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thi¢u g?ln fiéy da giai thich tot céc‘dfr liéu thuc nghiém vé khéi lugng neutrino va
vat chat toi. Chung t6i s€ chi ra rang m6 hinh nay htra hen du doan cac tin hi¢u
méi cua Higgs boson, ri 1 —> Z ¥ ma di bi chdn trong cdc mé hinh trudc.
Ddng gbp bac mot vong s& duge tinh trong chuan unitary. Dua trén s6 liéu quan
sat thuc nghiém, ching t6i tim ty 1¢ ra nhanh cia qua trinh ra h—>Z7Z Y . Gia tri
bé rong ra nhanh t!lu dugce ¢6 thé nam trong khoang gid tri mong doi, cac ving
khéng gian tham so phu hgp thoa man dit liéu thuc nghi€m ciling s€ dugce chi ra.

1. Gioi thi¢u

Hat vo huéng Higgs duge coi 1a manh ghép cudi
cung va doéng vai trd rét quan trong trong md hinh
chudn (Standard Model-SM). N6 duoc dua ra nhim
sinh khdi lwong cho céc hat co ban thong qua co ché
Higgs. Nam 2012 thuc nghiém da khang dinh sy ton tai
ctia hat Higgs nay vé6i khdi luong ¢ 125 GeV [1]. Pay
lai 1a mot thanh cong nita ctia 1y thuyét SM. Tuy nhién,
md hinh niy khong thé giai thich dugc mot s6 két qua
thue nghiém dugc cong bé gan day [1, 4]. Vi vaiy SM
can dugc mo rong thanh cac mé hinh méi (Beyond the
SM-BSM) dé c6 thé giai thich dugc cac van dé thuc
nghiém néi trén. Trong sb d6, mét 16p cac md hinh don
gian duoc xdy dung nhiam giai thich hop ly hai van dé
16n: su sinh khéi lugng Majorana - dao dong cua
neutrino théng qua co ché bd dinh bac mot vong va vat
chat t6i méi duoc gidi thidu gan day d6 1a mo hinh inter
Zee [3, 8, 9]. M6 hinh dugc x4y dung dua trén mo hinh
Zee, trong d6 thém vao 2 fermion la don tuyén cia
nhom SU(2), va ludng tuyén cua nhom SU(2); va 2 vo
hudng. M6 hinh nay di dugc khao sat trong mét sb
cong bd gan day [3, 8, 9], tuy nhién phan ra ciia Higgs
van chua dugc khao sat. Dic biét kénh ra 1 —> Zy

dang dugc thuc nghiém tich cuc tim kiém gan day va
da duoc SM du doan cung bac gia tri vdi kénh ra
h— Yy . Do @6, c6 sy dong gop cua cac hat mdi
trong md hinh va ty 1€ ra nhanh ctia qua trinh ra noi trén
s& bi thay ddi so véi SM. Trong nghién ciru nay ching
t6i s& tim hiéu cu thé dong gbp cua cac hat méi d6 la
higgs va cac hat lepton mdi dugc thém vao mé hinh vao
cuong d6 ra nhanh pz,.

2. M6 hinh inter Zee

Mo hinh inter Zee (IZM) 1a m6 hinh mo rong moé
hinh Zee [4, 5] bang cach thém vio cac fermion, la
SUQ2), —¢

SU(2), =¥ =(N,E)", va 2 v6 huéng 1a don tuyén

don tuyén, va ludng tuyén cua

cua SU(2), —S va ludng tuyén cua SU(2), -H, [3
9]. Todn tir dién tich ctia mo hinh @ =7, +§ . Chi tiét

cac hat mdi dugce cho trong bang 1 [9].

