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The LHC Higgs data are showing a gradual inclination towards the standard model (SM) result, and
realization of a SM-like limit becomes essential for beyond the SM scenarios to survive. Considering the
accuracy that can be achieved in future colliders, models beyond the standard model that acquire the
alignment limit with a SM-like Higgs boson can surpass others in the long run. Using a convenient
parametrization, we demonstrate that the alignment limit for CP-conserving three Higgs-doublet models
takes on the same analytic structure as that in the case of two Higgs-doublet models. Using the example of a
Z3-symmetric three Higgs-doublet model, we illustrate how such alignment conditions can be efficiently
implemented for numerical analysis in a realistic scenario.

DOI: 10.1103/PhysRevD.100.035021

I. INTRODUCTION

In the post-Higgs discovery era, the absence of any direct
sign of new physics (NP) at the LHC has already kept many
beyond the Standard Model (BSM) scenarios at bay. An
alternative way to find hints for NP is to look for deviations
of Higgs couplings from their corresponding Standard
Model (SM) predictions. However, since the discovery
of the Higgs boson, the LHC Higgs data have been
gradually drifting towards the SM expectations. In fact,
deviations in the observed Higgs signal strengths from their
respective SM values seem to have been significantly
reduced with the increased sensitivity at the LHC Run II
[1,2]. But it is still possible for BSM scenarios to be hiding
behind the curtain, camouflaging themselves with a SM-
like Higgs. Thus, in anticipation that the LHC Higgs data
will continue to incline towards the SM expectations with
increasing accuracy, those BSM scenarios which can
deliver a SM-like Higgs in a certain alignment limit will
have an upper hand in the future survival race. In this paper,
we uphold the three Higgs-doublet models (3HDMs) as
potential candidates for such BSM scenarios.

Adding replicas of the SM Higgs doublet constitutes one
of the simplest ways to extend the SM because such
extensions do not alter the tree-level value of the
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electroweak (EW) p-parameter. A lot of attention has
already been given to the two Higgs-doublet models
(2HDMs) [3,4] where the scalar sector of the SM is
extended by an additional Higgs doublet. In a next step,
recent years have seen a growing interest in the topic of
3HDMs [5-28] where two additional Higgs doublets are
added to the SM scalar sector. Therefore, 3HDMs conform
to the aesthetic appeal of having three generations of scalars
on footing equal to three fermionic generations in the SM
[29]. In such models, the 125 GeV scalar observed at the
LHC is only the first to appear in a series of many others to
follow. Evidently, the rich scalar spectrum of the 3HDM
must contain one physical scalar having properties similar
to those of the SM Higgs boson, which can serve as a
competent candidate for the 125 GeV scalar. The limit in
which the lightest CP-even scalar possesses SM-like tree-
level couplings with the fermions and the vector bosons is
usually dubbed the alignment limit. In the case of 2HDMs,
the analytic condition for alignment is well known [30-32],
and it has been very useful in analyzing 2HDMs in light of
the Higgs data [33-42]. However, in the case of multiple
Higgs-doublet models with more than two Higgs doublets,
although the general recipe for obtaining alignment has
been studied earlier in the literature [17,24,43], analytic
expressions suitable for practical use are currently lacking.
In this paper, we attempt to find the conditions for align-
ment in 3HDMs, in a simple form that can be easily
implemented in practical models to investigate several
aspects of 3HDMs. In fact, using a convenient parametri-
zation for CP-conserving 3HDMs, we will demonstrate
that the requirement of a SM-like Higgs results in simple
equations which resemble very much the alignment con-
dition in CP-conserving 2HDMs.
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Our paper will be organized as follows. In Sec. II, we
will briefly revisit the general prescription for obtaining
a SM-like Higgs in multiple Higgs-doublet models. Then,
we will use this to recover the alignment limit in 2HDMs
and extend the idea to the case of 3HDMs. In Sec. III, we
will illustrate how our results of Sec. II can substantially
simplify the analysis of a CP-conserving 3HDM. Finally,
our findings will be summarized in Sec. IV.

