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Muon Anomalous Magnetic Moment (a,)

Picture credit: Sandbox Studio, Steve Shanabruch



Muon Anomalous Magnetic Moment (a,,)

The Dirac equation predicts at tree level, ,LT“> =gy %? Where gy, = 2 is the gyromagnetic ratio,
m
u

my, q and S are the muon mass, the electric charge and the spin respectively. However, through
quantum corrections at the loop g, # 2, letting us define the Muon Anomalous Magnetic Moment
as

35
= g“2 — 116591802(2)(42)(26) x 101,

(@ (b)

e noo M B B

Figure 1: Feynman diagram of the corrections to a, on SM interactions: (a) first order QED,  (b)
lowest-order weak, and (c) lowest-order hadronic effects. alSLM = aSED + aﬁw + aSCD
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Muon Anomalous Magnetic Moment (a,,)

Comparing the SM prediction with the measurements from Brookhaven National Lab,we get Aay, 5

Aay = (261478) x 10 (3.30) — (2009)?
Aay = (325+80) x 10 (4.050) — (2012)°
Aay = (287480) x 10 (3.60) — (2013)¢
Aay, = (377+75) x 107 (5.026) — (2015)¢
Aay = (313+77) x 107 (4.10) — (2017)°
Aay = (270+36) x 10 (3.76) — (2018)"

FERMILAB: Aa, = (251 +59) x 10! (4.20) — (2021)&

We will explore new physics contributions to a;, on the SU(3) ¢ x SU(3), x U(1) x gauge symmetry and will
use the following a,, discrepancies,

Aa;LCmrrent = (261 Z|Z78) X 10711 (330’)
Aayprojected = (261£34) x 10 (50)

]'Refs: ?Prades, Joaquim, Eduardo De Rafael, and Arkady Vainshtein., Tanabashi, Masaharu, et al.; bBenayoun, M., et al.; “Blum, Thomas, et al. ; d Benayoun,

M., et al.; €Jegerlehner, Fred.; fKeshavarzi, Alexander, Daisuke Nomura, and Thomas Teubner.; £B. Abi, et al. (Muon g-2 Collaboration)
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SU(3)c x SU(3) x U(1)x
(3-3-1) Models



3-3-1 Models

Models based on 3-3-1 gauge symmetry>:
These models are quite popular

because they can explain:
@ Minimal 3-3-1 Model?

@ 3-3-1 with right-handed neutrinos, (r.h.n)?
© 3-3-1 with neutral lepton (3-3-1 LHN)€,
Q Economical 3-3-19

@ 3-3-1 with exotic leptons®,

@ neutrino masses,

dark matter,

meson oscillations,

o flavor violation,

collider physics,
The electric charge operator for 3-3-1 Models is,

among others.

1 1
Q: (A3 +airg)+XI, a=—V3 +—
e V3 where A3 g and / are the generators of

SU(3)¢ and U(1)x, respectively.

N

2Refs: Pisano, F., and Vicente Pleitez.?; Hoang Ngoc Longb; Martinez, R., and F. Ochoa., Mizukoshi, J. K., et al. €; Model, Dong, P. V., et al. , R. Martinez
and F. Ochoa, Dong, P. V., and H. N. Long.d; Ponce, William A., Juan B. Florez, and Luis A. Sanchez., Anderson, David L., and Marc Sher., Cabarcas, J. M., J.
Duarte, and J-Alexis Rodriguez.©.

Yoxara Sanchez Villamizar Implications of the g, —2 for 3-3-1 Models SUSY 2021 5/13



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.46.410
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.54.4691
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.073015
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.83.065024
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.035004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.015028
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.015028
https://www.hindawi.com/journals/ahep/2008/739492/
https://www.worldscientific.com/doi/abs/10.1142/S0217751X02005815
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.095014
https://www.worldscientific.com/doi/abs/10.1142/S0217751X14500158
https://www.worldscientific.com/doi/abs/10.1142/S0217751X14500158
https://doi.org/10.1016/j.physletb.2020.135689
https://indico.cern.ch/event/875077/

3-3-1 Models

The scalar sector contains between 2 or 3 scalar triplets (¥, 1, p) to give the masses of the
fermions and one scalar sextet to generate neutrino masses via a type Il seesaw mechanism. The
3-3-1 gauge symmetry experiences the following spontaneous symmetry breaking:

SUB)., x U(1)x ﬂ) SUR2)., x U(l)y M) U(1)q, with VEV different scales: vy > vy, vp.