Spin | SU(3)..,SU(2),,U(1),,Z,
& S (1,19 '29 ')
N7} Y 1,2,-1,-)
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H2 0 (1’25 1, _)

S_ 0 (1,1, '29 ')

Bang 1: Cac hat maoi trong mé hinh va cac ddac tinh
bién  doi theo
SU3).®SU(2), ®U(1), ®Z,

cua chung nhom doi  xung

Lagrangian bét bién ctia mé hinh duoc viét theo [3]
Ly = Ly + Lp + L+ L+ L, )
trong d6 EF,ES,ﬁl,[z bao gém

c 51, y"D,Y, +iE " D &, +iN y* D, Rrﬁ +iEp D E,,

L, =(D,H,) (D,H,)~ £ (H]H,) -7 (H]H,) +(D,$)|(D,S)

—HE(ST8)— A (STSY
£ = A(HIH XHIH,)+ A,(HH,YHH,)+ ’: [(HH))+He]
+A(S"SYHH )+ A, (S'SYHIH, )+ ue,,[HHS +He ],
L =nLHet pFHe,+yPH e+ [[L¥S +He,

2
v6i &, =1. Hai ludng tuyén higgs H,, H,:
H; G,
~ 2 ~ w 3)
HZ - 1 . aHl - 1 s
—H,+i1A,) —(h+v)

N3 N7

v6i h 1a Higgs boson dugc dong nhét véi higgs
trong SM va v=246Gel . Cic gauge bosons ctia
md hinh giéng nhu trong mé hinh Zee [4, 5] va SM.

3
i’ =( N Swj % )
Bﬂ —Syw  Cw Aﬂ

3. Qui trinh ra /1 —> Z¥ trong md hinh IZM

Trong phan ndy, ching t6i quan tim dén dinh twong
tac lién quan dén céc higgs mang dién va lepton mdi
duoc thém vao. Cac dinh khac duogc léy truc tiép nhu
trong SM. Lagrangian Yukawa biéu dién tuong tic méi

cua fermion va higgs cé dang [9],
_‘C > {I}EIH’.’S+ p:l?H’leﬁti }F@ng

+ [ L¥S +H.e}+m, P¥ + m 2. | 5)

& day, L, va e, 1a ludng tuyén lepton va don

tuyén nhom SU(2),¥Y =(N,E)', y.n,,p, va f,

la hang s0 twong tac Yukawa mai va i 1a chi so thé hé.
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C~ A T

IV 2\2 L, =(T.) 242 [ J
DA EA N
22 22

trong d6 trang thai riéng khéi luong E, va E, xdc

dinh boi

[EZ,R J _ (Ca =S, j(Eli j
E-Lt,R Sa Ca E;L L.R

A (M
J2(mg—m,)

mEl,z = %(m‘{’ + msi \/(m‘i' - ma )2 + 2y2v2 )

sin2a =s,, =

Sau khi pha v& d6i xtng dién yéu cac higgs CP chin
H°, cac higgs CP 1& A’ va 2 trang théi vat Iy cta

higgs mang di¢n ]’lil’2 31,

1
m20 0o = 2+_ +A4,+A Vz,
H°.4 /’12 2(/13 4 5) (8)

_ 1 = )
m> =—{m>.+m> m? 232 22912
Iy 2 { i st +[( HE = [nsi) 2/1 VvV ] },

1 1

. 2 2 2 A 2 2 2

trong do my. = b +E,7,3v va mg. = pg +Eﬂ.6v )

Goc tron cua cac truong vo huéng @ dugce xac dinh
A 2 2 s

boi sin2¢=s,, = (\/E,uv) / (mh2+ —m,. ). Lién h¢

giita cac trang thai dau véi cac trang thai vat Iy

+ s c S+
" {“’ “’) ©)

+ — +
h ¢, —s, )\ H;

Pé tinh dinh h]_f ta thay M, H, vao trong (5),

chi ¢6 s6 hang sau cho déng gép vao dinh dang xét

0
vWH s> yW¥| 1 oyl —g+He,
i i —(h+v 25
=(+) N
my, - my —
- Tlca s, hE E, ——c¢_ s, hEE,
m, —m =
B E
+——— 1 (ci-sl)s, hE K.
¥ (10)

Két qua dinh tuong tac giita higgs trung hoa va
E1,2 cho trong bang 2. Tuong tac gilta Z boson va cac
lepton xuat phét tir phwong trinh (2). Khai trién cac s6

hang tir 1 dén 4 trong Lagrangian ﬁF
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taco