II. ALIGNMENT LIMIT

As mentioned earlier, the alignment limit is defined as
the set of conditions under which the lightest CP-even
scalar mimics the SM Higgs by possessing SM-like gauge
and Yukawa couplings at the tree level. To illustrate how
such a limit can be reached in a multiple Higgs-doublet
scenario, let us consider a general n Higgs-doublet model
(nHDM) where the kth doublet is expanded in terms of its
component fields as follows:

= WZ— = n).
br <(hk+izk)/ﬁ>’ (k=1,2,....n). (1)

Under the assumption that all the parameters in the ntHDM
scalar potential are real, there will be no mass mixing
between the h; and the z; fields. Denoting by (¢;) =
vi/V/2 the vacuum expectation value (VEV) for ¢, after
spontaneous symmetry breaking, the total EW VEV, v, can
be identified as

2= "} = (246 GeV). (2)
k=1

To gain some intuitive insight into the alignment limit of an
nHDM, it is instructive to take a closer look at the scalar
kinetic Lagrangian which contains the following trilinear
couplings,

n g2 B n
Lin =) IDubpi* 2 ?W;W” > v
P k=1

2 n
g°v - 1
= Wiw (;kahk), (3)
k=1

where g stands for the SU(2), gauge coupling. Clearly, the
combination,

1 n
Hy :—Z vihy, (4)
Vi

will resemble to the SM Higgs boson in its tree-level gauge
couplings. It is also not very difficult to show that H, will
have SM-like Yukawa couplings, too [17]. However, this
state H,, in general, is not guaranteed to be a physical

eigenstate. Therefore, the alignment limit will emerge as
the limit when H, aligns itself completely with the lightest
CP-even physical scalar (k) in the spectrum.

A. Alignment in 2HDM

To begin with, let us apply the result of the previous
section to retrieve the alignment limit in the 2HDM case.
Following the definition in Eq. (4), the state H, and its
orthogonal combination, R, can be obtained by the follow-

ing orthogonal rotation,
sin 3 hy
JG)- e
cos f h,

()=o) = (S
R hy —sinf

where tan § = v,/v,. On the other hand, the physical mass
eigenstates, & and H, are extracted using another orthogo-
nal rotation characterized by the angle, a, as follows:

() =)= (S0 ) ()

Inverting Eq. (5) and then plugging it on the right-hand side
of Eq. (6), we can write

() =00i(y)
_(cmw—m

—mw—m‘iﬁig><?>-@

Thus, & will completely overlap with H if
cos(a—p)=1=a=p, (8)
which defines the alignment limit in 2HDMs.!
B. Alignment in 3HDM

In the case of 3HDMs, let us first parametrize the VEVs
as follows:

v = vcos f cos B,

U3 =0 Sinﬂz. (9)

vy = vsin ff; cos f,,

Thus, the analogue of Eq. (5) for the 3HDM will read

"Tn a more conventional setup, the definition of « differs from
our definition by z/2 so that the alignment condition reads
cos(a—f5) = 0.
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H, hy
Ry | =0 hy
Ry h
cos f3, cos f;
= —sin
—cos f; sin f,
hy
x| hy |. (10)
hy

cosfrsinff;  sinf,
cos f} 0

—sinf; sinf, cosp,

Note that the first row of Oy in the above equation is
motivated from Eq. (4) but the choices for the second and
the third rows are not unique. Our analysis does not depend
on these choices. Next, in analogy with Eq. (6), O, will
now be a 3 x 3 orthogonal matrix, which takes us to the
physical basis, (hHH,)". Therefore, we can decompose
O, as follows,

O(z:R3‘R2'R1’ (113)
where
cosa; sina; O
Ry=| —sina; cosa; O |,
0 0 1
cosa, 0 sina,
Rz - O 1 0 )
—sina, 0 cosa,
1 0 0
R3=1|0 cosa; sinaz (11b)
0 —sinaz cosoy
Now, similar to Eq. (7), we can write
h H°
H |=0,- (f)/f R, (12)
H, Ry

in the case of 3HDMs. For the convenience of notation in
our analysis of 3HDMs, we introduce the matrix

OEOa'OﬁT, (13)

where Oy and O, have been defined in Egs. (10) and (11),
respectively. Thus, for 4 to overlap completely with H, we
must require

011 - 1, (14)

Note that Eq. (14) will automatically ensure O, = O, =
O3 = 031 = 0 due to the orthogonality of O.

which can be expressed as
cosa, cos fir cos(a; — f1) +sinay sinf, = 1. (15)

After some simple trigonometric manipulations, the above
condition can be recast in the following form,

