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Symmetries play an important role in multi-Higgs
models

- reduction of the number of free parameters

- experimental predictions

- symmetries help to control HFCNC

Connections can be established between Symmetries
and:

- mass degeneracies in the scalar sector

- existence of massless scalars

- CP violation in the scalar sector



Symmetries of the 2 Higgs Doublet Model

V =mi ®l®) + ma0idy — [ml, @10y 4+ hoc] + LA (D]®))% + I (BID2)2 + A3(D1D,)(DLD,)
(DT Do) (DI D) + {%Ag,(cb{cbgf + D6(D1D)) + A (L Dy) | 2T Dy + h.c.} . (2.1)

11 independent parameters

If all the parameters are real CP is explicitly conserved:

most general CP transtormation @, SiN Ui; @

with U a unitary matrix which we can choose as the identity matrix when
all parameters are real

However, there is still the possibility of Spontaneous Symmetry Breaking
T. D. Lee 1973

The above equation together with the assumption that the vacuum is CP invariant leads to
U;;(0|®,]0)* = (0|®;]0) LWU)=49  CP|0) = |0)
G. C. Branco, J. M. Gerard and W. Grimus 1984

CP is violated spontaneously by vevs of the form (plew, 02),

in the region of parameters
of the potential where p; and py are different from zero and et =+ 1



List of all possible Symmetries of the 2HDM

The complete list of such symmetries is known:

symmetry transformation law
ZQ (I)l — (I)l (I)Q — _(I)Q
U(l) (I)l — (1)1 (I)Q — 627;9(132
SO(3) S, — Uy UecU2)/U(l)y (for a, b=1,2)
GCP3 ®; — P cost + Pisind Oy — —Pisind + ®3cosd  (for 0 < 0 < $m)
H2 (I)l — (I)Q (I)Q — (I)l

Deshpande and Ma 1978, lvanov 2007, Ferreira, Haber and Silva 2009, Ferreira,

Haber, Maniatis, Nachtmann and Silva 2011, Battye, Brawn, Pilaftsis 2011,
Pilaftsis 2011

There are three possible Higgs family symmetries (first three rows) and three
classes of CP symmetries with different U matrices (next three rows)

There are seven additional accidental symmetries of the 2HDM scalar

potential Battye, Brawn, Pilaftsis 2011, Pilaftsis 2012

which are not exact symmetries since they are violated by the U(1) gauge

kinetic term of the scalar potential, as well as by the Yukawa couplings,
therefore, not considered here.



List of all possible Symmetries of the 2HDM (cont.)

Starting from a generic scalar potential given by Eq. (2.1) if the

scalar potential respects one of the symmetries listed in Table 1, the
coefficients of the scalar potential are constrained according to Table 2,
In the basis where the symmetry is manifest

symmetry m%,  ms, mi, A Ay A3 A4 Re \s ImAs X¢ A\v
Lo - - 0 - - - - - - 0 0
U(1) - - 0 - - - - 0 0 0 0
SO(S) - m%l 0 - )\1 - )\1 — )\3 0 0 0 0
GCP1 - - real - - - - - 0 real real
GCP2 - m%l 0 - )\1 - - - - - _)\6
GCPS - m%l 0 - )\1 - - )\1 — )\3 — )\4 0 0 0
I1; - m3, real - N\ - - - 0 - A
Loy & 11, - m3, 0 - M- - - 0 0 0
U(1)ll; - m3, 0 - M- - 0 0 0 0

In all these cases the imposed symmetry leads to explicit CP conservation

In all cases GCP1, and also 2 and 3 there is invariance under hermitian
conjugation Ferreira, Haber and Silva 2009

Possibility of spontaneous CP violation with Z_2 softly broken
Branco and Rebelo 1985



Natural 2HDM mass degeneracies

Analysis of explicit expressions of the neutral scalar masses
or

Consider all possible symmetries of the 2HDM

Mass degenerate neutral scalars can only arise naturally in the 2HDM
in the case of the IDMwithZ_ 5=0

V =YiH{Hy + YoH Hy + [Y3H{Hy +h.c] + %Zl(HIHl)Q
+572(HyHa)® + Z3(H| Hy)(Hy Ha) + Za(H| Ho)(Hy Hy)
+ {%25([_]1[]_[2)2 + [ZG(HIHl) + Z?(HQLHQ)}HI}& + h-C°} )

exact Zo symmetry H; — +H; and H, —» —H,
Ys=4¢=27=0 preserved by the vacuum

Physical scalar mass spectrum

2 2 2 1 2
m, = Z1v" my+ = Yo + 5430,
2 2 | 2 2 2 2
my = my+ + 5(Zs — Zs)v”, my = my + Zsv” .

myg = ma, due to Z5 = 0.