The fermionic sector of each 3-3-1 model

© Minimal 3-3-1 Model contains leptonic triplets,

where a = 1,2, 3 is the generation index and v and ¢ are the SM particles.
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3-3-1 Models

The fermionic sector of each 3-3-1 model

contains leptonic triplets,

© Minimal 3-3-1 Model
@ 3-3-1 with right-handed neutrinos, (r.h.n) ve
e
(ve)?

@ Economical 3-3-1 Model,

where a = 1,2, 3 is the generation index and v€ is the r.h.n.
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3-3-1 Models

The fermionic sector of each 3-3-1 model

© Minimal 3-3-1 Model contains leptonic triplets,

@ 3-3-1 with right-handed neutrinos, (r.h.n) v?

© 3-3-1 with neutral lepton (3-3-1 LHN), fiRe— £ Np (%
@ Economical 3-3-1 Model, e

where a = 1,2, 3 is the generation index and N is the heavy neutral lepton.
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3-3-1 Models

The fermionic sector of each 3-3-1 model
contains leptonic triplets,

= /
Q@ Minimal 3-3-1 Model L .
© 3-3-1 with right-handed neutrinos, (r.h.n)
© 3-3-1 with neutral lepton (3-3-1 LHN),

@ Economical 3-3-1 Model, Ni
E.

© 3-3-1 with exotic leptons, ;r
3

C. Cc . C. C
1 b33: E5 Es

where N and E are the exotic neutral and charged leptons, respectively.
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o Besides, new known gauge bosons appear,
such as UT*, W', and Z’

A

Contributions




Contributions to g;, — 2 to 3-3-1 models

We make our Mathematica numerical codes of the analytical expressions to Muon Anomalous
Magnetic Moment(Aay, ) corresponding to the 3-3-1 Models available athttps://bit.1ly/2vFZLnG

Figure 2: Feynman diagrams that contribute to the g, — 2 in the 3-3-1 models investigated in this work.
Where U*%, W'~, K~, K® and Z’ are new gauge bosons. With ¢ and ¢ ~ are the neutral and singlet charged
scalars fields, and correspond to the scalars x°, S, Ny, hf, hy, and xt

New Physics contributions to g-2

Lindner, Manfred, Moritz Platscher, and Farinaldo S. Queiroz. A call for new physics: the muon anomalous magnetic moment and lepton flavor violation.” Physics Reports 731
(2018): 1-82. & arXiv:1403.2309
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The corrections to g, — 2

The corrections to gy — 2 rise from the presence of new gauge bosons, and charged and neutral
scalars. The contributions for heavy bosons are given as:

1 m | g P
Aa, (UTT 2“‘ , with My > m, = Minimal 3-3-1
1 mﬁ g 2
A W)~ —— — th My = Mi 1/Eco. 3-3-1, 3-3-1 R.H.N
au (v, W) W, |2vs ( > wi w S my inimal/Eco
)
2
-1 m2 g \/§ ].—4SW 4
N u A
Aay (“’Z)_WM% Ser 5 < 27) with Mz > m, = Minimal 3-3-1
2
—1 m {mv2| (1
+ po| My .
A2 (00> 2wz | 2, <6>’W“h Ve 2 s

s 2% (5 [ Gooe(32)]
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The corrections to g, — 2

2

Aoy (N, W) = = i | 8 I'5 L 33qLEN
H 42 MZ, |2v2| 3
-1 my1
(VAL e = [~ [1-4sh[*+5] = 3-31RHN, Eco. & LHN
4m Mz, 3 4cW,/3—455V
Aay (N, K 1 my g | 3-3-1 model with exotic 1
au (N,K™) ~ e I\/12 7 § = 3-3-1 model with exotic leptons
Aay (E,K®) ~ ﬂz I\/I2 < > = 3-3-1 model with exotic leptons
3-3-1 model with exotic leptons
-1 my g INE: 2 12
Bau (11,2) = gz 3 S —[ [(~eaw +255) 2 +5 | (cow + 255

sw =sen (O ), cw = cos(Oy ), Oy is the Weinberg angle and g is the SU(2); coupling constant.
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Figure 3: Overall contribution to Aay from the 3-3-1 models. The green bands are delimited by
Aay = (261+78) x 107! (3.30). The projected 16 bound: Aay < 78 x 107 - Aa, < 34 x 1071,
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for My(Mg) = 100(150) GeV