. (a1 =P a+ A\ |?
{sm( . >cos <T )]
a =P\ . [(—=Pp\]? o
+ |:COS(T> sm(T)] =0, (16)
which implies
sin <a1 _ﬁ1> cos <a2 +ﬂ2> =0
2 2 ’

a =P\ . (=P o
and, cos( 5 )sm( 7 )—0. (17b)

These conditions together define the alignment limit for a
CP-conserving 3HDM. One can easily check that the
conditions of Eq. (17) admit the following two possibilities:

(17a)

a = f, (18)

(Zzzﬂ—ﬂz. (19)

a = P
or, oy =xn+pf;

But, using Eq. (13), it can be verified that choosing
condition (19) instead of condition (18) only amounts to
redefinitions of the physical fields H; and H, as
H - -H,, and H, —» —H,, (20)

which are physically equivalent. Therefore, we choose
condition (18) as the definition of the alignment limit in
3HDMs, which, when compared with Eq. (7), looks very
similar to the 2HDM case.

In passing, we note that Eq. (15) can be trivially satisfied
in the limit sina, = sin §, ~ 1, which, in view of Eq. (9),
corresponds to the situation where ¢; acquires the entire
EW VEV and consequently ¢; and ¢, are rendered (almost)
inert. However, barring such extreme VEV hierarchies,
Eq. (18) must be obeyed so that a SM-like Higgs may
emerge from the 3HDM scalar spectrum.

III. EXAMPLE: 3HDM WITH Z; SYMMETRY

At this point, it is reasonable to ask how close we need to
be to the alignment limit in view of the current Higgs data.
To analyze this, we proceed by defining the Higgs coupling
modifiers as

YGhxx
T )™ @
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measurements of «,. The darker and lighter shades represent 1o and 20 allowed regions, respectively. While extracting the bound using
the projected accuracies at the high luminosity large hadron collider and the international linear collider, the central values for all the «,

are assumed to be unity, i.e., consistent with the SM.

where x stands for the massive fermions and vector bosons.
Keeping in mind that among H,, R;, and R, in Eq. (12)
only H, possesses trilinear coupling of the form Hy,VV
(V=W, Z), we conclude

ky = O = cos a, cos f, cos(a; — 1) + sina, sin f3,.

(22)
To obtain the fermionic coupling modifiers, we need to
know how the Higgs doublets couple to the fermions. For
this, we consider the example of a Z; symmetric 3HDM, in

which the scalar doublets ¢; and ¢, transform nontrivially
as follows,

¢ — oy, hr — 6024152,

where @ = ¢*"/3. Furthermore, some of the right-handed
fermionic fields transform under Z; as follows,

(23)

dr = wdg, Cr = 0*Cp, (24)
where dy and ¢ denote the right-handed down type quarks
and charged leptons, respectively. The rest of the fields in
the theory are assumed to remain unaffected under Z;. With
these charge assignments, ¢b; and ¢», will be responsible for
masses of the up and down type quarks, respectively,
whereas ¢; will give masses to the charged leptons.
Consequently, the fermionic coupling modifiers will be
given by

|

sin o

== 25
= Sing, (252)
sin @ oS Ay
=__— " = 25b
Ka sin | cos f35 (25)
COS ( COS @y (25¢)
=—= c

Ky =
“ 7 cos By cosfy’

all of which, as expected, approach unity in the alignment
limit defined by Eq. (18).

To provide a quantitative estimate of how close we need
to be to the alignment limit, we perform a random scan over
the following parameters:

(26)

T T
ap, € |—=

275} b1, P € [O,E].

2

The set of points that successfully negotiate the exper-
imental constraints on k, have been plotted in the sin(a; —
p1) — sin(a, — p,) plane as shown in Fig. 1. From Fig. 1, it
is evident that as the Higgs data converge towards the SM
expectations with increasing accuracy we are pushed closer
to the alignment limit.

To illustrate further the usefulness of the alignment
conditions given in Eq. (18), let us start by writing the
scalar potential for the Z;-symmetric 3HDM [24]:

V= m}, (¢¢h)) + mdy(dhhy) + m(d5hs) + 21 (hh1)> + Ao (@iha)? + A3(dihs)’
+ 24 (1) (Paha) + 25 (1)) (Bhs) + A6 (hheha) (Dh3)
+ 27 () (P31 + 25 (] h3) (B5h1) + Ao (hheps) (hha)

+ [ho(pjdn) (dids) + 111(¢i¢2)(¢§¢2) + 2 (@] 0h3) (3hs) + Hel.