Natural 2HDM mass degeneracies (cont.)
Yg Z6 — Z7 — O tOQether with Z5 p— O

exact continuous unbroken U(1) symmetry 1 — H1  Hy — e'H,

It is this symmetry that is responsible for the mass degenerate states H and A

One can now define eigenstates of U(1) charge:

1
:|:_
¢ _\/7

Physical mass spectrum of the mass degenerate IDM:

H £ iA]

m; = Z1v°,
2 _ 1 2
mHi — YQ + §ZSU 9

mie = Yo+ 5(Zs + Zy)v?



Natural 2HDM mass degeneracies (cont.)

Although ¢* are mass degenerate states, they can be physically distinguished

on an event by event basis.

The relevant interaction terms of ¢ are

2
2 — g
Lint = [%g W;W'u + 4—2Z,uZ'u
“‘w

4o, — (7 R S g
7 7 — 2

2 2
€9 + =+ oy — T 9w
+ AW TH + AW T H _
\/i( H ¢ H ¢> V2w

—0(Z3 + Za)h¢ o — L[ Za(0T¢T) + (Z3 + Za)hP9 T ] — ZoHTH ¢t .

[z’W:H_%)“ o1 + h.c.}

(Z“WJH_(N 4 Z“W/:H+¢_)

For example, Drell-Yan production via a virtual s-channel W exchange can
produce H™ in association with ¢, whereas virtual s-channel W~ exchange
can produce H ™ in association with ¢™. Thus, the sign of the charged Higgs
boson reveals the U(1)-charge of the produced neutral scalar. The origin of

this correlation lies in the fact that, by construction, H™ and ¢ both reside
in Hy, whereas ™~ and ¢~ both reside in H;r



Models with three Higgs doublets

There is not yet a full study of all possible symmetries

e.g. lvanov et al

In what follows we consider

Three Higgs doublet models with S; Symmetry

An Interesting model:

A CP-conserving multi-Higgs Model with irremovable complex coefficients
|.P. lvanov and J.P. Silva, Phys. Rev. D 93, 095014 (2016) [arXiv:1512.09276],

Was analysed by H. Haber, O. M. Ogreid, P. Osland, MNR, 2018



The Scalar potential

S; is the permutation group involving three objects, @1, ¢2, ¢3
Vo= =AY 610+ 37D 0l6; +he

1 1<) ) 1
Vi=A) (6]¢)* + ) _{C(616:)(@0)e;) + C(6]¢;)(@)¢:) + 5 DI(¢]6;)* + hel}

1 1<J

+5E Y I@160@l6) +hd + Y {5El06;)(6}60) +he
i] ij Ak, j<k
1

+5Bsl(6]0:)(6]5) + bhe] + %Ed(@%)(cblm) + he}

Derman, 1979
here all fields appear on equal footing

this representation is not irreducible, for instance, the combination

¢1 + P2 + @3

remains invariant, it splits into two irreducible representations,

h
doublet and singlet: < h; )  hs



Decomposition into these two irreducible representations

1 1
i R
S B RO CH B W
— = — 3
s V3 V3 V3
This definition does not treat equally
¢17¢27¢3
they could be interchanged
Notice similarity with tribimaximal mixing: Harrison, Perkins and Scott, 1999
2 1
(7% v )
F =) I U
< o
\ % v 2/



The scalar potential in terms of fields from irreducible representations

Vo = pghlhs + pi(hlhy + hihs),
Vi = As(hLhg)? + As(RLhs) (AT hy + hihy) + A (RIAy + Ahy)?
+ Ao(hlhy — BIR1)2 + As[(WT Ay — RLRo)? + (BT hy + BRI
+ Xs[(hsh1) (Bl hs) + (hha)(hShs))
+ A [(hLRhy) (RLhe) + (RLhs) (RLhe) + huc]
+ )\4 hghl)(hi@ + hghl) + (hTshQ)(hIhl — hghQ) T h-C-] Das and Dey

(
(

no symmetry under the interchange of /1 and ho

however there is symmetry for h; — —h;

| _ 1 (i 1
equivalent doublet representation (’;;) NG (_Z@' 1> ( Z; )

now there is symmetry for X1 <7 X2

In the specialcase A\, = 0 the potential has SO(2) symmetry:

hi \ _ [cosf —sinf h1 .
< h, > = (SM 0089> < h ) Danger: massless scalar!



