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1. Introduction because it requires that the number of families is an integer
multiple of the number of colors. This feature combined to-
The SM provides a very good description of all the phenomyether with the asymptotic freedom, which is a property of
ena related to hadron and |ept0n colliders. This includes thauantum ChromodynamiCS, requires that the number of fami-
Higgs boson which appears as elementary scalar and whiqfgs s three. Moreover, according to these models, the Wein-
arises through the breaking of electroweak symmetry. Soperg angle is restricted to the valsg, = sin® 0y < 1/4in
on 4 July 2012, the discovery of a new particle with a masshe version of heavy-leptons [10]. Thus, when it evolves to
measured by CMS Collaboration to be 125.35 GeV was anhigher values, it shows that the model loses its perturbative
nounced; physicists suspected that it was the Higgs boso@haracter when it reaches to mass scale of about 4 TeV [13].
Since then, the particle has been shown to behave, interaq-q,ence, the 3-3-1 model is one of the most interesting exten-

and decay in many of the ways predicted for Higgs particlesjons of the SM and is phenomenologically well motivated to
by the Standard |\/|Ode|, as We” as haVing even parlty and Zerge probed at the CLIC and other accelerators.

spin, two fundamental attributes of a Higgs boson. This also
means it is the first elementary scalar particle discovered in Future TeV-scale linear colliders will cause a significant
nature, [1]. Any discovery of a charged Higgs boson woulddegradation of the energy of the center of mass during the
be confirmation of new physics and the CLIC can admit orcollision of electrons and positrons, so corrective effects such
exclude such a probability. as Beamstrahlung (BS) [14-17], that is, the Radiation from
Different types of Higgs bosons, if they exist, may lead @ beam of charged particles in a linear collider, due to its in-
us into new realms of physics beyond the SM. Since the SMeraction with the electromagnetic field of the other beam,
leaves many questions open, there are various extensions. Fetuses a bending in the path of the particles under the influ-
instance, if the SM at high energies is restrained in the Grangnce of such electromagnetic fields. During this bending, the
Unified Theory (GUT), subsequently the Higgs bosons reparticles radiate photons, causing a loss of beam energy.
lated with GUT symmetry breaking required masses of or-
der Mx ~ O(10'%) GeV. Supersymmetry [2] supplies a so-
lution to hierarchy problem through the cancellation of the
guadratic divergences via fermionic and bosonic loops con
tributions [3—6]. Furthermore, the Minimal Supersymmetric

Another correction that must be made in the production
of new patrticles is due to initial and final state radiation

(ISR) [18], which is perturbative, it occurs in any process

that contains electrically charged or colored particles, either
. : ; in the initial state, where one of the incoming particles emits
extension of thg SM can be obtained as an effective theory adiation before the interaction with the others, so reducing
supersymmetric GUT [7-9]. the beam energy previously to the momentum transfer, as in

There are also other class of models based Ohe final state and manifests with gluon or photon radiation.
SURBXY®SURB)L®U(1)y gauge symmetry (3-3-1 model)

[10-12], where the anomaly cancellation mechanisms occur So, these corrective effects such as BS and ISR will make
when the three basic fermion families are considered and ndt possible to have more precise measurements of the cross
family by family as in the SM. This mechanism is peculiar section, near the point of resonance.
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This paper is organized as follows. In Sec. 2 we discusshe neutral ones. However, it can be checked that in the ap-
the relevant features of the model. In Sec. 3 we compute thproximationv, > v,, v, we can still work with the masses
total cross sections and introduce the ISR and BS effects. Fand eigenstates given in Ref. [19]. Here this term is impor-
nally in Sec. 4 we present our concluding remarks. tant to the decay of the lightest exotic fermion. Therefore, we
are keeping it in the Higgs potential.

We present the Yukawa Lagrangians that respects the
gauge symmetry and that is given in several papers (see, for

If there exist any model beyond the standard model (BSM)example, [21]).
then it is no strange that it is still hidden in the scalar sector.