. 2 2
= g Cy —Sw = 4
¥,7D,¥, > gE (W2 +,B )y"E, :guEy* REZ,

Cw

2
p— s p— "
ED,y"E, > E,(0,+% fWEy‘&EZH,

Cw

B )y'E, >~

E.D,y" 6y D (0, +ig B,)y" e, o —& & Pz,
(11)

Cyw
Dinh tuong tic dugce viét & bang 2. Do H, khéng

chira higgs mang dién nén khi tinh dinh tuwong tac gitra
Z boson va higgs mang dién ta chi can xét Lagrangian

sau

L£=(D,H,)'D H,)+D,s)'D,s), (12)

bang cach thay cic dao ham hiép bién va H , Vao
(11), két qua cho trong bang 2. Tuong tu nhu vy dinh
tuong tac gitta SM-like higgs véi cac higgs mang dién
xuét phat tir thé higgs C1 trong (2) va khai trién bang

cach thay céc gia tri cia H, H, tir (3). Cac két qua

cho trong bang 2.
Binh H§ 50 dinh Diih Hé %6 dinh
s S
LU igmyg,, At | - -._: ”[:’-‘u 25t~ Payr )
w
RAl “o(aed v Ast)—Vaue,s, | | wBE | -Taa,
v
kA hy % = ing
' ~i[ng o h- A dlei-2) 2] | hBE, | Do,
Ryt v
bk I|_v(/l_.s';', i A )+ {"iyr‘;‘,J hE,E, ey ) -
v )
AR PPy ) Z'EE, 1‘,‘ [l"—“’ _S;;'ci‘:l —sy(l+3 ]Fﬁj
- tg{ch oy — 25355 vz g | —o[(ch-h)s2n —shfis 2)R
sy | SSeNnl ) | 2EE | R REATRES)
oy
— tgls3em — 25 55) = LA L e o ANpoaap]
Ttk «T( P -by) | ZEE 5o | (e —x ) P2 + s |

Bing 2: Bang cdc hé sé dinh twong tic déng gop
vao bién do ra h —> Z}/c’fgd‘n dung bdc 1 vong trong

chudn unitary, trong do € = g8y, .

Bé rong ri riéng phan & —> Zy du doan tir IZM

duoc viét nhu sau:

3 3
P > Zpy= D 1| ()
32r m;
voi
2
F IZM P F,;_\:: + ZF,JIA_M Z Fg:’z"&% . f
i=1

=e u1,u.d,csbt,E,

IZM  IZM o IZM
va Fyy ’lef ’FZH,/

lan Iuot 14 cac déng gop
ctia boson chuén W, fermion va cc higgs mang dién,
trong do lelzvly gidng nhu SM. Biéu thirc cho déng gbp

chung cua cac fermion cé dang nhu sau [6]

eQ.N . .
Byp== 16f7r2/ [4(KLL,RR TR kwe +C'C')(C12 +Cp +G,)
2(KL+L RR KZR‘RL +C.C.)(C| + C )+ 2(KLL RR+C'C')C0]’F5‘fw = 0’
(14)

va
K= m, (Yh/Lg;/L +Y;y71g;ﬂ€) KLRRL =m, (Yh/LgZ/R +Y; ngL)
(15)
Trong md hinh 1ZM, Yhﬂ = Yth va nhan gia trj
thuc, dan dén KZLRR = KZR,RL = mehjL (g, +8gz)
Thay céc hé s dinh tuong tmg trong bang 2, két qua

viét lai nhu sau:

egO, N ’“5 . . .
= —cosabma’[(cﬁ. —S{V)GDS_ (74
32x°vey,

IZM
21.E,

—sy (1+sin* @) [x[16(C,, +C,, +C,) +4C, ], 16)

JZIM LgQF N mF

2 3 e
Sy cosasma[(ci—s',)sura
21E w W
Lo 3272 ve,,

—sp 1+ cos’a) [x[16(C,, +C, +C,) +4C, ], a7

egQ, N,(m —my ):

i = )— (cos™ @ —sin’ &)sin* 2a [(a,, =)
‘ 32r've,
x[16(C,, +Cyy +C,)+4C, |, (18)
Tuong ty nhu vay

ed;
Q’IZ,M =(16 )><4[c L +Coy +Cpy ] cic

thira s Aij =2( ﬂh}’i_m) dugc liét ké trong

gZh,.*h;
bang3va m ,=my /cy, =gv/(2cy).

