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4. Higgs spectrum includes SMLHB H
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5. Exist new particles that can be dark matter candidate

- interacts with 2 gluons
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ALP331 model

Leptons in triplets
Vi
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2 quark generations in anti-triplets, one quark generation in triplet
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ALP331 model

Phys.Rev.D68, 115009, (2003) Phys.Rev.D107,095030, (2023)
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The minimal conditions of Higgs potential in ALP331

Let us expand these scalar fields around their VEVs.(vg > Vy > U, Un) .

1 ) 1 .
Py = ﬁ(vp—l-Rp—l—zIp), n = E(UW+R717+ZI$)a
1 1 (14)
0 3, .73 .
= — (W, +R+1i)),0 =—(vs+ Ry +11y).
X3 \/5 ( X X X) ] \/5 ( ¢ ¢ d))
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A A A A
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The charged scalar sector of ALP331

There are four charged scalar fields: 725015 P3 and X2 .

i) In the basis (72, P1 ), i) In the basis ( X2 > #3 ), mass matrix has the form:
1 1 1 1
2 9 ) _ 2,,2 "2
M- (A=) [ vy vy M, = — Ay [ o o (3)
(ST 2 1 1 2 2 1 i
VU, vg UxVp U%
+ . . +
We get the massless G1 states This matrix gives the massless G2 (correspond to the
+ .
( GT is Goldstone boson of the W= ) Goldstone boson associated with the Y+ bilepton
. + . . .
and massive 11 with mass equal to gauge boson) and the massive ones - zi with mass are
) (A— )\9’021)72]) (vg + 11727) 9 (A— Asvgvi) (Ug + U>2<)
My = — 9 T 202 @b Muy =~ 2 C T 022
vpv; PUX 24
)
Uy st . tan 01 =2 (25)
The mixing angle given by tana = v The mixing angle given by Ux

. P
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THE COMPLEX NEUTRAL SCALAR SECTOR OF ALP331

There are two neutral scalars: one X with masses

24,2
2 2 2 (Vn + Vx)
Mo = (Azvpvy — A)ivgvﬁ .(26)

and one massless 13 which is identified with Goldstone boson eaten by massive X°. Hence

From the masses of x? , it follows

)\7v$v§ > A.(28)
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THE NEUTRAL SCALAR CP-ODD SECTOR OF ALP331

Phys.Rev.D 68,115009, (2003) Phys.Rev.D107,095030, (2023)

Phys.Lett.B 771,199 — 205, (2017) The neutral scalar CP-odd sector

s L 1 1 1 1
iﬁ 1 1 1 (I'D’ I)(‘r IIJ’ Ir/ vg VpUy VypUp
Ué VyUy VU, VU, 1
1 1 =
02 M2, = A w
M= — A Ux UxVp Uy 29) odd = T g 30)
2 i) 1 v2 VU,
vy VYU, 1
1 V2
02 - the matrix which is used to diagonalize\the mass matrix is unitary: ~7
n
A= )‘¢U¢UXUU v, a Co, —S0,50, —SaCo;50, —CaC;S0, [’;
- the diagonal matrix is not unitary ((,Vl _ 0 Coy —Sas0; I
- 2 Goldstone boson 1/ 0 0 Ca I,
- a pseudoscalar (mass is unidentified) o S0, S05C0, SaCosCo, CaCo,C0, I,'/
- an axion (combination of 2 components) - mass of the pseudoscalar (3 1)
1 vy A 1 1 1 1 AUV 32)
a= 2 (I, + 21y miy = A (L1 L 1) Aene o (
AR B4 As 2 \vl vl v w2 sin 2¢
v3 m
. . Ao <0 Np=— 33
The 3-3-1 model with axion - o . o A G3)
- axion-like particle (combination of 4 components)
the cold dark matter candidate :
a = I,cy, — [\;Nu, so, — 1,C0,5050, — I,J/('u(‘m-*/;., (35)

The 3-3-T model with axion-like particle (ALP331)
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THE NEUTRAL SCALAR CP-EVEN SECTOR

Phys.Rev.D 68,115009, (2003)

Phys.Lett.B 771,199 — 205, (2017)
Neutral scalar CP-even sector (Rm Rm Rx’ Rqﬁ)