2. Relevant features of the model

As one of the simplest BSM models, is the- 3 — 1 model, 1(1 ot 0 o —
which has been extensively investigated in the literature. —Le= 2{v {CWU H + (v, + suH} — coH3) e
These is a promissory model which is based on the g
SU(3)c ® SU(3)r, ® U(1)x (3-3-1 for short) semi sim- + s, PTUT! H++} M'Gre™ + 1 [cwvv'fp Hy
ple symmetry group [10], which contains both charged Higgs Ux
bosons. In this model the three Higgs scalar triplets . %e—_VZPH__ . (Ux +HD 4 iho) ﬁ}
7P ot
n={ m |~B0. o= £ |~31. x MPGRP+} FHe @)
+ ++
T2 P
x~ whereGr = 1 + s, the Cabbibo-Kobayashi-Maskawa mix-
=1 x| ~@,-1 1) ing matrix, ¥, Y, VP VP are arbitrary mixing matri-
O T ces,M' = diag(m, m,, m,), M" = diag(mg mar mr).

Symmetry breaking is initiated when the scalar neutral
generate the fermion and gauge boson masses in the modgélds are shifted ag = v, + &, + i(,, with o = 1°, p°, x°.
The neutral scalar fields develop the vacuum expectation valFhus, the physical neutral scalar eigenst&fés H9, HS and
ues (VEVs)(n°) = v, (p°) = v, and (x°) = v,, with k0 are related to the shifted fields as

v2 + 0?2 = 02 = (246 GeV)2. The pattern of symmetr
b?eakir’;gis v Y P Y Y <£n) 1(@,, v, )(H%)
€p vw \ Up —Up Hs
SU@E), @ Uy 2 sUE), © U)y 22 U(L).., GRHD, G~ 4)

and so, we can expege} > vy, v,. Thenandp scalar triplets ~ and in the charge scalar sector we have
give masses to the ordinary fermions and gauge bosons, while

. X , ~ Yp gt ~ O ot
they scalar triplet gives masses to the new fermions and new m o~ ﬁfﬂ ) pt ﬁHz )
gauge bosons. The most general, gauge invariant and renor- v
malizable Higgs potential is X R UiH++, ©)
X
2
V (n,p,X) = uin'n + p5pp + u3x"x + M1 (n'n) with the condition thab, > v,, v, [19].
9 9 , In this work we introduce the ISR and BS as corrections
+ 22 (p'0)” +Xs (X'x)” + (') | M (7p) i i
2\PP 3 XX nn)|Aapp effects to the cross section around the resonances points:
i i i my = 5976.43 GeV, myz = 6830.21 GeV andmz/ =
+25 (x'x) ] +26 (p'p) (X'X) 8539.47 GeV forv, = 3.5(4.0;5.0) TeV, at the CLIC with3
and5 TeV [22].

+ X7 (p'n) (np) + s (x™n) (n'X)

+ X9 (p'x) (x'p) + Ao (n'p) (nX) 3. Cross section production

+ L (fe* nipjxk +H. c). (2)  The procesg et — H, H,, take place through the ex-

2 change of the bosong, Z and Z’ in the s channel. Then
Here f is a constant with dimensions of mass and e  using the Yukawa Lagrangians written above we evaluate the
(i=1,...,10) are dimensionless constants with < 0 differential cross section for thH2jE
from the positivity of the scalar masses. The term propor- 46 1
tional to A1y violates lepto-barionic number so that, it was d% = 5I% (|Mw|2 + |MZ|2 + |MZ,\2
=S

not considered in the analysis of the Ref. [19] (another analy-
sis of thg 3-3-1 sqalar sector are .given in R_ef. [20] and _refer— + 2ReM, Mz + 2ReM, Mgz, + QRGMZMZ,)‘ (6)
ences cited therein). We can notice that this term contributes

