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11 real (wi, wa, ws),
vacuum:

18 complex (W1e'™t, Wae'”?, Ws) .

Possible DM candidates: 3 exact V/(Ss3) and 8 softly broken V/(S3) [App].
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Comparing Two Models

R-1l-1a C-1ll-a
{0, Wne, Wws}
Vacuum 0, wy,
o {0, e, ws} spontaneous CF

C-lll-a (o = 0) is a special point of R-lI-1a.
Fermions transform trivially under Sz (singlets) [App].
C-lll-a: dominant decays Br (X — Y DM) = 0.85.

. R-1I-1a: 6 masses + 2 angles;
Numerical scans:

C-lll-a: 3 masses + 5 angles;
Theoretical and experimental constraints evaluated:

e Cut 1: perturbativity, stability, unitarity checks, LEP constraints;
o Cut2: h— {VV, FF}, Sand T, B — X(s)v;

e Cut 3: h — {invisible, v}, Qcpanh?, direct searches;



Results: Direct Detection of Dark Matter
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Dark Matter in S3-Symmetric Three-Higgs-Doublet Models

SCALAR DM MASS RANGES

z IDM

z Bl |owe —

E2% 3HDM
i 3HDM
X R-ll-1a
: C-lll-a
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IDM: (A. Belyaev, G. Cacciapaglia, I. P. lvanov, F. Rojas-Abatte, M. Thomas),
(J. Kalinowski, W. Kotlarski, T. Robens, D. Sokolowska, A. F. Zarnecki);

IDM2 (one inert doublet): (M. Merchand, M. Sher);

3HDM and CP-3HDM (two inert doublets): (A. Cordero-Cid, J. Hernandez-Sanchez, V. Keus, S. F. King, S. Moretti,
D. Rojas, D. Sokotowska)



HiggsTools (HiggsBounds and HiggsSignals)
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Indirect Dark Matter Detection

Generalised NFW profile with p = 0.3 GeV/cm®.
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Indirect Dark Matter Detection

Generalised NFW profile with p = 0.3 GeV/cm®.
Br (¢191 — bb) € {0.8; 0.92},

C-lll-a:
* Br(pupr - 7 77) € {0.04; 0.18} .
Br (xx — bb) € {0.38; 0. 84}
Br (xx — {gg, 77", W-W'}) € {0.08; 0.45} ,
R-Il-1a: or

Br (xx — W~ W) € {0.38; 0.99},
Br (x x%{gg,ZZ bb}) € {~0; 045}
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Indirect Dark Matter Detection
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HiggsTools (HiggsBounds and HiggsSignals)
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Br(h — inv.) < 0.10.




Probing Hff Coupling CP Properties

LD —%m (/if + I."/s."%f) [T
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Probing Hff Coupling CP Properties

LD —%E (Kf + iysFRr) r.
ATLAS: « = arctan (ir/kr), with |a| € {0; 43°},

~ 12
CMS: fep = % x sign (Re/kr), with fop = 0.00 + 0.33.
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What Else?
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What Else?

prot _ | Clll-a: O(GeV),
| Rllla: € {1077%; 100} GeV.

C-lll-a: 0 € {107%; 1} pb,

Production at /s = 14 TeV:
roduction at /s c { R-ll-1a: o € {1077; 10~} pb.

In both models there are solutions for Br(h — inv.) ~ 0.

Plans: measure &P via EDMs for C-lll-a.



Conclusions

e Multi-Higgs-doublet models are phenomenologically rich and can
accommodate a dark matter candidate;

e Viable dark matter regions: R-ll-1a {52; 83} GeV, C-lll-a {29; 44} GeV;

X i R-ll-1a
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Appendix: Inert Doublet Model Relic Density
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Appendix: Yukawa Interactions

Whenever ws # 0 we can construct a trivial Yukawa sector:

1

Muzi I-L-l *, M = ...
ﬁ(y)Ws d

Fermions can transform non-trivially under Ss:

2:(Q Qz)T7 (g U2R)T7 (dir dzR)T and 1:Qs, uzr, dsr,

u. ok u, .k u. ok u ok
1 (s + 2wy Yawy Yawq
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, 1 (WS +yiws ygwi vg w3
2:Qs, 1 usg: My =— vawi ws —yiws =y |
2 U ik 2 U I
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, 1 (WS +yiws 3w iy
1:Q3, 1": wp: M, = — y8wi yiwd —yws —yfw |
2 5w vg' w3 0



Appendix: Continuous Symmetries

Massless state:

V(Uh) =V (h),
(0 (Uh) |0) # (0[h|0) .

Results of [2001.01994]:

. . . # of massless
Constraints Continuous symmetries
states

[Aa =0] 0(2) 1

-+ [\ =0] 0(2)®@U(1)he 2

SuU(2
4 Dot A =0] (2) 5
[ 0(2)®@U(1)n, ®U(1)h, ®U(1)sg ]



https://arxiv.org/abs/2001.01994

Appendix: Dark Matter in S3-Symmetric Three-Higgs-Doublet Models

Vacuum vevs A4 symmetry # massless states fermions under S3
R-I-1 (0,0, ws) V4 S3, by — —hp none trivial
R-1-2a (w,0,0) Vv Sy none non-trivial
R-1-2b,2¢ (w, £v/3w, 0) VA S none non-trivial
R-1I-1a (0, wo, wg) v So, hp — —h none trivial
R-11-2 (0, w,0) 0 hy — —h1, hs — —hs 1 non-trivial
R-11-3 (wy, wy, 0) 0 hs — —hg 1 non-trivial
R-1ll-s (w1, 0, ws) 0 hy — —hy 1 trivial
C-l-a (W1, £iwg, 0) Vv cyclic Z3 none non-trivial
C-lll-a (0, Woe'?2 , W) < Sy, hy — —hy none trivial
Clllb (£iw1, 0, Ws) 0 hy — —hy 1 trivial
C-lll-c (W e'71, ipel@2, 0) 0 hs — —hg 2 non-trivial
C-IV-a (#1671, 0, ws) 0 hy — —hy 2 trivial
Possible DM candidates: 3 (exact S3) and 8 (softly broken S3) solutions.




Appendix: Relic Density

C-lli-a
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Appendix: SU(2) Doublets in Terms of the Mass Eigenstates

R-1l-1a:
h+

h = . )

R A9

by — sinBG" —cosBH*

2= %(sin,@v—i—cosah—sinaH—l—i(sinﬁGO—cosﬂA)) ’

b cos 3G +sinBH"

° = %(cost+sinah+cosaH+i(cosBG°+sinﬂA))
C-lll-a:

h ;
' <12 ap1+lap2>
sin3 G —cos BH"
hy = 1 0 _ 0 )
7 (sinBv+isinBG°+ 37 [sin BRY —cos B (R% + iR%)] Hy)
< cos 3Gt +singHT )
hs = .

% (cosBv +icosB G+ 37 [cos BRY +sin B (RY + iR%)] Hi)



Appendix: Scalar Masses
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