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Introduction

In scenarios beyond the Standard Model (SM) it is common to invoke models with an extended scalar

SCALAR DM MASS RANGES

Sketch of allowed DM mass ranges
in IDM and 3HDMs up to 1 TeV.

sector. Such extensions are appealing due to their simplicity from the mathematical point of view and ] IDIM (2HDM) - Olive: IDM?2 with real coefficients [1].
the ability to deal with several shortcomings of the SM. Models with a non-minimal Higgs sector are : : : : Red: IDM2 [2]. Green: truncated Z,-
well motivated, despite the fact that the properties of the observed Higgs boson are in good agreement i : B DM (real) - 3HDM [3] with an without CP viola-

. .. i i . : : tion (merged). Teal: Z, ® Z, with two
with the SM predictions. The simplest extension, the two-Higgs-doublet model, suffers from the fact that : : 1 5 ; DM candidates [4]. The darker region
it cannot simultaneously accommodate a Dark Matter (DM) candidate, in the the Inert Doublet Model § : - Z,-3HDM _ (only for the lighter DM candidate) in-

(IDM), and provide new sources for CP violation. Governed by this, we consider an S3-symmetric three- . - . Z,®Z,-3HDM ( 5DM) dicates the surviving region in light of
Higgs-doublet model (3HDM). Within this framework there are different cases which could possibly : e | ' : the updated DM searches. Navy: Zs

. i . ) ) i ' with two mass-degenerate DM candi-
accommodate a DM candidate and provide new sources for CP. The family of S3-3HDM implementations - Z;-3HDM (2DM) - dates [5]. Purple: S3.3HDM without

arises due to different vacuum expectation values (vevs). In this framework the DM candidate falls into iR—II—l a (x) : - ; ; CP violation R-II-1a [6] and with CP

the class of weakly interacting massive particles. The DM candidate is associated with a Z, symmetry S;-3HDM violation C-1lI-a [7]. The darker purple

which survives spontaneous symmetry breaking and is a remnant of the S3 symmetry. After classifyin : - : C-Ill-a : ' region Is consistent with refined con-
p y y g 35y Y- yig ; 5 ; 5 straints of Ref. [8].

all possible DM candidates within the framework we further explore two cases numerically. 5GeV 10 GeV 20 GeV 50 GeV 100 GeV 200 GeV 500 GeV 1000 GeV

S3-Symmetric SHDM

The 3HDM may be constrained by an underlying symmetry, ¢, leading to characteristic phenomenology and  The S; symmetry can be spontaneously broken by vevs, giving rise to additional Goldstone bosons:
controlling degrees of freedom in a natural way. There are several realisable symmetries within 3HDMs [9]:

Constraints Continuous symmetries # of massless
SU(3)(3) HOUS By states
U(1)®Z,(14) | A(54) (6) (A4 =0] 0(2) 1
B | -+ A =0] 02)QU(Da, 2
CP2(12)  U(1),(24) Tt Ae — 0 SU(2) ;
= A2 8= 01 00)0 U0, @UD0, U1, ]
CP1(33)
Our philosophy is to identify vacua [11] with at least one vanishing vev as possible frameworks for a DM model:
: « too large—might result in unrealistic physics; R t # of massl
Ch01ce Of g: ’ emnan OI massiess .
« too small—too many free parameters; Vacuum vevs M symmetries states Fermions under 53
In terms of the S3 singlet (s) and doublet ((hy hy)T ) fields, the S3-symmetric potential can be written as: R-I-1 (0,0,ws) v S3, hy — —hy none trivial
R-1-2a (w,0,0) V AY) none unrealistic
V), = ug hghs + ui (hd{hl + h;hz), R-I-2b2c | (w,£v3w,0) |/ S5 none unrealistic
Vi =M (hihi + hiha)* + Aa(hihy — Wik )® + As[(R{hy — hSha)* + (H{ha + Ry )] Rl-la | QOwyws) |V | Sphi==h none trivial
AT 2 T T AN H e R S RCANS UL e , R-II-3 (wi,w3,0) 0 hs — —hg 1 unrealistic
+ Ao [(hshy ) (hhs) + (hsha) (h3hs)] + Az [ (hhy ) (Rhy ) + (hha) (hsha) +hic.] + As(hihs)®. R-TII-s (wi,0,ws) | O hy — —h; 1 trivial
) ) ) C-I-a w1, £iw;,0 cyclic Z none unrealistic
The S3 symmetry is expanded into the Yukawa Lagrangian: o ((0 ; 2ei021w5>) \\j - }}’l it _3h1 none e
« For (hg) # O 1F 1s possible too construct a trivial representation, DZY ~1,®1 h %d.e-ntmal to Fhe SM case; C-IIL-b (%iry,0.05) | 0 A —— 1 trivial
- For a non-trivial representation we need an S3 doublet (seven different possibilities to assign Sz (1, 1)): Clllc | (W€ 2 0) | 0 hs — —hg 2 non-trivial
. . . YWyl i o C-1V-a (W1€91,0,%5) | O hy — —hy 2 trivial
2: iR U dird . I - . .
For example, ( - (QQl 32) ai’ (wiruzr) (dirdar) ) yields .Z, = ﬁ Yaw] Yiws—yaws; yaws | . The “hat”, w;, denotes an absolute value and all w; are real. In the second column vevs are listed in the irreducible
P TR SR VEw] Viws VAW representation. In the fourth column remnant symmetries explicit in the defining representation are presented.
Model Analysis
10—24 '
Both implementations are described in terms of eight input parameters: R-II-la (6 masses and 2 angles), : ) |
C-III-a (3 masses and 5 angles). In order to identify the viable DM mass region several constraints are imposed: ? AN | DM self-annihilation cross-section as a function of the
10-25| .. FermiLAT (155) DM mass. The yellow band represents bounds at
o Cut 1: perturbativity, stability, unitarity checks, LEP constraints; . C-lll-a T R e | 90% C.L. compatible with observation of 20 dwarf
o : BT, ":' | spheroidal galaxies (dSphs). ~ The red line repre-
e Cut 2: SM-like h — {VV, FF} decays, S and T variables, B — X (s)7y decays; 5 P T sents Fermi-LAT assuming the NFW profile with p =
A L e 0.3 GeV/cm®. The dashed lines represent expecta-
. . . . . . . . . . [ Fermi—LAT (NFW . e e, .
 Cut 3: SM-like &4 — {invisible, yy} decays, DM relic density (micrOMEGAs), direct DM detection constraints; S : e — tions from future sensitivities of Fermi-LAT (green) and
ombin phs (95%)
\_/ probes by the Cherenkov Telescope Array (CTA) (pur-
. . . . . . . -27 e | . .
* Cut 4: LHC searches implemented in Higgs Tools, indirect DM detection constraints; 10 i ple). The light grey points represent C-1II-a and the grey
| points R-II-1a cases that survive HiggsTools.
We allow for a 3-0 tolerance in relevant checks. Cuts 1-3 were considered in Refs. [6, 7] and Cut 4 in Ref. [8].
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accommodates indirect DM detection and assumes portal Br(h — inv.) <O0.1.
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