Systematic study of 3-3-1 models without exotic
electric charges
Work in progress, in collaboration with W. A. Ponce, E. Rojas, R. H.
Benavides and L. Mufioz, based on arXiv:2111.02563 [hep-ph].

.
Yithsbey Giraldo
Universidad de Narifio
December 3, 2021
6th ComHEP: Colombian Meeting on
é COM High Energy Physics
29 de noviembe de 2021.t0 3 de dicembre de 2021
Yithsbey Giraldo (Universidad de Narifio) December 3, 2021 1/9



Systematic study of the SU(3).® SU(3), @ U(1)x local gauge

symmetry

Richard H. Benavides,! Yithsbey Giraldo,? Luis

Muiioz,! William A. Ponce* and Eduardo Roje
!nstituto Tecnoldgico Metropolitano, ITM,
Facultad de Ciencias Ervactas y Aplicadas,
calle T3#76A
?Departamento de Fisica, Universidad de Naririo,
A.A. 1175, San Juan de Pasto, Colombia.
IInstituto de Fisica, Universidad de Antioquia, A.A. 1226, Medellin, Colombia.

, via el volador, Medellin, Colombia.

(Dated: November 5, 2021)

Abstract

We review in a systematic way how anomaly free SU(3),®SU(3),®U(1), models without exotic
electric charges can be constructed, using as basis closed sets of fermions which includes each one
the particles and antiparticles of all the electrically charged fields. Our analysis reproduce not
only the known models in the literature, but also shows the existence of several more independent

models for one and three families not considered so far. A analysis of the new

models is done, where the lowest limits at a 95 % CL on the gauge boson masses are presented.
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Abstract

o We review in a systematic way how anomaly free
SU(3)c ® SU(3)L ® U(1)x models without exotic electric charges can
be constructed, using as basis closed sets of fermions which includes
each one the particles and antiparticles of all the electrically charged
fields.

o Our analysis reproduces not only the known models in the literature,
but also shows the existence of several more independent models for
one and three families not considered so far.

o A phenomenological analysis of the new models is done, where the
lowest limits at a 95 % CL on the gauge boson masses are presented.
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Sets of particles

Sets of particles

o Restricting ourselves to models without exotic electric
charges, we have built 12 sets of particles S; from
triplets, antitriplets and singlets of SU(3), ® U(1)x.

o These sets are constructed in such a way that they
contain the charged particles and their respective
antiparticles.
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Sets of particles

Sets of particles

(*]

(*]
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S = [(ug, e, El_) Det @ E;r]L with quantum numbers (1,3, —2/3); (1,1, 1) and (1, 1, 1) respectively,

Sy =[(e, ug, N?) @ et], with quantum numbers (1,3*, —1/3) and (1,1, 1) respectively,

S3 = [(d, u, U) ® u° @ d° & U], with quantum numbers (3,3%,1/3); (3*,1,—2/3) ; (3%,1,1/3) and

(3%, 1, —2/3) respectively,

S4 = [(u,d, D) & u° @ d° & D], with quantum numbers (3,3,0) ; (3*,1,—2/3) ; (3*,1,1/3) and (3*,1,1/3)

respectively,

S5 = [(Ng7 E2+, eNHao E,” @ e ], with quantum numbers (1, 3%,2/3) (1,1, —1), and (1, 1, —1) respectively,

Se = [(ES, Ng, Ng) 3} E_;]L with quantum numbers (1, 3,1/3) and (1,1, —1) respectively,

Sy =1, v, N) & (N3, ET, e*) @ E~], with quantum numbers (1,3, —1/3) ; (1,3*,2/3) and (1,1, —1)
respectively,

Sg = [(ug, e ,ET)® (ET, N?, Ng) @ et], with quantum numbers (1,3, —2/3), (1,3,1/3) and (1,1,1)
respectively,

So = [(e7, Ve, Nf) ®(E~, Ng, Ng) (<3} (NE, ET, eT)], with quantum numbers (1,3*, —1/3);(1,3*, —1/3) and
(1,3*,2/3) respectively,

S10 = [(ve, e, El_) 52} (E;y N?, Ng) et B (Ng, E,;, ES_) (&) E1+ &3} E3+]L with quantum numbers
(1,3,—-2/3); (1,3,1/3); (1,1,1); (1,3,—2/3); (1,1,1), and (1, 1, 1) respectively,

S =[(e7,ve, N?) 2 (NS, E;r, e e (NU, E;r» E;r) DE ®E & E;]L with quantum numbers
(1,3*,-1/3); (1,3%,2/3); (1,3%,2/3); (1,1,—1); (1,1,—1), and (1,1, —1) respectively,

S =0 e, E) @ (E, N, N9) & (E; , N3, N) @ e @ E; ], with quantum numbers (1,3, —2/3);
1,3,1/3); (1,3,1/3); (1,1,1), and (1,1, —1); respectively.