to the mass matrices of the charged scalar fields, but not to Writing separately the cross-sections, we will have
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dé. _ ﬁH,} QQF(AVH;H;)QL t %
dcosf 1653 sin? Oy s
doy  Bure®n(Azg-py)?(9t +973) L @)
dcosf  64sin? Oy cos? Ows(s —m% +imyl z)? stw
Aoz Bz (Mg ) (90 + 9%0) . ©
dcos  192sin? Oy cos? Oy s(s — m2, + imy T z0)2 Tetw
doy-—z _ ﬁHziO‘QW(A»yH;H;)(AZH,;H;F)(QV) N (10)
dcosf  16sin® Oy cos Oy s2(s — m2 + imzly) st
doy—z Puz a27T(A7HgH;r)(AZ’H;H2+)gV’ ¢ (1)
dcosf 16+/3 sin® Oy cos Oy s2(s — m%, +imz T z) st
doz—z _ Bz ®m(A g ) Az ) (9vav: + gagar) N (12)
dcosf 32v/3sin Oy cos? Oy s(s —m% +imzlz)(s —m%, +imz 7)) stus

where we have defined thet, parameter

bou =s(s —4m? ) — (t —u)?,
stu ( i) ( ) 1}2(1 + Gt%/V) - 2t2v>2<

Ajp—pv = — ,
and theﬂHi is the Higgs velocity in the c.m. of the process ZH, Hy (v2 + Ug)\/(l +4t2,) (1 + 32,)
which is equal to

2 2 2
4m2 Ay i = v (6t — 1) + 205
Bz = \[1-— 2RV 3ty
andt¢ andu are where )
s tw = W
= Hi—i(l—ﬁH;cose)7 VI ds3,

.2 8 and
U=Mmps — g (1+ﬂH2i cos@)7

wheref is the angle between the Higgs and the incident elec-
tron in the CM frame. We will now consider the effects of ISR and BS. The ISR

The primes(’) are for the case when we takeZa bo-  corrections to the cross section fore™ annihilations at high
son,T'z [23, 25], are the total width of th&’ boson,gy. 4 energies are presented. These corrections are not at tree-level
are the standard lepton coupling constants, 4. are the but with accuracy up to the? terms. The cross section will
3-3-1 lepton coupling constants,is the center of mass en- Pe folded with the distributions given by [14, 18]. Then we
ergy of thee—e*t systemg = V4 7 o/ sin 6y anda is the ~ have
fine structure constant, which we take equahto= 1/128.

For the Z’ boson we takenz = (5.9 — 8.6) TeV [26, 27], o(s) = /dXUz’((l —x)s)H(x;s) (13)
sincem - is proportional to the VEW, [11,12,19]. For the

standard model parameters we assume Particle Data Growhereo . represents the resonance cross sectjos; 1 —
values,i.e, myz = 91.19 GeV, sin’ 0y = 0.2315, and  4m,/\/s and H(x, s) is a radiator function that summarize
My, = 80.33 GeV [28], the velocity of the Higgs in the c.m the results of the ISR corrections.

of the process we denote throug+, ¢ andw are the kine-

matic invariants. We have also défined the;,— ,+ as the H(x,s) = A8y~ (1 — 7252 /24)

coupling constants of theto HiggsHy , the A asthe
pling heto Higg ZHy H} + APB P21 2[(1 = x) P2 — )
coupling constants of th& to nggsH2 and theAZ,H HE

Sw = sin Oy .

as being the coupling constants of théto Higgs H;". —N'B/2[(2—x)x"?—B/2[(2—x) In(1—x)—x]]
A - tw (vF — v7) +62/16[(2 — x)[2In(1 — )
YHy, Hy — P] ’
V1At (0 +v7) — 4Inx] — 4[In(1 — x)]/x — 6 + 3x], (14)
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where we have for 2 and 3 shows the cross section with and without ISR +
20 s BS around the resonances pointsizs = 5976.43 GeV,
p= Wlog<2 - 1)7 (15)  myz = 6830.21 GeV andmyz = 8539.47 GeV forv, =
c 3.5(4.0;5.0) TeV, at the CLIC with 3 and 5 TeV. As can be
A =14+ % (16)  Seen the peak of the resonance shifts to the right and is low-
8 ered as a result of the ISR + BS effects.

On the other side, BS is an effect that occurs in high-
energyete~ collisions, when each beam eft(¢~), due

to its high density, generates a strong electromagnetic field. .