Bang 3: Thira s6 A;
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2m, [(';c'zu. —Z.S';.v; )|[/l_‘c; + A8, ) - Hs,, 1(n2))

Az 83 [(=2 + A ) —2 pcot(29)/ v]

2 20, (53eyy — 20255 M (A€l + AgS2) + 115y, /(V2)]

Bé rong rd toan phan c6 thé xem I—‘ZZM =I: :w
Theo d6 dai lugng thuc nghiém chung t6i quan tam la

cuong d9 tin hiéu Uz, [2] trong IZM c6 dang sau

= Br’;‘: (h>2r) r’SZZ (h>2y) _ F;f;: ’
* Br (h—)Z}/) r (h—)Z]/) F;

Dé chon duogc ving tham sé théa méan thuc nghiém
hién nay [2] cho SM-like Higgs boson / dang xét,
chiing t61 phai xét dén gidi han thuc nghiém hién nay
cho rd & —> yy . Thuc nghiém cho thdy cac hé s6 dinh
twong tic AW W™ va h7 f phai ngugc dau nhau va
c6 do 1om rat gﬁn v6i két qua du doan tir SM. Chon
tham s tron cac Higgs mang dién @ va khéi luong cac
Higgs mang dién la cac tham s6 doc lap dung dé khao

sét s9, tham s6 g trong hé sb tu tuong tac hhh ; duogc

2 2
(= )ss
\2v

dinh /ih;h; chi phu thuge thém hai tham s6 Ay, ching

xac dinh theo h¢ thic: 1 = . Hé s6

toi chon A, =—/4, sao cho cdc hing sb tuong tic cho
dong gbp vao 1i A —> Zy 1a nho nhat va dam bao gi6i
han thuc nghiém. Vi céc diéu kién néu trén, cac tham
s6 doc 1ap chua biét trong phan khao sat nay la: khoi

lugng Higgs mang dién m;}z , khdi lwong lepton méi,
goc tron @ , hé s6 tu tuong tac A;. Dua theo céac két qua

khao sét trong tai liéu [3, 5], cac khoang gidi han tham

s0 duoc chon la:

100GeV < m,’; <1.5x10°GeV, 0.5< s, <1, 100GeV <m, <500GeV

va 0< A, <47 . Céc tham sé da biét tir thuc nghiém

duoc lay theo [2]. Cac hang s6 khic dugce tinh nhu sau:
e=\4rna,, ,g=2m, /v.

2 2 _ A g .
Do s,—S5,=¢), = O thira s6 chira ﬂBtrong dong

1Ak PR , 2 2 2
gophésd A, ,,vathiraso chia Am. =m_ -m, =0
11,22 /] [ Iy
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trong A4, ,, déu bang 0. Chung t6i xét trudng hop dic

biét véis, =1/ 2 trong tat ca cac khao sat sau day.

-1f2
§y=2 o Mgy =My

! /__,..-——.— —
2 L.
a5t o
&
[
e Agne§ Agw 5
a2 lJ -------- Ag==1 A=1
11 I
I T e
aikd o
10 200 00 1000 2000 5000
my [8V]
~102
Bg=27", My =iy
20 prm——
10
.
£ ’
=
s
=
<
ok A+0.5
A=t
=5
-2 -
100 200 500 1000 ] S

my [eV]