Constraining the potential by the vevs

Possibility of SCPV - real parameters

Let us start with real vacua (no CP violation)

Three minimisation conditions:
can be solved to give pg and p? in terms of the quartic coefficients:

1

:LL(Z) — % [)\4(10% — 3”&0%)”&1}2 — ()\5 + )\6 + 2)\7)(’(1}% + w%)ws — ZAgwg] , (42&)
1 .
0 = -5 2(M1 4 Az)(wi + w3) + 6\ waws + (A5 + X + 2A7)wi] | (4.2b)
1T
| 2

Eqgs (4.2b) and (4.2c) obtained dividing by W1 and W9 respectively

, , M=4A—-2(C+C+D)—E —E+E, =0
Consistency requires:

-for w1 =0 the corresponding derivative is zero - no clash

-orelse M(BBw; —wi)ws =0 j.e, M=0 orw = +V3uw; or ws =0

- for ws = 0. special condition: A\,w»(3w; —w3) = 0, i. e., in addition:
A = 0 or wy = ::\/gwl, or else wy, = 0.




SSB, real vacua, residual symmetries

Derman, Tsao Phys. Rev. D20 (1979) 1207:

(X, X, X) S3; (X, X, y) S2; (X, Y, 2) = (X, -X, 0) So )\4 # 0
Translation into doublet singlet notation

(X, X, X) — (0,0, ws) w1 = 0 (also verifies w1 = +v/3ws)

(X, -X, 0) (w1,0,0) wg = 0 together with wg = 0.

%
(X, 0, 'X) —> (wl’ W3, O) ws — O tOgether Wy = \/gwl
0,x, x) — (wi,ws,0) Ws = 0 together with wy = —/3w;

(x,x,y) translates into (0, ws, wg); consistency condition: w; = 0.

(,y, ) translates into (wq, —\/ngl, wg); consistency condition: wq = —+v/3ws

(y, x, x) translates into (wq, \%wl, wg); consistency condition: w; = vV 3wo

For A4 =0 SO(2) symmetry implies (x, y, z) possible solution



Vacuum | pi, p2, P3 Wy, Wy, Wg Comment
R-0 0,0,0 0,0,0 Not interesting
R-I-1 T, T, 0,0, wg e = —Agwsi
R-1-2a z, —x,0 w, 0,0 = — (A + A\3) w?
R-1-2b r,0, —x w, v/ 3w, 0 pi=—3 (A + A3) w3
R-1-2¢ 0,2, —x w, —/3w, 0 pi=—3 (A + A3) w
R-1I-1a T, T,y 0, w, wg = %Mw—i — %)\aw2 AgWe,
1y = — (A + A3) w2 + S A wolig — A W3E
R-1I-1b T, Y, T w, —w/v3, wg = —4)\4— 2\ W3 — )\gws,
i = —4 (M + )\3) w2 — 3\Wrwg — A W3
R-II-1c Y, T, T w,w/vV3,wg Hg = —4 -2 — 2 w3 — )\gws,
i = —4(\ + )\3) wi — 3)\4w2w5 — 2N W3
R-II-2 x,x, —2T 0,w,0 i =—(A+A3)ws, \y =0
R-1I-3 | z,y,—x —y wy, Wy, 0 1= — (A + A3) (w? +w3), \y =0
R-I1I P15 P25 P3 Wy, Wa, Ws Hg = 1)\ o(WT + wy) — Aswg,
2= — (O Aa) (w0 + ) — S,
A =0
Aoy = A5 + Ag + 2)7,
Ap = A5 + Ag — 2.




Complex vacua

Table 2: Complex vacua. Notation: ¢ = 1 and —1 for C-III-d and C-I1I-e, respectively;

& =/—3sin2p;/sin2py, Y = +/[3+ 3cos(p2 — 2p1)]/(2 cos ps). With the constraints of
Table 4 the vacua labelled with an asterisk (*) are in fact real.