(27)
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We assume that all the parameters in the scalar potential
are real. Now, let us ask how one can find a suitable set
of values for the potential parameters, which is compat-
ible with a 125 GeV Higgs having SM-like properties.
The usual procedure involves a random scan over the
parameter space and selecting those which satisfy the
condition of a SM-like Higgs within the experimental
uncertainties. Needless to say, such a brute force method
is quite inefficient. Therefore, any alternative approach
that can offer a more elegant strategy to recover a SM-
like Higgs boson from the 3HDM scalar potential will be
beneficial for future analyses of 3HDMs in view of the
Higgs data.

To this end, we note that the scalar potential of Eq. (27)
contains 15 parameters. Among them, the bilinear para-
meters m?,, m3,, and m3; can be traded for the three VEVs,
vy, U, and v3, or equivalently », tan $;, and tanf,. The
remaining 12 quartic couplings can be exchanged for seven
physical masses (three CP-even scalars, two CP-odd
scalars, and two pairs of charged scalars) and five mixing
angles (three in the CP-even sector, one in the CP-odd
sector, and one in the charged scalar sector). To demon-
strate this explicitly, let us examine the potential of Eq. (27)
in some more detail.

We start by using the minimization conditions to
trade the bilinear parameters in favor of the VEVs as
follows:

1
mi; = —Avi _5{(/14 + A7)v3 + (A5 + Ag)v3 + 24190203}

VU3

(41102 + A1203), (28a)

Uy

1
m3, = =3 _E{(/14 + A7)vi + (A6 + 49) V3 + 241 vy 03}

U103

(A1ov1 + A1pv3), (28b)

)

1
m3y = A3 —5{(/15 + Ag)v} + (A6 + Ao)v3 + 2415002}

U102

(A1ov1 + A1y v2). (28¢)

— ”
Now, let us investigate the mass matrices in different

sectors.

A. CP-odd scalar sector

The mass term for the pseudoscalar sector can be
extracted from the scalar potential as

|
MZ
Vlzgmss_(zl 22 Za)TP 22 > (29)
<3

where M3 is the 3 x 3 mass matrix, which can be block
diagonalized as follows™:

0
(Bp)? = Op - M3 - O/f =10 (Bhn (Bi)y
0

(30a)
The elements of B2 are given by
(B%)zz - [/110”1(”% + 2”%)2
21}1112(11% + v%)
+ A1102(20F + v3)? + A3 (v — 03)?], (30Db)
(B%’)B R, (=107 (”% + 2”%)
2(vf + v3)
+ A1102(20F + v3) + 24003 (v] —13)],  (30c)
2 v? 2 2
(Bp)sz = 2 (112 n 1)2) [A10vTv2 + A1 0103 + 44150105 03).
3(0] 2

(30d)

The matrix B% can be fully diagonalized using a
orthogonal transformation as follows,

0 o0 0
O, (Bp)?-Of =0 mi 0 |, (3la)
0 0 ms,
where
1 0 0
O, =10 cosy; —siny, (31b)
0 siny; cosy;

This last step of diagonalization will entail the following
relations:

m3,c08%y; + miysin’y; = (B3),,, (32a)
cos yy sinyy (mj, —mgy) = (B3)ss. (32b)
mysin’y; + mi,co8’yy = (Bp)s;. (32¢)

Using Eq. (30), we can now invert Eq. (32) to solve for
Aos 411, and A1, as follows,

*Such a block diagonalization in the pseudoscalar and the
charged scalar sectors is a general property of CP-conserving
3HDM:s.
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2 2
_ zmAl Sop 2sﬁ1 2 + 53,57, €
10 —

992

tan
L+ tan 57 { b _ 2¢cp, cot H
CpCh SBCR SHCHCH sy

2 2
m s Sg. 8 tan
- —A22 {(2@/31 +3) Wy 4P 2tan frc, {—ﬂl
v Cp,Cp, 58,€p, ¢

- 2¢y, cotﬂlﬂ, (33a)

1

2 4cy 2 -3+ 2c
p— ’"_A21 [_ hln 4 ( 2/}')s2},] + 2(cot*B; + cot?f; —2)s4 52 tan ) tanﬂz}
" L spp, S5, Cp,
2 2 2
m dey sy (54 cot*py)
+9—:22 [— . ﬁ'c Ly ; ! 52,55, + 2(cot*fy + cot?f; — 2)sp5 c2 tan By tan f; |, (33b)
P P2 P

m2, [4s,5 c2  4cag 5o 52
/112_361:}12[ ﬂ2] 7 f1°2r, +(C4ﬁ1 _17) 71 :|

53, Sp, S, Cpy
2 2 2
m 45,5 8 4cop s c
36A22 |: 2/;1 71 4 23192y, + (C4/31 _ 17) 71 :|’ (33c)
v 53, Sg, SpiCpy

where s, and ¢, stand for sinx and cos x, respectively.