OF ALP331

Phys. Rev.D107, 095030, (2023)

5 Ao Uy ¢ Ap Vp0, AU
2)\211,2, 5 AsUyU, + e Aoy, + =22 Loex X130y
n
Ao VyUg 9 AgUnUg Ao VpUy
i AUV + — 2>\3vp — ?’% —— AUy AU,y (36)
= A As As
b Uply Uy U¢ Vv
Aqvyvy + Tﬂp ZE0 4 Asv,uy 2)\11))2< 302 % + AMivy v,
X
Ap VUy ApUpU. Ay VU
ZEPX 4 A i3ugvs b o A 120,04 20 ey A1V Vg 2)\101)3) 52
(]
- Either masses or the physical states hs “Cay TSaCay TSmSasCas SonSazSa, R,
of Higgs boson are undefined. h - Say TCaCay  TCarSaiCay R, (3 8)
2 2 = , e e
- predict Mg, ~ Ao 37) H, 0 Sag CasCay R,
P 0 0 Say R;
SMLHB 2 2 2
~ ¢ 5
m,2 ~ S\’ (42) mg ~ 2A10vy5  (39) qu ~ 2002 4 2502 (40)
v 2 5 (inflaton) X X 2)\1 P
Ao Ao A3 = Ng 5
2 3 2 ~i—————— . - v - :
~ 2 0 2 2 2 AV 2 y.2)2 2 9.9
mp,. ~ 5 +m AC43) w=v=— My & Aoy + Agur P + \/ (Agu2 — A302)” + Ajv2vZ + .. (41)
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In the limit v > v, > v,,, v, one has

%(Vn+h5+i/45) X3
77 = Hl_ y X = 1 GY— . 9
GXO W(VX—’_HX_{—’GZ’)
G+ 1
1 . )
p~| 5+ h+iGz) | | ¢=—=(vy+d+ia).
ﬁ P H;_ \/§ fol

Notice:
- As is a new CP - odd scalar field.
- ais an axion-like particle, a new CP - odd scalar field

- hs, Hy, ® are new CP - even scalar fields.
- XY is a bilepton DM [C. A. de S. Pires, P. S. Rodrigues da Silva, JCAP 0712:012 (2007)]
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Phenomenology of Higgs sector
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M, Uy 2 w | L = VALY, Ne3 d i
M=t el g | g Y k (32) i
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SMLHB decavs Meson oscillation . B,
t — he(u)  t— hse(u)

et 0 G s ) ol e
g = (tan o~ tan o) 5 = oy eff 1672 & i 38) Br(tqu%% (39)
t
0 50
h— 1, 4V/2G pefym?y 5 (09 H=hhs,q=c,u
- e, (M) sar (36) +347 [(V5L)52(VoL)s| 04( ) ’ qhs
9= Z Jo T — gy (3 — dsiy)m% t— c(u)y
= N
0 30 . N
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a s Inis 37) C; X5, —5 — 5% { }
nif glff!; My My, MMy, O< =9 5 vector currents
i=1,2,3

The 3rd International Joint Workshop,
NEW SCALAR FIELDS IN 3-3-1 MODEL

November 13 2023 11/15

WITH AXI(



Meson oscillation

Meson mass spliting:
NP)

Am5:(Am5)5M+Am§ , |6 =K,Bs, By (40) i,j=1,23,i#]
NP)  4V2Gpchm G 2 59_ 503 35" 503" 5-3°
Am.(s ) ﬁ‘(VDL)Sz Vbi); f536ﬂ5m6+ W s f2n;B;5 | P, ( )C( ) +P< ) 01( ) +Cz( ) ,
- W
s 4D
Lo -
s s 3 gl b
g 3.495 mﬁ . aon}
% 3490 s
3.485| 9 1 a0
200 400 500 800 1000 6 28 30 32 34 36 38 40 anl |
my,[GeV] Amg,x10"°[MeV] stu) 7 3 1
Fig.2. Corellation between mass spliting Fig.3. Corellation between mass splitings Amp, and Amp, m w0 5 £ T )
Amg and M o] IHM
- M jncreases, AMK decreases. (M), = (3484 0.006) x 10 2701 Fig.4. Allowed region of
. . . ? Amyg  Amp, Amp,
- the number of solutions consistent with the meson (Aml()b\ 3.483 x 107 2MeV .
oscillation constraints is increased when Mths ~ T€V’ —10 in the plane (g )
; strains i increas : (Amng), = (33343 0.013) x 1070 MeV,
1 1 1
Ams o —5, —s o (42) (Amp,) sy = (3.653 % 0.037  0.019) x 10710 MeV, 200GeV < my, @@
h hs A r
o ? (AMp) oy = (11683 £ 0.0013) x 10~ MeV, 100GeV <,
= The larger "5 45 are, the easier to find (Amgs) gy, = (L1577 £ 0,022 £ 0.051) x 10~° MoV,