IRF (Irreducible Rep.) RRF (Reducible Rep.)
Wy, W2, Ws P1, P2, P3
~ . A 2me 2me
C-I-a Wy, 1w, 0 r,xet s reT s
C-I1I-a 0, Wee'2, g Yy, y, xe'T
9 ) 9 9
C-11I-b +204, 0, wg r+iy, T z’y,
C-III-c wiet, wee2, () xre'r — g, :ce — 2,y
C-I1I-d,e +201, €Ws, Wy ze'™ xe 7y
C-1I1-f +1901, 19, Wg re' + iz, re? T ix, gre W — %7“6
C-11I-g +2W1, —1We, Wy re Y £ix,re” " Fix, %re %7’6‘”
C-III-h | V/3wee'?, 1092, g ey, y
1T
Yy, re .,y
. 3(1+tan?01) ~ 4 . P
C-III—I \/m”{l}262017 x, /yem" ye 1T
:|:UA}2€_Z arctan(3 tan 01)7 ’UAJS yem', T, ye—m-
C-IV-a* w1, 0, wg re +x,—re’* +x,x
C-IV-b Wy, F1ws, Wy re'’ +x,—re " +x,—re’* +re " +x
C-IV-c V1 + 2 cos? o9ts, re® 4+ ry/3(1 + 2 cos? p) + ,
Woe'2 Wy re’ —ry/3(1 +2cos? p) +x, —2re" +x
C-IV-d* W17, FWee't Wy rie” +x,(ro —ry)er +x, —rye’f +x
Ve \/_%%ewla re'’? + et +x,ret? —re¢ 4,
W9e'2 g —2re'? 4+ x
2 ~ . .
C-IV-f \/2 COS(C?SU 92) 1 €101 : rel + re'f2q) + x,
Wee"2, Wy retft — ref2q) + x, —2re't + gz
C-V* W€, Wee™2 Wy e’ ye'™, 2




Constraints

Vacuum Constraints
C-I-a (2= =2\ — \g) 07 Vacuum Constraints
C-II-a 2 \ [ = 22)\bw2 Ast, C-IV-a* o =—5 (As + )\6) — AW
= — 7 — = _ 2 ~2 ’
Ui (A1 + )\i\)4w_2 40080(2\12)\ 8 cos? oy A7) W, i =—(\ —l— A3) W? — ()\5 + Xg) W3,
C-I1I-b - -3 /\swg : 7 f)“ =0,\7=0
) RAVA _ Wy —wWy A~ ~ ~
pi=— M+ )\3) Wy — >\wa7 CIVD Ho = ()\22 ) w3 N % (A5 +As) (w% T w%) B )\Sw%’
2 A =0 pi == (A = Ao) (@F + 03) — 5 (A5 + Xe) W5,
C-lllc S § VT W T o7 B =0, Ag = —298) 4y
Mo+ A =0, A4 =0 : ’ oy 2TV
C-IlLd,e ) 02 _ o), (i) (o] —5ug) C-1V=c Ho = 208”0z (1 + cos® 73) (Az + As) _§
s wa2wgs
D) (>\5 + )‘6) (U)l + ’UJ2) )\gﬂf}%, 5 o (1 —ZCOSQ 02) (>‘5 + >\6) wg )\gws,
/i% =— (M — )\2) (UAH + UAJQ) — €M\ —wS(Zqi;—% _ ()\5 + Xg) W ne [2 (1 e 02) )\1 ()\ (%l——i;\g e 02) Az = cos’ 02)‘3] (05
A7 = wl w2 ()‘2 + )\3) (u:ll 5w2)>\ 2 cos oag : 6) wSéOSQO' w2
C-TTI-f pa— s Ay = — = (Az +A3), A7 = 22 (M 4 Ag)
8 ) po = — 3\ (W7 + W3) — Asws, C-IV-d* p— A 02 2 2
=~ (A +A3) (2 + @2) — L2, Ay = 0 , M= =3 (s 4 ) (i + §> R,
C-11I-h MO _2>\bw2 Agw& H1 = — >\1 + )\3) (w1 + UJ2> 3 ()\5 + )\6) w%,
pi=—4 (A + A\3) w3 — 2 (Ab — 8 cos? o )\7) W3, A =0,A7 =0
)\4 _ 2cosagws C-IV-e ,LL% = Sm2(22(6(721 32)) ()\ + )\3) —é
wQ Sin o1
T o 16(1-3tan% o w 1—tanZ 1) (1-3tan® 1) \ 1 sin 20
C-I1I-i 1 T 2) (A2 + A3) =2 j: 6( (1+9;)Ii Ul)t% 1) 4@_2 —% (1 - smgai (A5 + Xg) w3 — /\gw?g,
2(1+3tan® o sin 20 A
( "~ 149tan? 011) (A5 + )‘G)wQ( >‘8va ’LL% - (1 o smgai) ()\1 >\2) U} 2 ()\5 + >\6) w
2 _ 4(1+3tan®oq) 1-3tan~ o1 . $in(2(o1 —oo) )b
M1 1+9tan? 011 (A = Ao)ds F 2\/1+9tan20) Aqthaws Ar=0,A7 = — (:i(anaﬂ;?i) % (A2 + A3)
( __()\5 + )\6)'&)57 C-TV-f M(2) _ _(005(01—202);-3 C(;SO’l)COS(O'Q—O'l) zb_g
. 1-3tan? o1 ) 5—3tan2 g1 )b cos(o1—20 cos o cos? o1 Wg
A7 = ~ (159tan?o1) ) 22 (A2 + A3) F 2<\/1+9t 21) AZ A4 — ol 22c025);3 L (A5 + X¢) w2 )\gws,
an? o1wg M% __ _ cos(o1—202)+3cos o1 ()\1 + )\3)
_ 3cos201+2cos(2(01—0 CCC?SSQUal 4 A A "
: 4cos(01<—;2)c20)s>:1 ) = >\4w2w5 o % (>\5 +A)\6) w2
Ao Ay = — gt M, A = — ST
- - _ COS:T wWg
C-v (g = —5 (As + Ag) (0§ + w2) AW,
— (A1 + Ag) (0F 4+ 03) — 5 (A5 + Ag) W3,
)\2+)\3—O,)\4 0)\7—0