100

So when the other beam passes through this electromagneti
field, its path is curved and the curved particles will radiate : R
photons. This energy loss is called BS. ‘.; Ll |
The effective differential cross section for a final state 7 e : . ]
with the effect of the BS is related to the effective differen- i -—:— ISR+BS
tial cross section without effect, by means of the following - _
formula: = T
do(s,y) ‘ ‘ ‘ ‘ ‘ ‘ ‘
dy Was(y) oz (s(1 = y)), (17) 10 52500 5750 6000 6250 6500

where Vs

ao 2 7 —y FIGURE 1. Effective cross section for resonance production

Wgs(y) =0.2 ( ZT) \ T mz = 5976 GeV with and without effect of BS and ISR for
A Ty vy = 3.5 TeV.
21—y 4
X exp |:3,r (y + 1_y>:| 5 (18) 100

is the function that describes the probability density of the BS

and the variablg is the fraction of energy lost through emit- -

ted photons from the BSY is the effective beamstrahlung I e—e+ ——> HoHb
parameter, which is given by E 10-1 | 1
[ 7 ]

9 7“57]\7 (19) ° -—-— ISR+BS

- éaoz(am +oy)’

wherer. is the radius of the electro®y the number of parti- , - =
cles per beamy the Lorentz factorg the fine structure con-

10-2 . i

stant ando,, o, 0,) are the beam parameters. Py eE50 8§00 975D v4ud
Therefore, the effective cross section, considering the BS Vs
effectis: _ . :
FIGURE 2. Effective cross section for resonance production
o= /ozz(s(l —y)) Was(y)dy. (200 mz 4: (-;“)I_S?{? GeV with and without effect of BS and ISR for
vy = 4.0 TeV.

4. Results and conclusions [ ‘ ;

Precision tests of the 3-3-1 theory around #feare in this ! e e
context a relevant question. In particular a significant role is

played by the ISR and BS corrections to the initial electron-  70-7 | e—e+ ——> HzH? g
positron state. The physics involved in the problem of ISR f&, ]
and BS corrections is related to the emission of photons in ® I - gmm

the process of annihilation of electrons and positrons and its
effect on the resonance peak. That s, in the production ofa
resonance of massa,, with colliding beams of total energy T T~

of the center of masg’s = 2F, the emission of hard and soft e | . ‘ ‘ E
photons occurs. 8000 8400 8800 9200 9600
The impact of the initial state radiaton (ISR) and beam- Vs

strahlung (BS) on precision measurements strongly affectsicure 3. Effective cross section for resonance production
the behaviour of the production cross section around the resrn,,, = 8539 GeV with and without effect of BS and ISR for
onance peaks, modifying as the shape as the size, so Figs., = 5.0 TeV.

Rev. Mex. Fis68 060802



10.

11.

12.

13.

14.

15.

INITIAL STATE RADIATION AND BEAMSTRAHLUNG IN THE PRODUCTION OF A RESONANCE OF MASS. ..

. The CMS Collaboration, Constraints on anomalous Higgs bo-16

son couplings using production and decay information in the
four-lepton final statePhys. Lett. B775 (2017) 1,https:
/Idoi.org/10.1016/j.physletb.2017.10.021

J. Wess and B. Zumino, Supergauge transformations in four diq 7.

mensionsNucl. Phys. Br0(1974) 39 https://doi.org/
10.1016/0550-3213(74)90355-1

J. Wess and B. Zumino, A lagrangian model invariant under su- g

pergauge transformatiorBhys. Lett. B19(1974) 52https:
//doi.org/10.1016/0370-2693(74)90578-4 |

. J. lliopoulos and B. Zumino, Broken supergauge symmetry, o

and renormalizationNucl. Phys. B76 (1974) 310,https:
//do1.0rg/10.1016/0550-3213(74)90388-5

S. Ferrara, J. lliopoulos and B. Zumino, Supergauge invarian&(J
Yang-Mills theories,Nucl. Phys. B77 (1974) 413 https:
//doi.org/10.1016/0550-3213(74)90559-8

E. Witten, Dynamical breaking of supersymmetrijucl.
Phys. B188 (1981) 513 https://doi.org/10.1016/
0550-3213(81)90006- /

S. Dimopoulos and H. Georgi, Softly broken supersymmetry
and SU(5),Nucl.Phys. B193 (1985) 150,https://doi.
0rg/10.1016/0550-3213(81)90522-8

S. Dimopoulos, S. Raby, and F. Wilczek, Supersymmetry anq22'

the scale of unificatiorPhys. Rev. D24 (1981) 1681https:
//doi.org/10.1103/PhysRevD.24.1681

L. Ibaflez and G. G. Ross, Low-energy predictions in super-2
symmetric grand unified theorie®hys. Lett. B105 (1981)
439, |https://doi.org/10.1016/0370-2693(81)

91200-4 .