B. Charged scalar sector

Similar to the pseudoscalar case, the 3 x 3 charged sector mass matrix M% can also be block diagonalized as

0 0 0
(Be)P=04- ME-0F =1 0 (Bg)y (B |- (34a)
0 (B)y (Be)ss
where
(B2 = == [ 10 22 (02 + 0207+ 08) 20y 22 (03 0202 4 o) Ay 2 (0 + )
c)n 202 + ) o, T 1) > oy T ) 1 oy, 1T P2
FAn(0h o+ 3+ aedd + dorted . (34b)
v
(B)as = 202+ 2 [~v103410 + 2110702 + A12v3(v] = v3) = Ag010205 + Agvy 003, (34¢)
1ty
) v? v, 003 5 5
(Be)ss = _2(1;% ) | v Ao + A1 T3 + 20105412 + Agv7 + Agv3]. (34d)

We completely diagonalize the charged scalar mass Thus, we will have the following relations:

matrix as
0 0 0 Mg, €087y + mgysin’yy = (Bg)y, (36a)
O, (B> O =10 mg;, 0 |, (35a)
2 .
00 mg Cos 7y sinyy(m2y —m2,) = (B2)y,  (36b)
where
.o 0 mZsin’y, + mi,co8%y, = (BL)s. (36¢)
On=10 C?s r2 TSy | (35b) These equations in conjunction with Eq. (34) will enable
0 siny, cosy, us to solve for A5, Ag, and Ag as given below,
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o (mg; —mg,) [<_

2 2
me, S2y mey 52y
ﬂg = 7 (—2.5'52 + tanﬁl S—Z - 7 2.6'}%2 + tanﬂl ;2 - /110Sﬂ1 COtﬂ2 - 112 tanﬂl,
2

P

2 2
mey ) me A)
Ao = 2 <25$2 + cot 3 T 72) + > —ZC%2 + cot 3 o 2 - Ar1€p, cot fy — Ajp cotfy,

P

where the other three couplings (4;¢, 411, and 1;,) can be
replaced using Eq. (33).

C. CP-even scalar sector

The mass terms in the neutral scalar sector can be
extracted from the potential as

h
2
VEss = (h hy hs)/\; hy |, (38a)
hy

where M3 is the 3 x 3 symmetric mass matrix of which the
elements are given by

003(V2A11 + V3412)

(Mé)n = 2”%41 - 20, ,

(38b)

v
(M3) 1, = v1(v2(A7 + Ag) + v3d10) + ?3(2”2/111 + v3412),

(38¢)

v
(M3)13 = v1(v3(Ag + As) + vadig) + 72(”2/111 + 203412),

), 4tanp, %} _ (mg; + mzy)
2
Cﬁz tanZ/}l Cﬂz

t t.
> "ﬂu)anﬁz"ﬂn anﬂz’ (37a)
v Spy Cp
(37b)
(37¢)

P

[

v
(M3)3 = v3(02(d6 + Ao) + v1d1n) + 71(2”2/111 + v110),

(38f)

0102(V1 A1 + V241)
21)3 '

(M5)33 = 20343 — (38g)

This mass matrix should be diagonalized via the following
orthogonal transformation,

m: 0 0
Op M-OF=| 0 m3y 0 [, (39)

0 0 m},

where O, has already been defined in Eq. (11). Inverting
the above Eq. (39), we get

Mi=OL-1 0 m34, 0 | -0, (40

(38d) 0 0 mip
(M2),, = 2027, — v 03(v1 410 + V3412) ., (38e)  which enables us to solve for the remaining six lambdas as
§722 2 20, follows:
|
2.2 2 2 2
m; Cy C My "
A= 5 h “1 “2 52 ! (calsazsa,3 +Salca3)2 Ziz(cmsazc% _salsaz)z
v C/} v Cﬁlcﬁ U Cﬁ P
tan f, tanﬁz
A eya) e
p
1
22 2 2 2
mj, Sg,Ca, My "
ﬂ2 20?2 h 202 : (Cal Coy — Salsazsa3)2 z—z(cal Say + salsalca3)2
v sy c/, v3sh ¢ v2sj,¢,
tanﬂ2
——=—(Ajgcp +Aptanp,), 41b
452 tanﬂl( tocp, + Aiztan ) o
P
) 2 2 2 2 2
I’Ylh Sa my Co,Sa, My, Ca,Cay S2p
M=o s; 2112 Ly ZZZS,Q; 8tan3l/32 (docp, + A11sp,). (41c)
2
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1

