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Standard Model

Standard Model

e A gauge theory of Electroweak interactions

e Very well consistant with experiment

matter, dark energy,...

e There are aspects that SM doesn’t explain: neutrino oscillations, dark
e The last key ingredient of SM, the Higgs boson(s) is not discovered yet.
e Beyond Standard Model theories

e SUSY requires families of Higgs = Higgs doublets
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Higgs Mechanism
o

Higgs Mechanism

e How gauge bosons acquire their masses by coupling to the Higgs field:

e Consider the lagrangian: L= _TlFWF“” +|Duo|* — V ()
Where: V (¢) = 1202 + (6P Dy = 9, — ieA,

e The potential is gauge invariant but minimizing it, shows that there is a
non-zero vacuum expectation value, and the symmetry is broken:
Spontaneous symmetry breaking

e 12 > 0 v.e.v is zero and symmetry is explicit

e ;2 < 0 v.e.v is non-zero and the symmetry is broken . = =
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NHDM and properties
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Higgs doublets

e We start with minimal exten§jon of the Sl\/|:+a 2HDM

e Two Higgs doublets: ¢; = Oy

ﬁ? 2= g8

e The general potential, a gauge-invariant combinations of ¢1 and ¢»
would have 14 free parameters:

V=W+V,

V = Zm}y(6161) + my(362) + m2y(d162) + m2y* (dhen)] + (¢T¢> )2+

22 (6102)° + Ma(8101)(002) + Ma(6]62)(6k6n) + Hs(6]62) + el
{Do(#01) + Na(6102))(6162) + h.c }
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Higgs doublets

NHDM and properties
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e At this level special symmetries can be imposed and it is possible to
minimize the potential and solve the problem analitycally

e Minimizing the potential gives: (¢;) = % (

0
o) o=
u =0 : neutral vacuum , u # 0 : charge breaking vacuum

1 u
V2 V2ei5
e It's difficult to see the symmetries = introduce the orbit space
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Orbit space
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NHDM and properties

el

e Introducing the orbit space r* : (r% r’) would make it easier to see these
symmetries, specially in multi-doublet-Higgs models

0= (bl(ba

I
r'= ¢Z‘7§b¢b
o' are Pauli matrices

i=1,2,3
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NHDM and properties
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Orbit space

0000000

e The potential could be written as V' = — M, r* + %/\Wr“r”

e N2 parameters in vector M,, : (Mo, My, Ma, M3)

N2(N? + 1)
2
Moo
1o
Na2o
N30
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parameters in tensor A, :

No1 o2
A1 A2
Na1 N2z
N1 Az
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NHDM and properties
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e In NHDM we introduce N Higgs doublets ¢, a=1,...,N.

e The number of free parameters would be

e The general potential would be a gauge-invariant combination of qﬁlqﬁb's
N2(N2+3)
2

e There is no hope to explicitly study and minimize the potential, and in
particular to find the possible symmetries in such a model. However, we
have found certain symmetries that are always broken aftre the EWSB.
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Orbit space

NHDM and properties
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ro =/ Bt 2, ¢¢a

e The orbit space would be represented as:

ri = Za7b ¢ZA;’b¢b

where \; are generators of SU(N) .

e The potential has the same form as before:
V=—-M,r*+ %/\Wr“r”

e The geometry of orbit space is more complicated.
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NHDM and properties
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Geometric properties

e |t is located inside a conical shell lying between two coaxial cones;
the forward light-cone and a certain inner cone:

o

M<HZ<1 n: ni
oN—1) =" =

r.
I

e (Ai?) = 1 on the surface of the light-cone; neutral vacuum
e (1i?) < 1 charge-breaking vacuum
o f

w=5(2) w=(3)
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NHDM and properties
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symmetry would be: ¥=0,r9 # 0

e We can devise symmetries where the only point that could conserve the

e Such point is not physically realizable in the case of N > 2
with N > 2

e Therefore these symmetries are always broken aftre EWSB in NHDM
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NHDM and properties
K matrix formalism
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e Another look at the orbit space is offered by a complex hermitean NxN
matrix: Kop = (¢dpida)

o = % Za ¢1¢3

i = 305 5N 500
K

2
o

N(N_l)]./\/-i-r,')\'

i=1,...,N°>—1
e Having r; =0and ry # 0
which gives: (¢ui¢2) =0

— K = (const)ly
, (bar¢a) # 0 and equal
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NHDM and properties
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Geometrical frustration

e Having ¥ =0, ryp # 0 means that all products (qb];gba) should be zero
while keeping (|#4|)? non-zero and equal.

e This not possible to achive with more than two doublets:

0 u ?
u 0 7
e The situation is similar to the case of geometrical frustration in
Condensed matter physics:

(7

o =
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Examples in 3HDM
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Examples in 3HDM

We have found two "frustrated” symmetries in three-Higgs-doublet
models:

e The tetrahedral symmetry:

V = —Morg + Norg + N (r2 +r2 +r2) + No(r2 + r2 + r2) + N3(r2 + 1)
+Na(rir — rars + rery)

n—r—rn—n

n—r— —rhs —>n
n— —re — —rhy —>n
n——re —>rhs —n

u]
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Examples in 3HDM

Examples in 3HDM
oe

e The octahedral symmetry:

V = —Morg + Norg + Ai(r? + rZ + 12) + Na(r3 + r2 + r2) + N3(r3 + 1)

e The properties of these models are being studied.
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Conclusions
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Conclusions and outlook

the vacuum state.

e In 2HDM any symmetry imposed on the potential can be conserved in
the vacuum state.

e Whereas in NHDM there are certain symmetries that aren't conserved in

e We call such symmetries " Frustrated symmetries”, because of their

symmilarity to " Geometrical frustration” in Condensed matter physics.
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Conclusions and outlook
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Current work

e Studying Abelian symmetries in 3HDM and 4HDM and trying to
generalize it to NHDM

e Symmetries that can be imposed on NHDM of the form:
UoyxUayx...  ZiyxZiyx...  ZiyxUqy

=} = = £ DA
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