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Abstract We derive the vacuum stability conditions for a
left-right-symmetric potential more general than originally
considered.

Addendum to: Eur. Phys. J. C
https://doi.org/10.1140/epjc/s10052-021-09746-w

In the original text, the left-right-symmetric potential consid-
ered was not the most general one allowed by the symmetry.
While correct bounded-from-below conditions were derived
for the considered potential, the most general potential is
more complicated and only necessary or sufficient conditions
can be derived with reasonable ease.

The quadratic and cubic parts of the potential are
unchanged (and irrelevant to deriving vacuum stability con-
ditions in the limit of large field values). The most general
quartic potential' reads
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! Notice that we have changed Mp LR ™ LpL,R with respect to the
original in order to have a more uniform and logical notation with the
added interaction terms.

The original article can be found online at https://doi.org/10.1140/
epjc/s10052-021-09746-w.
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Altogether, the quartic potential (1) is then, in terms of the
lightcone variables, given by
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where the tensor A, is given by Eq. (70) of the original and

A = Gaor + porhpy + Porrpr, 2kar, 0), 3)
ARy = (AoR + PoRMp g + P RMp > 2A0R, 0). 4)

We use the parametrisation qu)cp*HL = p¢>Lr0|HL |2 and
Hi® @ Hg = porrC|Hg|? with 0 < pyr, ppr < 1 for the
Ay and Al p terms, and a similar parametrisation with PoL
and pg g for the A7y, and 1) , terms. In fact, it is easy to see,
considering a basis where the bidoublet @ is diagonal, that

porL +por =1,  por+ por =1, )

while pg; and pgr are independent of each other. In addi-
tion, physical values for pgpy g are within the ellipse given
by

r 2 )
— ) +Qporr— 1" =1 (6)
ro

illustrated in Fig. 1.

In order to derive vacuum stability conditions for the
potential (2), we follow the procedure of Section 3.2 of the
original. First of all, we minimise the potential with respect to
r2, ineffect substituting oo = A; — A1+(A3—212)0 QA2 —
A)and A =2 +A3 — 200+ A3—(A3—212)0(2A2 —A3).

Due to the non-trivial dependency on pg; and pgg in
Eq. (6), derivation of the full necessary and sufficient vacuum
stability conditions becomes very complicated. It is straight-
forward, however, to write down some necessary or sufficient
conditions. Because the potential depends on pg 1, g linearly,
it is minimised when these parameters take extremal values
on the boundary of the ellipse (6).
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Fig. 1 Orbit space relation between pgy and ry/rg. A similar param-
eter space is available for pgg vs. r1/ro. Considering the green points
yields simplest necessary conditions and considering the red lines suf-
ficient conditions for vacuum stability

First of all, if we set r! to zero, then PoL.R can vary

in their whole ranges. Since r% > 0, we can immediately
use copositivity constraints in the (r°, |Hy |?, |Hg|?) basis.
Similarly, if we set r! = 49 we can set Pl = por = 1/2
and do the same. Together, these choices correspond to the
green points at the ends of the semiaxes of the ellipse in Fig. 1.
In fact, we can set ' = 4kr? to get a necessary condition for
po1, and pg g on the boundaries of the ellipse for a constant
k. The above two choices correspond to k = O and k = 1,
respectively. The coupling matrix in the (*°, |Hy |2, |Hg|?)
basis is given by
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where

Ao = A1+ (1 —kH) (3 — 242)0(202 — A3)

+k* (20 + 23) £ 2kAs, ®)
Ao = oL +ApppoL + Ap (1= por) £2kker.  (9)
ARO = AoR + MprPor + Apr(l — por) £ 2kAor, (10)

where we have taken into account the relations (5) to substi-
tute for pp 7, and pgp g. We must separately consider the four
combinations of signs in the solution to Eq. (6),

1 1
poL = E(livl—kZ), POR = E(livl—k%, (11)

in addition to the two signs of +k.
The resulting necessary conditions for the left-right sym-
metric scalar potential with a bidoublet and left and right

@ Springer

doublets, for given k, are

AL >0,
Ar >0,
Aoo > 0,

- 1

ALR = EKLR +VALAR >0,

_ 1

ALo = z)»Lo + VAL oo > 0, (12)

- 1
ARO = E)LRO + v/ ArAoo > 0,
VALARMO + ALRV A00 + ALOV AR
+ArovAL +/2hLrAL0ARO > O.

By considering the conditions (12) for several values for k €
[0, 1] (in addition to those given by the green points), we can
approximate the true necessary and sufficient conditions to
arbitrary precision.

Alternatively, we write down the quartic couplings in the
basis (%, r1, |Hz |2, |Hg|?) and rotate the 1+1 forward light-
cone LCT into the non-negative quadrant R%_ of the rOr!-
plane. The resulting orbit space is the non-negative orthant
Ri and therefore we can apply copositivity (Ref. [29] of the
original) to the obtained quartic coupling matrix, given by
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where we have taken into account the relations (5) to sub-
stitute for pgp; and per. We must consider all combina-
tions of values (por, por) = (0,0), (1,0), (0, 1), (1, 1).
The resulting sufficient vacuum stability conditions for the
left-right symmetric scalar potential with a bidoublet and left
and right doublets are given by

AL >0, A>0, A_>0, Ay >0,

- 1
ALR = E)»LR +VALAR >0,

Fio= i 4D >0

Ay = %KH +VALhy >0,

AR = %AR_ +VARA= > 0,

ARy = %)\IH- +y/Aghy >0,

Ay = %AJF +VA_Aigp >0,
\/W-F)»LR\/Z'F)»L—\/E @D

FAR—v/AL + V2ALRAL- )R- > 0,
VALARAL + )»LR\/H + )»L+m

Fhriv/ AL + V2ALRAL4 AR > 0,
VALA AL F A/ Apr F A/ A

—}—)\.:F\/)TL—‘,- v/ 2)_\.L7)_\.L+)_\.:F > 0,
VARM g + AR hp 4 AR A

FAxVAR + 4/ 2)_LR_)_»R+X¢ > 0,

det(A) > 0 Vv some element(s) of adj(A) < O,

where the last condition, obtained from the Cottle—Habetler—
Lemke theorem (Ref. [31] of the original), is not given in
full. The adjugate adj(A) of a matrix A is the transpose of
the cofactor matrix of A. It is defined through the relation
Aadj(A) =det(A)I.

Since the sufficient conditions (21) may exclude an unnec-
essarily large part of parameter space, it may be preferable to
use the conditions (12) for a number of different values for
k € [0, 1].

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adaptation,
distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indi-
cated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permit-
ted use, you will need to obtain permission directly from the copy-
right holder. To view a copy of this licence, visit http://creativecomm
ons.org/licenses/by/4.0/.

Funded by SCOAP?.

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Addendum to: Vacuum stability conditions and potential minima for a matrix representation in lightcone orbit space
	Abstract 
	Addendum to: Eur. Phys. J. C  https://doi.org/10.1140/epjc/s10052-021-09746-w