more solutions consistent with the meson oscillation

constraints (43)
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SMLHB decays

2
= Fey _ Yt 4mf - (45) >
h — bb L= 11 = /dffvmh - h—ll
— @ (t —t ) =92 @ VCq, Cay 49
Gy = ana — tanas) = (46) 12 ay; = =2 (49
Sa Co ’l’ﬂ Ca
TP _ +0.17 19
app = 0.91775  (47) o QP (79030
'“Eos h/m - —0.72 (50)
: &P — +0.13
1.5 04 Aprr = 0.93 —0.13
0.2]
z 10 o0 0.6 0.8 1.0 12
g
T Bn (51)
05 Fig.6. Corellation between parameters @77 and @y,
70)
0.0 L
1 2 3 4 5
afrad] o (52)
5 55
Fig.5. Corellation between mixing angles & and @2 S
in b — bb decay
45
a € (0,1.6) raq 40 a € (07 - 14) rad,
ar€ (12 1.6) rag (48) 0 50 100 150a [92]00 250 300 350 oy € (1 KN 1_4) rad
2
S i Ll @ p .
hode (4.75 + 5.4) g Fig.7. Corellation between mixing angles @2 and < or (4.8 - 5.4) rad

inh—pp h—rr decays. 53)
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Rare t quark decays

t—ch,t—wh | 7 k
Sa.
/ N Ay=——, By=
Br{t — he)gy 21077, s} [ B <o) Ch P
Br(t — hut)g,, 2 10717, acL95% 55 : ¢
( )sut ( 6) (55) H Ap=—%, By =-
¢ fa
o (mi—m?)’ $7
Br(t — hq) = 27 2mm_ g=ou aGpm m m m m
r, (%) It = g7) = ﬁggﬁ””“ (fl 71 +h ”)A»Bh <f1 "t m’“)AmBhs
(59)
Br(t — ¢7),5, <22x 10°* . (60) Br(t = ¢7) gy < 4.6 x 1077 61)
s Br(t — y),, < 6.1 x 107 Br(t — wy)gy < 3.7x 1071
% h
2 |
s Ty = 142%018 Gev i
: |
& my, = 126GeV | (62) H
96GeV < my, < 200GeV A4 to 6 orders smaller
’ 1
08 10 2 12 1072 GeV < Yhets Yt < 1.2 x 10° H
alrad] !
. |
o= m=m——m——mm—mm——- ",
ZLZ;:’SN < 2.2 x 10 (63)

| Br(t — c¢y)

113.7. Colleration between mixing angle *2 and Brine, Ju)
-
'
e Y I
shu) :( ) | Br(t — ¢) yppsst < 1.9 X 1071[”
lemmmmmmmmmmmmcemcedecmceemmmmmm—————aa L T sy LI
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CONCLUSIONS

@ We define exactly the physical states of scalar fields in CP-odd sector. The results show
that just axion like particle exists in the ALP331, not QCD axion.

@ There is a pseudoscalar field As gets mass with lower limit should be 250 GeV.

© We diagonalize approximately the 4 x 4 mass mixing matrix in CP-even sector. We define
the SMLHB - which can’t be solved in ALP331 model through 2 decades.

@ There is a very heavy Higgs boson with mass ~ 10! GeV which can use to explain the
inflaton in the Early universe.

© We predict the existence of a new light Higgs hs with mass near the mass of SMLHB
(96GeV or 150GeV). The mass spliting between hs and As should be in EW scale.

THANK YOU FOR YOUR ATTENTION!
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