Complex vacua, Spontaneous CP Violation

Table 1: Spontaneous CP violation

Vacuum | Ay | SCPV || Vacuum | Ay | SCPV || Vacuum | \; | SCPV
C-I-a X no C-III-f,g | O no C-IV-¢c | X | yes
C-III-a | X | ves C-III-h | X | ves C-IV-d | 0 no
C-III-b | 0 no C-III-1 | X no C-IV-e | 0 no
C-III-¢c | O no C-IV-a | 0 no C-IV-f | X | vyes
C-III-d,e | X no C-IV-b | O no C-V 0 no

No spontaneous CP violation in any of the cases with

A = 0




The case of \;, =0

Potential has additional continuous SO(2) symmetry

M=4A—-2(C+C+D)—E, —Ey+E,=0
Derman (1979), “unnatural”

Spontaneous breaking of this SO(2) symmetry leads to massless
particles

Possible solution: break the symmetry softly.
The most general quadratic potential can be written:

V=V +Vy+V,
1 1
Vy = i (h];hl — hghz) + §V122 (hJ{hz + h.c.) + §V31 (hghl + h.c.)

1
+ §V32 (hghg + h.c.) .



Table 1: Complex vacua, for the unbroken S5 case, with massless states and degeneracies
indicated. The first entry in the parenthesis refers to the charged sector, the second one
to the neutral sector. In the footnotes below, L indicates that a linear expression in its
arguments vanishes.

Vacuum | name VI symmetry # massless states | degeneracies

Coxy C-I1I-a vV none none

Croy C-I1I-b 0 SO(2) (none, 1) none

Croy C-IV-a 0 SO(2) ® U(1), (none,?2) (none,?2)

Cy0 C-I-a vV none (none,2)

Cyo C-I1I-c 0° SO(2) (none,2) (none,2)

Clryz C-III-d.e vV none none

Clyz C-II1-f,g 0 SO(2) (none, 1) none

Cryz C-III-h.i Vi none none

Cryz C-IV-b 0 SO(2) (none,1) none

Clryz C-IV-c i X (none,1) none

Clryz C-IV-d 0« SO(2) ® U(1), (none,?2) (none,?2)