V. Pleitez and M. D. Tonasse, Heavy charged leptons in art4

SU(3)r ® U(1)n model, Phys. Rev. D48 (1993) 2353,
https://dol.org/10.1103/PhysRevD.48.2353

F. Pisano and V. Pleite5U (3) ® U(1) model for electroweak
interactions,Phys. Rev. D46 (1992) 410 https://doi.
0rg/10.1103/PhysRevD.46.410

P. H. Frampton, Chiral dilepton model and the flavor question,
Phys. Rev. Lett69 (1992) 2889 https://doi.org/10.
1103/PhysRevLett.69.2889

A. G. Dias, Evading the few TeV perturbative limit in 3-3-
1 models,Phys. Rev. D71 (2005) 015009https://doi.
0rg/10.1103/PhysRevD. /1.015009

O. Nicrosini and Luca Trentadue, Soft photons and sec-27.

ond order radiative corrections tete~ — Z° Phys.
Lett. B 196 (1987) 551, https://doi.org/10.1016/
03/70-2693(8/)90819-/

P. Chen, Differential luminosity under multiphoton beam- 28.

strahlung, Phys. Rev. D46 (1992) 1186, https://doi.
0rg/10.1103/PhysRevD.46.1186

21.

3.

25.

26.

. K. Yokoya and P. Chen, Beam-beam phenomena in linear col-
liders, In Frontiers of Particle Beams: Intensity Limitations.
(Springer, Berlin, Heidelberg, 1992), pp. 415-44%tps:
//doi.org/10.1007/3-540-55250-2% _$37.

0. Cakir, Production of doubly charged Higgs bosons at linear
e~ e~ colliders,New J. Phys8 (2006) 145 https://doi.
0rg/10.1088/136 /-2630/8/8/145

E. A. Kuraev and V. S. Fadin, Yad. Fiz, On Radiative Correc-
tions toe e~ Single Photon Annihilation at High-Energgpv.
J. Nucl. Phys41 (1985) 466.

. M. D. Tonasse, The scalar sector of 3-3-1 moddys.
Lett. B 381 (1996) 191, https://doi.org/10.1016/
03/0-2693(96)00481-9Y

. N. T. Anh, N. A. Ky and H. N. Long, The Higgs sector in the
minimal 3-3-1 model with the most general lepton-number con-
serving potentialint. J. Mod. Phys. A6 (2001) 541https:
//d01.0rg/10.1142/S5021/7751X01003184

J. E. Cieza Montalvo, N.V. Cortez, J. S Borges and M.D.
Tonasse, Searching for doubly charged Higgs bosons at the
LHC in a 3-3-1 Model,Nucl. Phys. B756 (2006) 1/https:
Jidoi.org/10.1016/].nuclphysb.2006.08.013

CLIC Physics Working Group Collaboration, Physics at the
CLIC Multi-TeV Linear Collider, Geneva: CERNO5 (2004)
226, https://dol.org/10.5170/CERN-2004-005

J. E. Cieza Montalvo and M. D. Tonasse, Pairs of charged
heavy-leptons from arfU(3)., ® U(1)y model at CERN
LHC, Nucl. Phys. B623 (2002) 325.https://doi.org/
10.1016/S0550-3213(01)00643-5

J. E. Cieza Montalvo and M. D. Tonasse, Pairs of charged heavy
fermions from anSU(3), ® U(1)y model ate™e™ colliders,
Phys. Rev. D67 (2003) 075022https://doi.org/10.
1103/PhysRevD.6/.0/5022

J. E. Cieza Montalvo and M. D. Tonasse, Neutral Higgs bosons
in the SU(3)r ® U(1)n model, Phys. Rev. D71 (2005)
095015 |https://doi.org/10.1103/PhysRevD.71.