Irreducible Anomaly Free Sets (IAFS)

e With these sets, we built the IAFSs L;, Q!, Q! and Q!" depending on

their quark content

Vector-like lepton sets (L;)

One quark set (Q])

Two quark sets (Qf)

Three quark sets (Q[)

©~NOUAWN |~

S1+Ss
S2+ S6
57+ Ss
Si0 + Su
So + S12
S1+S+ S5
Se + Ss + So
S>+ S5+ S
S5+ S7+ Sio
So 4+ 57+ S12
S1+Ss+ Su1
S1+25 + So
Se + 257 + S0
S5 +25g + So
S5+ S6 + So + S10
S» 4+ 255 + Si0
514257+ S12
S14 S+ S+ Si2
S»+25 + S
251 + S + Su1
25 + S5 + S12

Sa+So
S3+ S0
So+ S+ 57
S1+ S35+ S
251+ S3+ Se
25+ 54+ Ss
S1+ 54+ 25
So+ S3+25s
S1+ 5+ S35+ 512
S1+ 5+ 5S4+ S11
S4+ 357 + S10
S3+3S+ S
251 + S5+ S7 4 S12
251+ Sa+ S7+ Su1
25, + S3+ Sg + Si2
25+ 5S4+ S+ Su
35, + S3+ 251,
35 + S4+ S11+ Si2
351 + S3+ S11 + S12
351+ S4+ 2511

S1+5+S3+ 5,
251 +S3+ 5,4+ S7
25+ S3+ 5S4+ Ss
35+ 53+ 5S4+ S12

351 +25; + S12

35, + 25+ S
351+ S3+ 5S4+ Sua

35 + 534254
351 4+2535+ 5,
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Irreducible Anomaly Free Sets

Irreducible Anomaly Free Sets (IAFS)

e From the IAFSs it is possible to systematically build 3-3-1 models.

Name Model AFS
Model A QY 35 + S35+ 25,
Model B Qé” 351 +25+ 5,
Model C Ql + Qf S1+ S+ S3+25,+ So
Model D QR+ Q  Si+5+25+Si+ 50
Model E Qé +2 Q{ 254 + 259 + S3 + S1o
Model F 2 Qé -+ Q{ S4 + Sg + 253 + 2519
Model G 3Q] 3(S4 + So)
Model H 3 Qé 3(53 + 510)
Model | 3Qf 3(25; + Sy + Ss)
Model J 3Q! 3(251 + S3 + S6)
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Irreducible Anomaly Free Sets (IAFS)

e By combining the IAFSs from Table, it is possible to find a large number of models. By
restricting to models with a minimal content of exotic fermions, we found 1682 models which
could be of phenomenological interest.

e We reported some of them, with their corresponding embeddings.

Wodel | 7 SM Lepton Embeddings Universal — 241 __— Lepton Configuration _— LHC-Lower imit (TeV)
A |- v x 3G 4.87
B | - 350 v x 3G 553
o 1 s s site x x GHG+G

2 | (sf+58 )+ 8 4 (sh+sE) x v 26+ G 4.87
R x v 26+ G 553
2 v x Ele} 553
1 x v G +26G 575
2 x v G +26 498
3 x v G+26 575
[ I x v 264G 498
5 v x 3G .98
6 x x G+t G
7S s+ (Sl + 55 x x G+ GG
8 (S5 4+ + (St + 55) x v 264G 498
9 SiHe g x v 2G+G 5.53
10 syt <(51”c +55") x x G+ G+ G
1 Sl x v 26+ G 5.53
2 (5‘+5€n)+( e s x x G+G+G
13 (S+S5) + (% +288) x v G+2G 7.0
ST s x v 26+ G 553
2 (85 +55) + 52 x v 26+ C 553
F 3 sy \55‘,)»(530‘* .s;’ ) x x G+ G+ G
4 (5357 4 55) + Sty x x G+ G+G
5 (S37+ 535"+ Sig® x v a+20 498
6 (534 52+ (St + 58) x v 26+G .98
7 st s v x 3G 553
8 S 4 sl + 58 x v 2G+G 5.53
G 3site” v x 3G 5.53
H 355 v x 3G 5.53
1 355+ v x 3G 4.87
v 2 2sit¢" 4 sl 4 5¢ x v 26+ G 487
3 site’ 2s] +25¢ x v G +26G 553
4 350 +35¢ v x 3G 553
J 350t v x 3G 5.53
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Irreducible Anomaly Free Sets (IAFS)

Model | j SM Lepton Embeddings Universal — 2+1 — Lepton Configuration — LHC-Lower limit (TeV)