My > 309.1 GeV

Model H LHC-13TeV g-2 current g-2 projected

Minimal 3-3-1 Mz >37TeV' | My >4345GeV | Mz > 632 GeV
My >3.2TevV ! My > 646 GeV | My > 996.1 GeV

3-3-1rhn Mz >264TeV? | My >158GeV | Mz > 276.5 GeV

— My > 133 GeV My > 239 GeV

3-3-1 LHN *Mzr >2TeV 2 Mz > 160 GeV Mz > 285 GeV
for My =1 GeV =t My > 1343 GeV | My, > 238.3 GeV
3-3-1 LHN My > 2 TeV 2 Mz >136.7GeV | My >276.5 GeV

for My = 100 GeV S My >1142GeV | My > 231 GeV
Economical Mz >2.64TeV?2 | My >593GeV | My >271.4GeV
3-3-1 — My > 49.5GeV | My > 226.7 GeV

3-3-1 exotic leptons *Mz >2.91 TeV 3 Mz > 429 GeV Mz > 693 GeV
for My (Mg) = 10(150) GeV — My >359GeV | My >579.6 GeV

3-3-1 exotic leptons *Mz >2.91 TeV 3 Mz > 369 GeV Mz > 600 GeV

My, > 501.4 GeV

Table 1: Summary of the lower bounds based on our calculations. For comparison we include the LHC
bounds at 13 TeV center-of-mass energy.

Nepomuceno, A. A., and Bernhard Meirose, ~ Lindner, Manfred, Moritz Platscher, and Farinaldo S. Queiroz., ~ Salazar, Camilo, et al.
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Model H LHC-13TeV g-2 current g-2 projected

Minimal 3-3-1 Mz >37Tev! Mz > 4345 GeV Mz > 632 GeV
My > 3.2 TeVv ! My > 646 GeV My > 996.1 GeV

3-3-1rhn *Mz > 2.64 TeV 2 Mz > 158 GeV Mz > 276.5 GeV

_ My, > 133 GeV My > 239 GeV

3-3-1 LHN *Mz > 2 TeV 2 Mz > 160 GeV Mz > 285 GeV
for My =1 GeV _ My > 134.3 GeV My > 238.3 GeV
3-3-1 LHN *Mzr >2TeV 2 Mz > 136.7 GeV Mz > 276.5 GeV

for My =100 GeV — My > 114.2 GeV My > 231 GeV
Economical *Mz > 2.64 TeV 2 Mz >59.3 GeV Mz > 271.4 GeV
3-3-1 — My, > 49.5 GeV My > 226.7 GeV

3-3-1 exotic leptons Mz >291TeV3 | My > 429 GeV Mz > 693 GeV
for My (Mg) = 10(150) GeV —_— My > 359 GeV My, > 579.6 GeV

3-3-1 exotic leptons “Mz >2.91 TeV 3 Mz > 369 GeV Mz > 600 GeV

for My(Mg) = 100(150) GeV

My > 309.1 GeV

My > 501.4 GeV

Table 1: Summary of the lower bounds based on our calculations. For comparison we include the LHC

bounds at 13 TeV center-of-mass energy.
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3-3-1 LHN model augmented by an inert scalar triplet

The inert scalar triplet allows us to include . D y.»f.0 epr, taking y»» = 1. Such scalar triplet
gets a mass from the quartic coupling in the scalar potential (¢ ¢y "), after the scalar triplet

acquires a vev.

. N
Lx107® <
5. %107 \ —— Aay Current
N (2—x)x?
1.x107™ \nertScalar Aay(¢) = 871:2 M2 / dx — —
= 5.x1071° x4+ (1-x)(1- 75x)
L B i s 6 9
1.x107'"
“11 ] LHC ~
5.x10 Mg~ Avy
. A=0.1 - J
L1000 5000 1x10° 2x10° =<1t Yve have presented a solution to g, — 2 in the context
v, (GeV) of 3-3-1 models.

Figure 4: Overall contribution of the 3-3-1 LHN
Model augmented by an inert scalar triplet ¢.
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Conclusions

© We concluded that none of the five models investigated here can accommodate the anomaly.

© We derived robust and complementary 10 lower mass bounds on the masses of the new gauge
bosons, namely the Z' and W’ bosons, that contribute to muon anomalous magnetic moment
assuming the anomaly is otherwise resolved.

© The 3-3-1 models must be extended to explain the anomaly observed in the muon anomalous
magnetic moment.

