhu sau:

L,=-V,= z —(ﬂ,hslszhsf’sz_ +ﬂ;;lsz hsl_s;)+

81,5,

. (27)

*
ﬂ“hslsz = ﬂhs,sz 1a

voi
1 ~ 2
/7'hh1h1 = _5(_2\5"3/@3 (cScxcz - Sssz)
- \/Ek?rj’fs (CSSZ + CszSS )2
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_\/_C n2srﬂ’23 (cScxcz SgS; )
+2¢ ”2%’7’23 (555 —cseee.)
—202;1Ssxﬂ,3 (chZ+cxcsz)—4\/§c§k3sfﬂf ),

}i’/1l11h2 = _l(zﬁk3j2¢3 (cScxsz +czSS )(cScxcz + SSSZ)
21(73/73 (css +c Zss)(cscz —chSsZ)
+ \/EC nZSxﬂ’B (CS + czSS)
2”2S)cszﬂ"23 (SSS cScxcz)

+nssxszﬂ3 (cgs. +c,c.s5)
_cansx/lf (CSCZ _stSSz)+4\/Eczk3s§Szﬂ’3¢)’

ﬂ’hhzhz = _(_2\/7](31?3 (CSCsz +C. 8¢ )2
_\/_k3ﬂ3¢ (CSC —CySg8; )2

-22n,s.s 123 (cgeys. +c.s5)
+nSsxszi5¢S (CSCZ _cszsz)

54S 2.2
_nSstszgﬁ (CxSSSz —CgC; ) - 4\/Ek3sxsz 2’3¢ ) >
— ¢ 79
thfo - \/§~k3 (113 + 113 )’
_kat?
7
Boivi h=Ry € Hg € ¢, nén chi hé s dong niang
hiép bién cua ¢, dong gop vao tuong tac cua Higgs

boson va cic boson chuén. Tir Lagrangian dong
nang hiép bien:
f - v
L%in :(Dy¢3) (D#%)Nghvvgyvhv Q@ )
~igh0 % (5790, h—ho 57,

(590, h=ho,57),ign, 2" (590,59 ~s90,577)
Zﬂ Qv ngv’lgzmzﬂv @
leQA”( QG#S —SQ(?#S ),

(28)

/IhA’A* -

19 pspV

guva

29)

Bang 2: Quy tic Feynman cho Higgs boson tya
SM va cac boson chuin

Dinh Hé sb
ty— .1
hh'Y, zEgczsx(poﬂ—pw)
WY i _
H 2gczsx(p—ﬂ pOy)
+y- i
hh2 Y/‘ Egsxsz (p+y _pOy)
ot ;
hhy Y, Egsxsz(poﬂ—p,ﬂ)
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Twong ty cho Higgs boson twa SM, quy tic
Feynman cho hé so twong tac cua Z boson véi Higgs
mang dién va cac boson chuan dugc cho nhu sau:
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+2 3ty
+c c; (29S+tw—1)+2c s, (tw—l))

znsm =
xCz55S; +C§
(25244 1)+ 252 (5 —1)))

— gCoCwC,S, (cz (t,%, —1)+(2s§ —l)t;, +1)

1
231\2N

R
[Cw

gZH*H’

I =~
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2
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Trong phan khao sat s6, dé don gian bai bao sir
dung trudng hop 0, =0. Cac diém duoc lua chon
thoa man do 1éch 1o so voi két qua thuc nghiém cta
qué trinh 1@ h —> Zy v6i u,, =2.2+0.7 (Hong et

al., 2024) va d6 léch 2o cho kénh rd & — yy véi
1, =1.04"04o (Aaboud et al., 2018a; Sirunyan et

al., 2018).

~Cu thé, cdc diéu kién rang budc bén duéi tir cac
diém dugc phép trong phan khao sat so:

B 331 h VA
Sy, = w—l x100% — 0% < diaz, <190%(10),
BrY (h—>Zy)

=[Br331 (h—>w)

—1|x100% —> —14% < 5., < 24%(25).
BrY (h— 77) o B +(20)

oy

(€29
Pham vi khao sét ctia cac tham sb tu do duoc cho
boi:

05,0, €[0,2z];m . ,m . ,m

+ 9 + 9 +9
hl h2 Hl

m, €[0.5,5]|TeV;m, €[1,5]TeV;
2,208,284 e[-2,2].
Céc két qua s6 duoc thao luin bén dudi s& luén

thoa man céc di€u kién rang budc da duoc de cap
nhu trén.

(32)

Pau tién, trong bai bao, khao sat su phu thudc
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nhu Hinh 2. D& dang théy, 5;1%371 bi chin rat chat

ché bsi o)

trong md hinh dang xét. Cu thé, gia
tri cuc dai cua 5/121 van nhé hon dir liéu thuc
nghiém gan day xét trong d léch 1o nhu trong
(Hong et al., 2024).

Tiép theo, mdi lién hé gita Ju,' va céc hé s
tuong tac cuia Higgs boson duoc thé hién trong Hinh
3. Mbi tuong quan giira é',u%?,l voi A8AY va Al
duoc biéu dién nhu hinh bén trai, con 5, véi AL,
va A, dugc biéu didn nhu hinh bén phai. C6 thé thiy

rang, cac vung dugc phép cho cac gia tri cua
331

0,
SuZ! <130%.
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Hinh 4: Méi twong quan giira 5/1%37]
Cubi cing, trong nghién ctru nay da khao sat mdi
tuong quan gitra 5/1%37] v6i khéi lugng Higgs boson
mang dién ,Vél g0c t’r(f)n ‘9 nhu Hinh 4. Céac két qua
khao sat so cho thay rang véi 1< 8 <6 cho phép

331

Oz, >37%. Tuong tu, chi c6 m, anh hudng

331

manh dén Oz, va cac khdi lugng con lai khong

anh hudng qué nhiéu dén gia tri cua 5;121 .Diéu nay
hoan toan phi hop véi két qua thu dugc trong tai
liéu (Hong et al., 2024).

6. KET LUAN

Trong mo hinh 331Le trong cong trinh nay, cac
dong gop bac mdt vong cua Higgs boson twa SM vao
chc qué trinh rd & — Zy,yy trong chudn unitary da
dugc nghién ctru. Nhiéu gian d6 dong gop vao bién
d6 bac mot vong ctiia kénh rd & — Zy nhung khong
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