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The SU(2) singlet, hh; = hy.

The scalar doublets are decomposed as

; h
hi _ elO’,‘ . i ) )
75 (0 +mi + ixi)

We are interested in DM—(¥1€', ¥»,0) and permutations.

Classification: (1. de Medeiros Varzielas, I. lvanov, 2019) and (N. Darvishi, A. Pilaftsis, 2019).
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Mass-Degeneracy Patterns

Neutral U(1)-stabilised states result in a mass-degenerate pair.
Consider U(1) : hs with (hs) = 0.

Contributions to M?, {hs3, hjhss, hizhsj}.

M? invariant under, hl..hs ~ 73 + x3.

Mass degeneracies in the 2HDM (H. Haber, 0. M. @greid, P. Osland, M. N. Rebelo, 2018).
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The Dark Matter Candidates

Cases without spontaneous symmetry breaking:

o U)® U®) (v, 0, 0)

e U(1) (v,0,0) (0,0, v)
o U()®Z (v,0,0) (0,0, v)
e U(1): (v,0,0) (0,0,v) (w1, v2,0)
e O(2)® U(1) (0,0, v)
e 0(2) (0,0, v)
o U)®Ds (0, 0, v)
. U(2) (0, 0, v)
o U(l)—hs (v,0,0) (0,0, v)
o SO(2)—hs (0, 0, v)
o SU(2)—hs (0, 0, v)

[U(1) ® U(1)] % S3, SO(3), SU(3) result in spontaneous symmetry breaking.
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Vipm = Mihn + ,ugghzz + A1 b1 + Mooz b3 + A1oahiiho + Aioo1hiaho
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Z interactions: Lypy = fﬁﬁn,«aﬂx,.
Higgs portal: g(n?h) = g(x?h) = v (M1i + Aiin).
There are 4 (2) DM candidates, Qomh? = Qoh? + Qs h.
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e No points when my, € [100; 300] GeV and mpy, € [100; 450] GeV;
e In [50; 80] U [300; 2000] GeV both mass scales and their contributions to
the total relic density are comparable;

e Regions where Qh? is dominated by a single mass scale,
mp, = [45; 80] U [330; 2000] GeV and my, = [52; 80] U [470; 2000] GeV;



Dark Matter in U(1) ® U(1)-3HDM




Dark Matter in U(1) ® U(1)-3HDM

2000 2000
1500 1500
> >
[ [
o 9,
.- 1000 ~ 1000
I T
£ g
500 500
500 1000 1500 2000 500 1000 1500 2000
My, [GeV]

My, [GeV]



Updated Stock of Dark Matter in 3HDMs
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Conclusions

e We classified and identified models, embedding U(1)-stabilised DM in
3HDMs. These models contain mass-degenerate pairs of DM candidates,
due to the unbroken U(1). Such classification and identification of models
is useful for model builders interested in three-Higgs-doublet models
stabilised by continuous symmetries;

e We performed a numerical scan of the U(1) ® U(1)-3HDM. Within the
model there is a multi-component DM sector, with two different mass
scales. We found that there are possible solutions throughout a broad DM
mass range, 45-2000 GeV;
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Appendix: 0(2) ® U(1)

Invariant under:

hy 0 €% 0\ /K
h| =1[e% o o] [h
hs 0 0 1/ \h

V= ,uil(hll + h») + ,U§3h33 + )\1111(/7%1 + h§2) + >\3333h§3 + A1122h11h22
+ A1133(h11hss + hoohss) + A221hi2hor + Aissi(hishs: + hoshso).

S35 ® Zo ~ Dg. However, D,, with n > 5 result in identical V.

Perform a basis change:

h 1 [~ =T o0 n,
hy ef"f 7e"% 0 hé
hs V2 \ Vv2) \h,

V= N%l(hll + h») + M§3h33 + Aa(hfl + h§2) + )\3333/733 + Aphi2hoy

1
+ A331(h13hs1 + hoshs) + Achiihos 4+ A113s(hiihss + haohss) — 5/\(/7%2 + hgl)‘

Invariance under g = | —e=™ 0 0



Appendix: [U(1) ® U(1)] x S3

Invariant under:

hy 0 €% 0 n,
h]|=[(0 o0 e H,
hs 1 0 0 hj

V = g3y (b1 + haa + h3z) + Maaa (k3 + b3, + h33)
+ A1122(h11ho2 + haohas + haghi1) + A1221(hi2h21 + hashzz + hzihiz)
=3 Z hii + A111 Z h2 + A122 Z hithj + 1221 Z hijhj;.
i i i<j i<j
0 et 0

g= 0 0 €%
e—i(01+62) 0 0



Appendix: U(1) ® D,

Vg(hl)®22 = )\1212/‘!%2 + h.c.,

V= u%l(hn + h») + pi3shss + /\1111(hf1 + h§2) + A3333h33 + Anizohiihoo
+ A1133(h11hss + hoohss) 4+ A221hi2hor + Aissi(hishs: + hozhso)
+ >\1212(th + h§1)~

hy 0 —e* 0\ [h
Invariance under | hy | = | ™ 0 o0 h,
hs o o 1/ \m
suggests that {A1112 (hi1hi2 — ho1h) + h.c.} is allowed. Change of basis
h1 e’ e 0 hi
h| = % 7€7in\- ef% 0 hé yields A2 € C .
hs 0 0 V2 h;

As pointed out by I. lvanov, this should be a quotient group.



Appendix: U(1) ® U(1) Scan

e All of the additional scalars can be as heavy as 2 TeV;

e The DM candidates are associated with the neutral states of the hy and hs3
doublets, my, < mpy;;

e LEP constraints. We allow for m,,+ > 70 GeV and assume my, > %mz;
e Perturbativity, Unitarity (87), Stal;ility conditions;

e Electroweak precision observables S and T;

e Br(h — invisible) < 0.1;

e LHC searches implemented in HiggsTools;

e DM relic density is evaluated as QoM h? = 2Q.h% + 2Q3 H;

e Direct DM searches based on XENONNT and LUX-ZEPLIN;

e Indirect DM searches.
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