Ay = Aol 2 [(m%i] - m%lz){(—3 + C2a2)s2a] Coqy — 402(11 5{1252{13} - 2("7%1, + m%—lz)SZa] ng]
v S2ﬂ1 Cﬂz
2 2
My $2¢,C tan /3,
> &l gz - (2/1]06'[;1 + 221]3/}1 + 112 tanﬁz) - j/], (41d)
v Szﬁlcﬂg S2ﬁ1
2 2 2
mj; Ca, $2 my my
)“5 =2 a 2 : (CalSZ{zzs(%g + Sa, Ca2s2a3> + 242 (sal CayS2ay — C{11S2a2C§3)
v Cp Sap,  VTCp,Sap, V=Cp,S2p,
5B,
- 2410 + A¢; tan — Apptan By — Ag, 4le
2tanﬂ2( 10 A tanfy) — A tan By — Ag (41e)
2 2 2
mhs o) mH C > "n[.]2 C
j'6 =5 S T] . (_2sa] Sazs(213 + Cal s2a3) - T “ (2Sa] Sazcé + Cal s2a3)
VT Sp S, U7 SpS2p, v S Sap,
c
P (Ao cot By + 2411) = Apa cot By — Ag. (41f)

B 2tan f,

D. Implementing the alignment limit

With Egs. (33), (37), and (41) in hand, we can now go
back to the problem of finding a set of lambdas consistent
with a 125 GeV SM-like Higgs boson. This can now be
achieved quite simply by putting mh= 125 GeV, a; = f,
and a, =, in Egs. (33), (37), and (41). Moreover,
deviations from the exact alignment limit can also be
parametrized rather conveniently. Defining sin(a; — ) =
8, and sin(a, — f3,) = 8,, one can use

a; = sin"'(8;) 4 fi; ay =sin"' (&) + . (42)
to extract @; and @, and then put them back in Egs. (33),
(37), and (41) to compute the lambdas. Thus, the final result
can be obtained in terms of the deviations, §; and §, with
0, = 6, = 0 characterizing the exact alignment limit.

Before we conclude, it should be noted that Eqgs. (33),
(37), and (41) allow us to express the scalar self-couplings
in terms of the physical parameters. To illustrate, one can
write the charged Higgs trilinear couplings with the SM-
like Higgs scalar as follows:

Lyrp-n = gura-nH Hi b, (i = 1.2). (43)

Using Egs. (33), (37), and (41), one can then calculate

1 gm?. m2
o 2 2 2 — _ Ci 1 h
9u H:h ” (my, + 2my;) My, < +2m2Ci ’

(i=1,2), (44)
in the alignment limit, My, being the mass of the W-boson.

Thus, non-negligible contributions to decay processes like
h — yy can arise even from superheavy charged scalars,

|
which will strongly constrain the Z;-symmetric 3HDM
[45]. Terms that break the Z; symmetry softly should be
included in the scalar potential to avoid such strong
constraints.

IV. SUMMARY

To summarize, we have presented a recipe for recovering
a SM-like Higgs boson with a mass 125 GeV from the
3HDM scalar spectrum. We have advocated a suitable
parametrization in which such an alignment limit looks
very similar to the corresponding limit in 2HDM case.
Using a Z3 symmetric 3HDM as an example, we have
demonstrated that our alignment conditions are simple
enough to be easily implemented in a practical scenario,
which is a clear upshot of our analysis. Although the topic
of 3HDM s is well trodden in the literature, the existence of
an alignment limit described by such simple analytic
conditions does not appear to be a widespread knowledge.
Given the growing interest of the community in the topic of
multiple Higgs-doublet models, a number of studies on the
constraints faced by such models from the Higgs data is
expected to rise in the coming years. Thus, the fact that our
analysis provides a way to efficiently implement the
alignment limit in case of a CP-conserving 3HDM makes
our results quite timely and relevant.
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