1 3ste’ v x 3G 4.87

Q|2 2_s§+j’ +(Sf+ s;’:) x v 26+ G 4.87
3 S5t 4 (285 +25¢") x v G +2G 5.53
4 35] +35¢" v x 3G 5.53
1 3s+e’ v x 3G 5.33
2 257 1 (S{+ S5) x v 26+ Gy 5.33
3 Si+e” 4 (250 +25¢7) x v G +2G 6.52
4 357 +355" v x 3G, 6.52
5 osire’ 4 ghte” x v 2G4 G 533
6 25t 4 (SL+ 5¢) x v 26+ G 5.33
7| S (St sE) 4 sire x x G+G+GC
8 | Site 4 (SL4+SEY) +(SE+ 58 x x G+ G+ G

Q4 | o (25{ +25¢") + si+e” x v G+2G 6.52
10 (250 +258" )+ (SL+ 5¢7) x v G +2G 6.52
1 Stte' 4 oglte” x v G +2G 553
12 siret g shret 4 (ST set) x x G+G+GC
13 sttt 4 (257 4 258" x v G +2G 4.87
14 (!4 587 + 250" x v 263+ Gy 553
15 | (S{+S57) +Site +(SE+ 557) x x G+ G+ G
16 (Sf+557") + (286 +25¢") x v 26+ G 4.87
17 3sh+e” v x 3G 553
18 2sh+e” 4 (ST s¢") x v G +2Gs 553
19 Sire't 4 (28T 4 25¢7) x v 26+ G 487
20 35!+ 358" v x 3G 4.87
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LHC constraints

e We report LHC constraints for models with the first two families having SM
fermions with identical charges, including some of the classical 3-3-1 models.

e We can see that, independent of the model, the mass value of the new neutral
gauge boson for all the 3-3-1 models considered in this paper, is above 4.87 TeV.

Model SM Particle Short LHC - Lower limit
embedding Notation in TeV
Ci+qg| £C3, et Cl, gc3* | (+et+g 5.53
Ci+q| £C3, e Cl, qgC3 | f+eT+g 5.33
G+qg| tc3,etcl gc3 | (+et+7 4.98
G+q| tc3,etcl, gc3 | I+ et+gq 4.87
G+qg|fc3 e C3qC3 | I+ eT+g 5.75
G+q| ¢c3 et Cc3,qgc3 | I+ et+g 5.53
G+q| ¢C3 et C3*qC3* | I+ €eT+g 7.00
Ci+q| £C3, et C3*,qgC3 | {+eT+g 6.52
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LHC constraints

LHC constraints

I !
tf— 2,
Ci, £C3,eC1l(asinSy)
Fields Vectorial Axial
ve 3 (57 tsin0) —3 (3% +5in0)
e % [sin9(1—4sin2 Ow) — %(1+2sin2ﬁw)] % [sin@— %(1—25in2 OW)J
G, £C3* eCl(asin$y)
Fields Vectorial Axial
Ve co;G (% ) OW) _ # co§9 (% — sin? 9W) _ sm20
e sin9(%—25in02w) +°°§‘9 (%—25"10%4/) % (C°§9+sin9)

G, (C3* eC3*(asin S7)
Fields Vectorial Axial
Ve % [C°§9(1—2$in2t9w)—sin6] % #(1—2sin2 Ow) —sin6
e sin9<%f2sin29w) +%(1725in2ew) % sinf — #(1725in2aw)
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LHC constraints

I !
tf— 2,
G, €C3,eC3*
Fields Vectorial Axial
Ve ; (sin9+ c°;9> % (sin9+ #)
e % [sin0(1—4sin2¢9W)+ %(1—2sin2 6W)] % [sin9(1—2sin29W)— #]
g, qC3* (asin S3)
Fields Vectorial Axial
u é [siné (73+85in2 OW) + % (3+2sin2 QW)} % [C"gg (172sin2 HW) — sin 0}
d [% — %sinQQWJ [sin6‘+ %J % [sin@—l— #]

g, q C 3 (asin S;)

Fields Vectorial Axial
u é [sin 0 (—3 + 8sin? GW) + % (5 — 8cos? GW)] —% [% + sin 0]
d % |:sin€<3f4sin20W) 7%<372sin2‘9w>] % [sin€7#<1f2sinzew>]
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Conclusions

Summary and conclusions

Q We found in a systematic way how anomaly free
SU(3)c ® SU(3). ® U(1)x models without exotic electric charges can
be constructed, using as basis closed sets of fermions which includes

each one the particles and antiparticles of all the electrically charged
fields.

Q@ Our analysis reproduced not only the known models in the literature,
but also shows the existence of several more independent models for
one and three families not considered so far.

©Q A phenomenological analysis of the new models was done, where the
lowest limits at a 95 % CL on the gauge boson masses were
presented. For all the 3-3-1 models considered, the mass value of the
new neutral gauge boson is above 4.87 TeV.
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Conclusions

THANK YOU!
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