Hinh 1: D6 thi biéu dién pi,, va Ap,, theo ham
clia khéi heong higgs mang dién

D6 thi bén trén cua hinh 1 biéu dién £, theo ham

r

cta khdi lugng Higgs mang dién m;z Vi céac gia tri
khac nhau cia Ay, Am?. =0 va db thi dudi biéu dién
At tuong tmg. Tir biéu thic giai tich va gidi s6 cho
thay déng gop cua higgs mang dién cliing diu vdi cac
hat trong SM. Do d6, d6 d6 thi cho thdy cudng do tin
hiéu déu rat 16n trong khoang khdi lugng nhé cta cac
Higgs mang dién va d6 16n cta 23 nhan gia tri 1on.
Trong khi
duoc ,ufj < 6.6 véi d tin cay 95% (95%CL) [7]. Vi

d6 thyc nghiém hién nay chi ra

vdy trong thoi gian t6i, néu thuc nghiém xac dinh dugc
gia tri cu thé ,uf; >1 mé hinh IZM c6 thé giai thich
duogc gia tri nay My, =y, , thong qua dong gop cua

cac hat Higgs boson mang dién.
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Hinh 2: D6 thi biéu dién 1, va Apt,, theo ham
ciia khoi heong lepton méi mang dién

Do thj bén trén ctia hinh 2 biéu dién M, theo ham
ctia khéi lugng lepton mang dién méi m E, v4i cac gia
tri khac nhau cua 13 s mg =myg +400Gel va db

thi dudi bieu dién Az, tuong img. Péng gop cta 2
lepton mang dién méi nguoc nhau vé dau, téng cia
ching cung déu hay nguoc déu véi cac déng gop cua
SM phu thudc vao hiéu khdi lugng cua 2 hat méi nay.
Cu thé, tir d6 thi cho thiy cudng do tin hiéu thay ddi

nho khi gid tri cta khoi lugng 7, thay doi va cudng

d¢ tin hi€u cling phu thudc vao /13 . Céac dong gop cua
2 lepton mdi vao kénh ra trén 1a nhd, nén mo hinh 1IZM
du doan kénh ri nay gan nhu tring véi SM khi xét dong

gop cua céc hat E .

4. Két luan

Bing viéc tinh cic déng gbp ciia higgs mang dién
va lepton mdi, ching t6i da tinh dugc bé rong ra riéng
phan va ti 1¢ rd nhanh ctia qua trinh 13 2 —> Zy trong
mo hinh IZM. Du doan vé ti 1¢ 1 nhanh trong mo hinh
IZM 12 tin hidu @& phan biét SM va mo hinh 1ZM khi
thuc nghiém do dugc kénh rd nay. Cuong d6 tin hi¢u

nhén gia tri 16n trong ving thoa méan dong thoi cac dicu
kién sau: Khéi lugng cac Higg mang dién nho; hing sd
tw tuong tic Ay phai lon; 5, nhan gié tri phu hop
trong khoang tir [0.5, 1]. Gid tri cac tham sO ciia mo
hinh ¢ thé lam tang cuong hodc khir cic dong gop tir
SM lam cho gia tri cuong d6 tin hiéu c6 thé nho hon 1
hodc 16n hon 1 rét nhiéu. Thuc nghiém trong thoi gian
t6i tiép tuc tién gan t6i gid tri My > 1. Vi vay gia tri
A, >0 rét d& duoc xdc nhan trong tuong lai gan. Céc
déng gdp cua cac lepton mdi duge thém vao md hinh
vao kénhrd & — Zy 1a nho khong dang ké va mé hinh
du doan kénh rd nay gin nhu tring v6i du doan cia
SM.
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Decay of SM-like Higgs boson % — Zy in a inter Zee model

Trinh Thi Hong, Truong Tin Thanh, Le Tho Hue, Nguyen Thuy Nga

Article info Abstract

By adding new particle spectra of the leptons, the recently introduced inter

1;2;/%?/);21] 9 Zee model well explained the current experimental data of neutrino mass
Accepted: and dark matter. We will show that this model promises to predict the new
10/3/2019 Higgs boson signals that have been blocked in previous models. One-loop

contribution to these decay amplitudes is introduced in the unitary gauge.
Keywords: Based on the current experimental data, we find the branching ratio of the
Higgs decay; decay h—Zy . The obtained branch width value can be within the

One-loop correction, Inter Zee. expected range, the parameter space that matches the experimental data will

also be shown.
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