095015 |

P. S. Bhupal Dev, R. N. Mohapatra, Unified Explanation of the
eejj, Diboson, and Dijet Resonances at the LHRys. Rev.
Lett. 115 (2015) 181803https://doi.org/10.1103/
PhysRevLett.115.181803

N. Okada, S. Okada, D. Raut, Naturdl-portal Majorana
dark matter in alternative U(1) extended standard mdeleys.
Rev. D100(2019) 03502zhttps://doi.org/10.1103/
PhysRevD.100.035022

J. Beringeret al. (Particle Data Group), Review of Particle
Physics,Phys. Rev. D86 (2012) 010001 https://doi.
org/10.1103/PhysRevD.86.010001

Rev. Mex. Fis68 060802


https://doi.org/10.1016/j.physletb.2017.10.021�
https://doi.org/10.1016/j.physletb.2017.10.021�
https://doi.org/10.1016/0550-3213(74)90355-1�
https://doi.org/10.1016/0550-3213(74)90355-1�
https://doi.org/10.1016/0370-2693(74)90578-4�
https://doi.org/10.1016/0370-2693(74)90578-4�
https://doi.org/10.1016/0550-3213(74)90388-5�
https://doi.org/10.1016/0550-3213(74)90388-5�
https://doi.org/10.1016/0550-3213(74)90559-8�
https://doi.org/10.1016/0550-3213(74)90559-8�
https://doi.org/10.1016/0550-3213(81)90006-7�
https://doi.org/10.1016/0550-3213(81)90006-7�
https://doi.org/10.1016/0550-3213(81)90522-8�
https://doi.org/10.1016/0550-3213(81)90522-8�
https://doi.org/10.1103/PhysRevD.24.1681�
https://doi.org/10.1103/PhysRevD.24.1681�
https://doi.org/10.1016/0370-2693(81)91200-4�
https://doi.org/10.1016/0370-2693(81)91200-4�
https://doi.org/10.1103/PhysRevD.48.2353�
https://doi.org/10.1103/PhysRevD.46.410�
https://doi.org/10.1103/PhysRevD.46.410�
https://doi.org/10.1103/PhysRevLett.69.2889�
https://doi.org/10.1103/PhysRevLett.69.2889�
https://doi.org/10.1103/PhysRevD.71.015009�
https://doi.org/10.1103/PhysRevD.71.015009�
https://doi.org/10.1016/0370-2693(87)90819-7�
https://doi.org/10.1016/0370-2693(87)90819-7�
https://doi.org/10.1103/PhysRevD.46.1186�
https://doi.org/10.1103/PhysRevD.46.1186�
https://doi.org/10.1007/3-540-55250-2$_$37�
https://doi.org/10.1007/3-540-55250-2$_$37�
https://doi.org/10.1088/1367-2630/8/8/145�
https://doi.org/10.1088/1367-2630/8/8/145�
https://doi.org/10.1016/0370-2693(96)00481-9�
https://doi.org/10.1016/0370-2693(96)00481-9�
https://doi.org/10.1142/S0217751X01003184�
https://doi.org/10.1142/S0217751X01003184�
https://doi.org/10.1016/j.nuclphysb.2006.08.013�
https://doi.org/10.1016/j.nuclphysb.2006.08.013�
https://doi.org/10.5170/CERN-2004-005�
https://doi.org/10.1016/S0550-3213(01)00643-5�
https://doi.org/10.1016/S0550-3213(01)00643-5�
https://doi.org/10.1103/PhysRevD.67.075022�
https://doi.org/10.1103/PhysRevD.67.075022�
https://doi.org/10.1103/PhysRevD.71.095015�
https://doi.org/10.1103/PhysRevD.71.095015�
https://doi.org/10.1103/PhysRevLett.115.181803�
https://doi.org/10.1103/PhysRevLett.115.181803�
https://doi.org/10.1103/PhysRevD.100.035022�
https://doi.org/10.1103/PhysRevD.100.035022�
https://doi.org/10.1103/PhysRevD.86.010001�
https://doi.org/10.1103/PhysRevD.86.010001�

