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We consider an effective Minimal Left-Right Symmetric Model. Instead
of engaging all the dimension-6 operators, we choose only the relevant,
in the limit that right-handed symmetry breaking scale is larger than the
electroweak one, operators belonging to ¢?X? class. We adjudge the impact
of those operators on the spectrum and vertices of the model, and then
capture their contributions to the low-energy observables, e.g., p, Gr, Ow,
and oblique parameters S, T, U.
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1. Introduction

We expect the discovery of new particles in the collider experiments in
near future. This will inevitably lead us to access energy scales where new
particles and new degrees of freedom (DOF) will be produced on-shell or
indirectly seen in the precision studies.

There are several options being considered for future electron colliders [1],
namely, FCC (Future Circular Collider) [2, 3|, CLIC (Compact Linear Col-
lider) [4, 5] — both at CERN, the ILC (International Linear Collider) [6-8].
The CEPC (Chinese Electron Positron Collider) [9, 10| in China is of the
circular type and similarly to FCC is expected to collide electrons with
positrons at 90-365 GeV centre-of-mass energies. The ILC collider planned
in Japan could reach centre-of-mass collision energies of 1 TeV, while CLIC
would cover the energies between 380 GeV and 3 TeV. In the case of FCC-
ee, four running stages are considered |2, 11, 12|, with a focus on Z, W, H,
and top-quark production. With new colliders and physics opportunities
at hand, it may happen that to capture new physics, the Standard Model
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Effective Field Theory (SMEFT) will not be sufficient. It will become perti-
nent that we extend the set of lighter DOFs beyond the SM ones by adding
these newly discovered particles. This will also bring into picture new ef-
fective operators along with SMEFT ones. These new operators will also
provide contributions to the low-energy observables, and thus it will be nec-
essary to recompute these observables extending the SM electroweak pseudo-
observable studies [13—15].

In this work, we consider the Minimal Left-Right Symmetric Model
(MLRSM) itself as an effective theory, and compute the complete and in-
dependent set of dimension-6 effective operators using GrIP [16]. Then we
invoke the following sequence of spontaneous symmetry breaking SU(2)y x
SU2)rxU1)p—r — SU(2) xU(1)y = U(1)em. We compute the modified
gauge boson spectrum and the modified interaction vertices after incorpo-
rating the dimension-6 operators.

In Section 2, we outline the full MLRSM Lagrangian highlighting its rich
scalar sector, describe the pattern of symmetry breaking, and elucidate the
computation of tree-level masses of the gauge bosons. This is followed by a
discussion on dimension-6 operators and the field re-definitions necessitated
by their incorporation in Section 3. Finally, in Section 4, we shed light
on the procedure for recomputing low-energy observables once dimension-6
operators have been taken into account.

2. The MLRSM Lagrangian and model parameters

2.1. Model details

The renormalizable Lagrangian for the Minimal Left-Right Symmet-
ric Model (MLRSM) can be divided into the kinetic, scalar-potential, and
Yukawa sectors [17-22|

i 1 ) 1 ) I
Lyin = —ZTI"[G“ Gu) — 1T1"[Wf Wy,r] — ZH[Wﬁ Ww,Rl = Z(B“ Buy)

+Tr (DAL (DFAL)] + T [(DuAR) (D Ap)| +Tr (D) (D)
+LpilpLy + LrilpLr + QLilDQL + QrilPQr - (1)

The internal symmetry group is SU(3)c x SU(2)r, x SU(2)r x U(1)p—, and
the corresponding field strength tensors are following [21, 22]:

Ga, = 0,G — 0,Gi + gsfAPCGRGYT

uv
I I I I1JKyy,J K

WL,;J,I/ = (9MWL7V — 8VWL,;J, + gre WL,MWL,V y
I _ I I I1JKyx/J K

WR,MV = 8,LLWR,V — 61,WR7M + gReE WR,MWR,V y

B, = 0,B,—0,B,.
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The fermion sector includes leptons and quarks (SU(3) triplets). These
can be further subdivided into left- and right-handed fields, where the former
transform as doublets under SU(2),, while the latter transform as doublets
under SU(2)g. Each of these fields has non-trivial U(1)_, charges. Based
on this, their covariant derivatives assume the following form |21, 22]:

4 Y
DVLp g = <5“ - iQL,R%W[I,Z% - iQB“) Ly, R, (2)

A

. T Y
D'Qrr = <a”—l93GA ZQLR WL —ig— B“) Qrr- (3)

2

The scalar sector consists of a bi-doublet @, (transforms as a doublet
under SU(2)z as well as SU(2)g), an SU(2)., triplet Az, and an SU(2)g
triplet Ag. The bi-doublet transforms trivially under U(1)p_r, whereas
each of the triplets has 2 units of charge. The corresponding covariant
derivatives are given as [21, 22|

Dre = 94 — iggwinT qs +ignd - e
DFALg = 0" ALr—igLn [TQIWLR,AL W] B AL @
The scalar potential has a rich structure which is highlighted below
V(AL Ap, @) = i (Te[@10]) - 3 (Tr [601] + Tv [610) )
3 (1 [ar (a0 T] + 2 [ap(ap) 1) + A [gal]
FAoTr [éqﬁ* } C T [qiqu } Tr [qﬁT @} + Mo Tr [é*@} ’
AT [@@T } (Tr [@@T } +Tr [qBTqﬁ])
o (Tr [AL (A 1] 2+ Tr [Ag (A) T]?)
2 (Te[ARAR] T [(AR) T (AR)T] + Te[ALAL T [(A0) (A1) ])
o3 [Ap (An) T| Tr [Ag (AR) ]
o1 (Te[ARAR] T [(An) (A ] + T [AL A T [(AR) T (AR) T])
tar (Te |27 Tr [AL (A1) 1] + T |20 Tr [AR (4R) 1))

o (Te [0 Tr [Ap (A) T] + Tr [818] T [, (A1) 1]
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T [@T }Tr [AR AR) ]+Tr [@T@} Tr [AL (AL)TD

o3 (Tr N ANAY AL) | + Tr ‘PT@AR(AR) ]

B ( )

Bo (ﬁ BARP! AL)T +Tr :@AL@(AR) T:
( )

B3

The Yukawa sector describes interaction between the fermion and scalar
sectors. It consists of both the Dirac-like and Majorana-like terms. It is
interesting to note that there is no interaction between the quarks and the
triplet scalars

- -

+

( /)
Tr QSARQST (Ap)T] + T _@TALds(AR) )
( )

_l’_

Tr @TALQS(AR ] 4 T [ AR (AL)T-) . (5)

Ly = —{y, L®Lp+3, LidLn+he )}
- {quLQSQR + quLQNSQR + h.C.}
“Yu {LgCiTZALLL + LECZ'TQARLR + h.C.}. (6)

2.2. Symmetry breaking in MLRSM

Symmetry breaking occurs in two steps with SU(2)gxU(1)p—r — U(1)y
occurring first, followed by SU(2)z, x U(1)y — U(1)em. During the course of
these events, the neutral scalars encapsulated within the multiplets acquire
vacuum expectation values (vevs) and fluctuations around the vevs can be
represented as

P — ((K1+h1+ia1)/\/§ ¢1+ )
Oy (Ko + ho +ias)/V2
B 5+/\@ §t+
Arr = ((v +60 %) /v2 =5t /\/§> LR ")

2.3. Gauge boson mass spectrum

The charged and neutral gauge boson mass matrices have the forms

2 /K2 4+ 202 — 21k
ity = 4 (g ). ®

4 \ —2K1K9 /ii + 21}%
297 (5L + o) — 39°K% ~ 299v}
mg = = —39%K% 397 (k1 + 40}) — 2ggv% . (9)

—2gng — 29@2}% 2G> (v% + v%%)
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Here, k3 = k% £ x3. To find the physical basis corresponding to SU(2)z g,
U(1)p—1. gauge bosons, we need to diagonalize the mass matrices. The fol-
lowing rotation matrices connect the physical (charged: WIjE " VV2jE # neutral:
zt', ZE, A*), and unphysical basis of gauge bosons

W.U« ZM
W:I:u W:I:u 3L 1
R 2 BH AH

+p 1 1 ex 20 . . .
Here, WL,R =7 <WL’R F 1WL7R . The rotation matrices are given as

R :( c0§§ sinﬁ)

—siné cos&

cos Oy cos 02 cos Oy sin O2 sin Oy
Rp=| —sin by sin 01 cos Oz —cos 1 sinfa  — sin Oy sin 01 sin Oz +cos 01 cos b2 cos Oy sin 01
— sin Oy cos 01 cos @2 +sinf1 sinfls — sin Oy cos 67 sin O3 —sin 61 cos B2 cos Oy cos H1
(11)

The angles &, Oy, 01, and 62 can be described in terms of the model param-
eters as

\V/cos 20y . e
cost)h) = ———, sin f1 = tan Oy, = — s
cos Oy sin Oy
B e —2K1K2 a
= tan2f = ————f5, tan 205 = —, 12
g v/ cos 20y ¢ U% — v% 27 (12)

where

1
a= <4gzni - g%%) v/ cos 20y, (13)

1 1
b= (4g2/<ci sin? Oy + =

1
29211% — 5921)% sin? Oy —

%(g +§%) v, cos 0W> (14)

Note: 6y is the SM weak mixing angle. The physical gauge boson
spectrum can be written as [21-23|

2
g
Mg, = 1 [“++UL+UR3F\/ vh = v7) Jr4’41’42] (15)
1 1
2 2,2 2, =2\ (2 2
MZI’2 = 4g I€++§(Q +g)(vL+vR) cos29W a?+b%.
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3. Effective operators of dimension-6

We had delineated an elegant procedure for constructing higher mass di-
mensional operators in [16]. Treating MLRSM itself as an effective theory
in [22|, we then utilized the method to explicitly construct and classify a
complete set of independent operators of mass dimension-6.

The basis of operators can be broadly subdivided into the following eight
classes at mass dimension-6:

¢, X, ¢*X*, ¢'D?, ¢P’D, X, 0, ¢l (17)

The impact of the operators of each class on the mass spectra, low-energy
observables, and their contribution to rare processes has been discussed in
meticulous detail in [22]|. In this article, however, we devote our attention
to a specific subset of the $?X? class of operators and study how these op-
erators necessitate the re-definition of gauge bosons and ultimately offer A2
suppressed corrections to observables such as the weak mixing angle (fy),
p-parameter, the Fermi constant (Gr), and the oblique (S,T,U) parame-
ters |24].

We also work within the approximation that vg > v, K12, which means
we will only treat vp as non-zero, while setting all other vacuum expectation
values to zero. With this in mind, the relevant dimension-6 operators of the
#?X? class are the following:

O NVEWE e [ALARW L, W], ORIV EWE T [ AL AW, W] |
ORWEWE T [AgWi ALWE] Oy 5 Te[ALWAEY Ag] B,
ORn - Tr[AL Ag] B, B* . (18)

In the above equation, the naming scheme for the operators and the
corresponding Wilson coefficients have been borrowed from Ref. [22]. Since

the operators contain a trace over the matrix product of Az g, ATL g and
Wi, g fields, the symbols in the superscript describe the order in which the
2 x 2 matrices appear in the product. More specifically, R is a mnemonic for
A}r%, whereas r represents Ag, with W, or Wg referring to the gauge boson
involved in the operator. If the operator involves a B,,,, we add no symbol
for that, since it is not a 2 x 2 matrix. The subscript highlights the scalar
and the gauge boson involved in the operator, this was important because
in |22], we had additional operators involving the scalar bidoublet .
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3.1. Gauge field redefinitions due to $*>X? operators

The gauge kinetic terms, Eq. (1), get modified in the presence of ¢?X?
operators as

20w n
(4)+(6) - _ 1-— LL 0 MW
£gauge kin — (aMWLu 8MWR1/) ( A 20wy, aNlerV
0 1-— e R
0 War,\ " [1— 2 0 0 or
) 8MW331, 0 1— 295112233 _2@353 8“W§’R
8uBu 0 29/:;)}?3 1— % o* BY

Here, the parameters are given as

RrwL W RrWRW. RWrrW.

Oy, = VHCAW VP Osran = v (CRR T — Ve
RrWrW.

Owpp = RC RUR, O3srp = 2URCAWRBa
ReWL W, 2

Osr3r, = VECa b1 F Opp = vECRE . (19)

The C;s are Wilson coefficients corresponding to the operators listed in
Eq. (18). The redefined gauge fields are written as

e e &
+ Wrr + 3R3R 3RB "
Wit — (1+ NE )WL“, Wiy — (1+ e )W;R YE B,
e e O:
i o (14 Qe e (10222 ) e s S,
&
W (1+ ?’ALQ?’L)W;L. (20)

4. Impact on low-energy observables

In Table 1, we show the observables we aim to study within our effective
operators framework. Their exact dependence on the leading A scale is given
in the formulas gathered below.

4.1. Weak mixing angle

The weak mixing angle 6y is measured using low-energy data of nucleon—
neutrino scattering — scattering driven by charged and neutral currents.
One can define R as [25]

R O.VNC _ O.DNC
R = 5vCC _ 57CC ° (21)
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Table 1. Low-energy observables and their origin in effective Lagrangian influenced
by $2X? operators.

Observables Contributing terms
0W7 ng P Liin (w;A;L)
Oblique parameters (S, T,U) | £5" (4],) + El(;in (¢/,Al) + 4z > X2

This can be recast in terms of the weak mixing angle [25]

~ 1 _
R= 3 sin? O, . (22)
To examine the o”("NC and ¢¥()CC _ cross sections of neutrino (anti-

neutrino)-nucleon scattering through neutral (NC) and charged (CC) cur-
rents, the effective NC and CC Lagrangians must be defined.
Lagrangian containing charged current interactions is

2
g 1,2
ﬁuQ > 2M2 eLfY‘uVL < (eu)L*(ud) ury Hdp + 6(6V)L*(ud)RuR’y#dR> the.
(23)
1,2 12 12 1,2 1,2 1,2 .
Here, €00 study, = €y S, 209 v patudre = Cen)y * C(ud)n VI
Ow . Ow
6%6V)L’ E%Ud)L = COS& <1 + AQLL) ’ e%eu)L’ E?ud)L = Slné (1 + AQLL) 5
) Ow Ow
6%61’)12’ G%Ud)R = —sing (1 + A§R> ? 6%61/)12’ 6%Ud)R = cos (1 + A§R> :
(24)
Lagrangian containing neutral current interactions is
2
Ly J vyt

4c0320 /\/lZ12

12 3 12 7
X < ,}LQ*uLUL’y“uL+§VL*URUR’V“UR+CVL*C¢LdL’Y“dLJrC,,L*deR’Y”dR) -(25)

Here, CVL*f 1’L2 . CLZ, with f € {ur,ug,dr,dr} and
C}L = -a{ cos t + bé Sin@g] ) f=veu,d,
C}R = _a{% cos by + b{% sin 92} , f=eu,d,
CJ%L = -aé sin @y — b{ cos 92] , f=veu,d,
C]%R = _a{% sin @y — bﬁ; cos 92} , f=eud. (26)
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The “a” and “b” parameters can be factored into parts derived from the
renormahzable Lagrangian and those derived from the effective Lagrangian
as follows:

o= (od), |1 ()] = (), [ ()]
dh= (o), e (eh) ] k= (), [ Oh),] em

(09) o = = (44" + A1) sinon
tree
20w
%) < AL feos oy + ASR D > 28
()., Veos 2+ A .
( f) ATE cot? Oy O35, — ALE (\/50’38%9333 + @BB) (20)
a = ’
L) ot A{L cot? Oy — A§L
cos 260
(b{)eﬂr =0Opp — mef‘)RB ) (30)
(aé) eff -
AR (O3 psr+csc Oy v/cos 20 Ozpp ) + A5 (\/%%@31%34_@33) (31)
A{R i AgR ’
(h) - AR (—\/m Osrsr -+ sin w Osrp)
R o - fR fR sin’9
ft Vieos 20w + Ay St
+AfR (— sin Oy Osrp + ;%;ZVW @BB) (32)
—A{" oo 2y + ALl
where
AILR _ i) AILE o Q' —Tipr) ; i=u,d,v,e. (33)

T35, T3R, and ) are quantum numbers of the fermions corresponding to the
SU(2)r, SU(2)R, and U(1)em gauge groups respectively.
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Incorporating all these corrections, we can express R as
2 2
1 2 1 1 2 1

4./\/1%/1/1 ( VL*uL) + ( VL*dL> - (Q-VL*UR) - (gVL*dR>

4 4 2 2
cost Oy M7, (61 ) B (el )

(ve)p*(ud)r, (ve)L*(ud)r
(34)

To express the corrected quantities as a sum of the tree-level result and
a A2 suppressed correction, we express each quantity on the right-hand side
of Eq. (34) in terms of the sum of the tree-level value and the corresponding
correction due to dimension-6 operators.

We must emphasize again that we are only taking into account the impact
of p2X? class of operators and we are using the approximation vp > v, K1,2,
due to which we have set vy, k12 to zero. This allows us to write!

ﬁ:

1 V2 .
M%VI = M{‘}/l [1—1—/127@ , T = M]; g° Owpp sin? ¢,
Wi
2 2 1 vk (1) (2) (3)
Mz, =Mz, 1+P Iy, T>= ViR (t Opp+t'7O3rp+t 93R3R) :
Al
(35)
where
t(l) = _gg f2(0W7 91, 02) + 2§2 f3(9Wa 017 92) ;
t@ = —2g5 (f1(Ow,01,02) + f3(Ow,01,02)+(9° + 5°) fo(Ow,01,62),
t® = 2% f1(Ow, 01,02) — g3 f2(Ow, 01, 02) . (36)
Here, f;(Ow,01,02) are trigonometric functions given as
1
f1(8w,01,62) = cos® 0y sin? 6y + 2 sin Oy sin 267 sin 209
+ sin? Ow sin? 61 cos® 5 ,
fo(Ow,01,02) = —sin26, sin? 6y + sin By cos 26, sin 265
+ sin? Oy sin 264 cos? 0 ,
1
f3(Ow,01,02) = sin” 0y sin? 6y — 5 sin Oy sin 207 sin 209
+sin? Oy cos? 01 cos? s .
(37)

! The full expressions for each of the above quantities taking into account the effect
of all dimension-6 operators and also using non-zero vy, k1,2 have been discussed in
great detail in [22]. In a full analysis, the angles £ and 62 also receive corrections due
to the inclusion of dimension-6 operators, but those corrections are further weighted

by a factor of %, hence we have ignored them here.
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For the term inside [- - -] on the right-hand side of Eq. (34), the denominator
can be recast into

2 2 T
1 1 2 3
(E(Ve)L*(ud)L) — (ﬁ(ye)L*(ud)R) = COS 5 COS 25 |:1 + /12:| 5 (38)
with
[ 1+2cos2¢ _ 1 — cos2¢
Ts = < cos 2€ ) Ows ( 2 cos 2¢ ) Wi (39)

To simplify the numerator, we first substitute Eq. (27) into Eq. (26) to
rewrite

1
C}L = (C}L)tree + F (C}L)eﬂ' ) (40)

where

1 _ f :
(CfL’R)tree - (aL’R) tree cos 92 * (bL’R) tree St 927
1 _ f ! :
(CfL’R>eﬂ = (aL,R) g &% 02 + (bL,R) g o 0o . (41)

After some simplification, we can rewrite

(CgL*uL)Q + (Cl}L*dL)z - (CgL*uR)Q - (CiL*dR)Q =

(€ [0 (€)= (€)= (5] [14 5] - 2

with

), (Gl ()~ dea = (),
G )ie ()2t (Gh): .~ (@) (),

tree

Ty =2

Substituting Egs. (35), (38), and (42) into Eq. (34), we can express R as a
sum of the tree-level value and a A2 suppressed correction as follows:

= 1,77 1,172 I 1
1
2R><|:1+A2(2T1—2T2—T3+T4):| . (44)

The term inside the parenthesis can ultimately be expressed as a function of
Wilson coefficients. From this, we can obtain the expression for the corrected
weak mixing angle as

_ 1 =~ 1 T5 15
.9
sin” 0,, = §—R: (2—R) [1—&—/12} = sin® Oy [1—}—/12] . (45)

Here, Ts = —R csc? Oy (2T — 2T — T3 + Ty).
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4.2. Fermi constant
9> [1ﬁ Ll }
W2 M3, Lo T Qe
e Tt
ngP+-Z}}[1+ﬂ
@WLL - Tl
A2 ’

(GF)prr =

4.3. p parameter
- My,
./\/IQZ1 (1 — sin? GW)

1 1 -1 tan? Oy !

1

p X [14—

1
AQ(T&—J&+tmﬁewzgﬂ. (47)

4.4. Oblique parameters

The two-point vector boson correlation functions are [24, 26, 27|

174

S : ptp” P
ZH%Vj (p*) =i (g“” - ) Iy, (p*) + (z 2 terms) , (48)

where V; € {W1, Wy, W3, B} or {W, Z,~} (unphysical or physical basis) and
p is the external momentum. Here, v represents the photon field A,.

Expanding Ily,v, (p?) as a polynomial in external momentum (p?)
[24, 26, 27],

vy, (p*) = [Ho + Iop* + " + 0 (p°)] Vv, (49)

Oblique parameters S, T, U encapsulate the radiative corrections to the
tree-level correlation functions [24]. These can be defined in both unphysical
and physical gauge boson basis as [24, 26-28§]
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4 cos Oy sin Oy

§ = 2 I 5 0)
4 cos? Oy sin® 0
= — mMQ/a W |:HZZ (mQZ) — sz(()) — H’Y'Y (’ITL2Z)
A

cos? Oy — sin? Oy (

cos Oy sin Oy Iz (m7z) = HVZ(O))} , (50)

1
T = pey (ITw,w, (0) — Iw,w, (0))
_ l HWW(O) . sz(()) . 2SiH0anyz(O)

o m%v m2Z cos@WmQZ ’
HI//V1W1 (0) - H{/V3W3 (0))
74sin2 Ow | [ Hww (m3y,) — ww (0)
o mé,
17 2\ — 11 0
costoy ( 72 (m) Mz >>

(51)

4 sin? Oy (

2
my

11 2)—II,7(0 11 2
—2cos Oy sin Oy ( vZ (mZ)2 WZ( )) _sin2 GWM

mz
where o = €2 /47 is the fine-structure constant.

Here, for unphysical basis

dIly,y,
H(/z'Vj(O) = dp2 :

) HW1W1 (p2) = HWQWQ (pZ) )

p?=0

and for physical basis, we have

Iy, (0) = (HV"VJ‘ ") - HWVJ(0)>

p2

> me) - HvZ(O) =0.
p?=0

Through the redefinition of gauge fields, the ¢?X? operators provide
contributions to the oblique parameters. In the unphysical basis, we compute

]
Iy, wy, (pQ) = p2 (1 + 2/1/;/2LL> ) (53)

e 1
HWRWR (p2) = p2 (]. + 2 Z;R> + pg2U%9WRR7 (54)
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O313L
A2 ’

HWSLWBL (p2) = p2 <1 +2 (55)

) 202 -
Ow,owyn (P°) = p° (1 +2 %SR) + /Tf (9°©3r3r — 95O3rEB) , (56)

e
2 2Y3RB ~ 2
Hw,., (p°) = p T 99k

2

A2

(9993R3R O3RrB <g +(9) >+9§@BB) ,(57)
~ 2
Ipg (p*) = ggvg — A2 2 (2903rB — 2G608B) - (58)

Using the rotation matrices R,p, see Eq. (11), we can define these
ITy,v,(p*) in the physical basis as follows:

2 2
IIvwywy, = Hwyw, (Rclll) + HWRWR (Rgl)
Iw,w, = HWLWLRtlll ‘112 + HWRWRRgleQ )
HW2W2 = HWLWL (R(ll2)2 + HWRWR (R%2)2 )

2 2
HZ1Z1 = Illpp (Rgl) +HW3LW3L (Rlil) +2HW3RBRgIRg1
b\ 2
+HW3RW3R <R21> )
II — s (R 111 r )+ om RS, RS
ZaZy — BB 32 ) T Hwy sy 12) + W3rB/%v22/%39
b\ 2
+HW3RW3R <R22) )
II = IIppR4 RS, + IT RO RY, + IT RS, RS, + RS, RS
Z12y = HUBBR31R39 + Lwyws R11Rio + Hwyp | Ko1R3o + Rog'K3q
+ HWSRWSRR21R22a
2
1y, = Ipp (R33> + s ws,, (les) + 2, , 5 R33 R
2
HW3RW3R (Rgd> )
IIppRY R + IT RO RY, + IT R RS, + RERE
BBR31 K33 + Hwy ws, K11 K3 + HwypB | Ko1'K3z + RozKag
+ HWSRW3RRgle3a
b b b b b b b b
IIz,, = IIpR3oR33 + Iw,,ws, RiaRis + Hw, b <R22R33+R23R32>
+ HW3RW3RR32R23' (59)

The oblique parameters (S,7,U) for MLRSM-EFT can be constructed by
substituting Eq. (59) into Egs. (50), (51), (52).
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5. Conclusions

In this article, we have considered the MLRSM as an effective theory.
Instead of studying the impact of the full dimension-6 effective operator
basis on the mass spectra and observables, we have focused on a subset
of the ¢?X? class of operators. We have computed the corrected values
of low energy observables such as p, Gr, O, oblique parameters (S, 7, U).
Working under the assumption that the right-handed symmetry breaking
scale is larger than the electroweak ones, i.e., vg > K12, v, we have noted
that only five operators belonging to the ¢?X? class are relevant. We have
invoked symmetry breaking in a cascade and computed the spectrum and
modifications in the renormalized vertices due to these effective operators.
Employing that, we have calculated the corrections to our chosen set of
observables, up to 1/A42.

Our further aim is to perform a fitting to adjudge the allowed ranges of
Wilson coefficients associated with the considered relevant effective opera-
tors.

The research has been co-financed by the Polish National Agency for
Academic Exchange and DST/INT-POL-P-53/2020.
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