Clryz C-IV-e 0 SO(2) (none,1) none

Clryz C-IV-f i X (none,1) none

Clryz C-V 07 | SO(2) ® U(1), ® U(1), ® U(1), (none,3) (none,3)
@ Also Ay = B Also g + A3 = 0. Y L(As + A3, M), Lo + Mg, Ar).
A =0 potential acquires an additional SO(2) symmetry between the two members of the S3 doublet
A =0 together with A7 = ( the potential acquires an additional SO(2) together with a U(1) symmetry
A = 0 A =0 and A2+A3=0  S0O@) symmetry plus symmetry under independent

rephasing of each doublet



A particularly interesting complex vacuum configuration

Vacuum C-llI-c
UAJl e'’! : UAJQGZOZ, 0
Constraints:

i = —(Ar + Ag) (07 + w3),
Ay + A3 =0,A4 =0 (acquires SO(2) symmetry)

Does not violate CP spontaneously O. M. Ogreid, P. Osland, M. N. R., 2017

Can be rewritten as: (w1, wa, wg) = (we'/?, we™/%,0) = (we', w, 0)

It is the only complex vacuum in the full list with a nontrivial phase
that is not constrained by the minimisation conditions

Two massless neutral scalars, one of them is a Goldstone boson
associated to the breaking of SO(2)



The C-11I-c model without soft breaking terms

phase ¢ i1s not determined by the potential

Two massless states in the neutral sector apart from the would-be Goldstone boson

S3 doublet and the S5 singlet do not mix in the mass terms

In the neutral sector of the Ss3-doublet, there is only one massive (CP-even) state

The S3-singlet sector has two massive states (S; and .Ss)

2 _
msl—

2
mSQ—

pg -

pg -

M\ )v? — \- cos ov?
6 7

- \g)U” + Ay cos ov?

The phase sigma which is left undetermined by the potential is related
to the mass splitting of these neutral scalars and also parametrises
some of the triliniar couplings involving the scalar fields



The C-III-c model with soft S;-breaking

Table 6: Summary of softly-broken C-III-c-like vacua. Here, “SBT” stands for “Soft-
breaking terms”. When the two moduli are equal, we denote it w. In the last column we
listed the symmetry responsible for no spontaneous CP violation.

Case Constraints Allowed SBT Vacuum CP
1 AM=0, A+ XN3=0 none (1€, wye'2,0) conserving
C-IlI-c = (we'/? we™/2.0) SO(2)
2 AM=0,A+X3#0 % (it , s, 0) conserving
COS(O’Q — 0'1) = 0, ”(Dl 7é ’lDQ hl — —hl
3 A =0, 4+ A3 #0 vi, (we't, we'2, 0) conserving
COS(O’Q - 0'1) 7£ O, "(f)l = ’LDQ = (zbew/z, we_i0/2, O) hl e hg
4 A =0, A+ A3#0 s, Vi (1€t 19e"2, 0) violating
no other conditions
5 M F#0, A+ A3=0 none (+iw, w, 0) conserving
COS(O’Q — 0'1) = 0, 1@1 = 'lDQ hl — —hl
C-I-a
6 M #0, Ao+ A3=0 Vis (Fity, s, 0) conserving
COS(O’Q — 0'1) = O, ’12)1 7£ ’LZ)Q hl — —]'Ll
7 M #0, A+ A3=0 Ve (e, 1w, 0) violating
COS(O'Q - 0'1) ?é O, 1@1 = ’UAJ2
8 M#0, A+ A3=0 VEL, Vos (1€t 9e'2 () violating
no other conditions
9 A #0, Ao+ A3 #0 s, Vs (Fiwy, wo, 0) conserving
COS(O’Q — 0'1) = O, 12)1 7£ 12}2 hl — —hl
10 M #0, A+ A3 #0 viy, Ud (we' 1w, 0) violating
COS(O'Q - 0'1) 7é O, wl = ’LZJ2
11 M #0, A+ X3 #£0 all (W€, wye'?, 0) violating
0'2—0'17&0, UAJl;A’UAJQ

1
+ 51/32 (hghg + hC) .

1 1
V= 2 (h‘;hl _ h;hz) + 5 (hJ{h2 + h.c.) + 5 (hghl + h.c.)




CONCLUSIONS

Symmetries play a crucial role in multi-Higgs models

Multi-Higgs models provide interesting scenarios for Dark
Matter

Symmetries are needed to stabilise Dark Matter

The question of whether CP is violated spontaneously or
explicitly is still open

Multi-Higgs Models have a rich phenomenology

Discoveries at the LHC are eagerly awaited