@ We presented a plausible extension to the 3-3-1 LHN model, which features an inert scalar
triplet.
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Minimal 3-3-1
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Figure 5: Individual contributions to Aay, from the 3-3-1 models. The green bands are delimited by

Aay = (261+78) x 10~ (3.30). The projected 1o bound is found by requiring Aay, < 78 x 10~ while the bound
is obtained for Aay < 34 x 10711,



Gauge boson and scalar fields interactions with leptons in the 3-3-1 Models

The relevant interactions to a are,

.. 2.1. cc _i* _ =T - 7 =T ,,__
Minimal 33-1: £ >~ £ [vy”(l 1) COT W — Tyl Uy ]

.,%NC D ?y“ [gv(f) +gA(€)’)/5] fZ/, Pyikawa D Gy %VU”]{ -l-@Vth +ngh; +E€LR§2} + h.c.

g V3,/1—4s,

- 2CW 6 ’
gv(¢) = 3ga(¢) are the vector and axial coupling constants, sy = sen (0y),cy = cos(Oy ), g and

Where .2¢¢ and #NC are the charged and neutral currents Lagrangians, ga(¢)

Gy =mpV2/ vy are coupling constants and 1), , h, h3, and Ry, are the scalars fields.

3-3-1rhn: 2> _2% [VEF (L— 1) W, ], 2N ST (gl (0) + ga()ws) 12,

Lukawa O GsIULS,, with Gg = my, \6/(2V)

Lvukawa involving the charged scalars is essentially the same as Minimal 3-3-1 Model. G; is a coupling

1—4s?
4i M ga(t) =— & are the vector and axial coupling constants.
w , /3_

4s2, dew /3 —4sy,

contant. gi,(¢) =



Gauge boson and scalar fields interactions with leptons in the 3-3-1 Models

The relevant interactions to a are,
Economical: Zyykawa D GsHUS: + Gplpviny,
#NC and #€C are the same as in model 3-3-1 r.h.n. .

3-3-1L.HN: 2> —% INCOW,], DLrukawa D GilRNLHY + Gplrvihy + GsTTiS,

#NC s the same as in model 3-3-1 r.h.n.

/

. . g — 1 8 —
3-3-1 with exotic leptons: .¥ >D—=—— + Z'—=-(N + Ny ) K&
p NI (8v+ga)u NG (NyLYube + T, Y Nar) K}
- \% (B mEL) K+ mE(1— ) Ny ™+ hoiE~ 2° + hsTE; x°+H.c.
where ¥t and x° are scalars coming from the scalar triplets, and K, and K° are new gauge bosons.
p u m gaug
—cow +2s3, cow +2s%,

gy = ,and g4 = are the vector and vector-axial couplings.

2



General expressions for Aay,

2 2
f f _
gvlil Pi’_(X)—i- galit Pl (X)

1 my 1
Aay (.2 :——“/
u(f,2) 8mw2 M2, Jo dX; (1—x)(1=A2x) +€2A3x |’

m
uo fu fu
My g,7 and g,; are
the vector and vector-axial coupling constants. my is the fermion mass in the loop.

PE = 2x(1— x)(x — 24+ 26¢) + A2x2(1F &r)2(1 — x L &), & = % M=
n

2 2
f f —
gvg P;_(X)+ gag P2 (X)

-1 m
A W :__"L/ d

with Py = —2x(1+ x F 2¢&f) + A3x(1 — x)(1 F &r)? (x - &), where and & = %, 2= I\ZIT_M
u w’



General expressions for Aay,

2
f _
Aa (U++ / Z gv3 2 (X)+ gag P2 (X)
71'2 /\/I2 7 12 1-x)(1- 8f x) +x
et Pt +|eft] P ()

82 M2/ Z (1—x) (1= A2x) +€2A3x

mys my . . . . .
where & = —, A4 = M— and g, g (gv ) are symmetric and anti-symmetric couplings in flavor
m
n U
space.



General expressions for Aay,

2
. g Py + et Py (o)
au(¢) = @Mz/ Z (1—x)(1—xAZ) +x€2A2

, with P (x) = x* (1 —x=+e&f),

with g51 and gp being the scalar (s) and pseudo-scalar (p) matrices in flavor space, & = mf and
My

gl ‘ Pi(x)+ ‘g ‘ Py
A
2 (97) 87r2 M2 / ; (1—&;2x )+x ’
where P (x) = x(1 — x) (x %+ &), with g Fandg f“ being the scalar (s) and pseudo-scalar (p) matrices in
4 52 g p p

m m
flavor space, & = Y and A = —£-.
m# M¢+



