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Higgs Basis

@ Studies have been started in the 70’s, hoping to find global symmetry that Higgs couplings
explains the mass and mixing patterns. Higgs one loop self energy

Numerical analysis in

Pakvasa et al (1978); Derman and Tsao (1979);Yahalom (1984); Wyler (1979); A. Mondragén et al (1999); Kubo et al the Higgs potential

(2004); etc Summary
@ S; is the smallest flavour symmetry suggested by data.
@ Previous works in the quarks and neutrinos sector.

Kubo et al (2004); A. Mondragén et al (2007); F. Gonzalez (2012); etc

@ Extending the concept of flavour to the Higgs sector by adding two more
EW doublets.

@ Without the symmetry — 54 real parameters in the potential.
@ Low energy model
Testable model
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The potential of three-Higgs-doublets under the symmetry S;

@ The lagrangian of the Higgs sector under the symmetry S; is given as:
Ly = (DuHs)? + (DuHy)? + (DuHo)? — V(Hy, Ha, Hs). 1)

@ The potential V(Hy, Ho.Hs) more general for the three higgs doublet
model invariant under SU(3)¢ x SU(2); x U(1)y x S is the following:

& (M Hy o+ HY M) + i (HIHs) + 2 (nd Hs)z +b (HHs) (M Hy + HYHp)
+§ (HfHy + HZTHZ)2 + g (1 1o — HZT/-/1)2 + efjk ((H;LH,-) (H]THK) + h.c.)
+f {(HH) (HTHs) + (HIMp) (MEHs)} + g {(Hff—q - HZTHZ)2 + (M Hp + HZTH1)2}

{(Hit) (i) + (W) (HEHo) + (] ) (i) + (Whe) (frs)}. @

v =

+

N>

@ The three Higgs doubles of SU(2): Hy, H» and Hs can be writing in the
following way:

_ (1 +ids _ [ d2+ids

Hh = <¢>7 +/¢10> M= <¢>s +i¢>11> ’ ®
_ ( P3+ids

Hs = <¢9 + f¢12>

Kubo et al (2004); Felix-Beltran, Rodriguez-Jauregui, M.M (2009), Das and Dey (2014), Barradas et al (2014), Costa,

Ogreid, Osland and Rebelo (2016), etc
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The potential of three-Higgs-doublets under the symmetry S;

@ We introduce the variables:
xi =HiHy, x4=Re(HiH), x3=Im(HH),
Xp = HiHp, x5 = Re(H]Hs), xg=Im(H]Hs), (4)
X3 = HiHs, xs = Re(HjHs), xo= Im(H}Hs).
@ The potential can be rewritten as:
Vo= 45+ xe) + pudxa + axg + b(xq + x2)xa 4+ (X1 + x2)?
—40x5 + 2e (X1 — Xp)Xs + 2XaX6] + f(XE + X§ + X5 + x§)
+9 [(x1 —x)2 + 4xf] + 2h(x52 + xg - xg - xg). (5)

@ We worked in the normal minimum, where the configurations of the fields
are:

¢7 = V1,08 = Vo, 09 = V3,0, =0, i #7,8,9, (6)

they must satisfy the condition v = /v2 + v2 + v2 = 246 GeV.

@ The condition of the minimum fixes :

v12:3v22, AN e=0. (7)

Felix-Beltran, Rodriguez-Jauregui, M.M; Costa et al
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@ The minimum of potential can be parameterized in spherical coordinates,
two angles and v.

Vi = Vcospsinf, Vo =Vsinpsinf vz = vcosH. (8)

tanp = + - 7 which means ¢ = 7/6, therefore:
tanp=1/V3 = sin@:% & cosp:? 9)
tanQ:% = sin@z% & cosQ:V—V3 (10)

Mass Matrix
@ The properties Higgs and Goldstone bosons have been found after

diagonalize the 12 x 12 matrix (M%) = dg;‘/d) . We took the next
convention:
Mgl = RIMZR; i=s,ac. (11)

@ The rotation matrix is the product of two rotations, i.e., R; = A B;. The
rotation matrix R which diagonalize M2 and M2 is:

sinfcosey —sing —cosfcosyp
Rac = [ sinfsingp cos ¢ —cosfsing | . (12)
cos 0 0 sin 0
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Higgs masses

The rotation matrix A which diagonalize M5 is:

sin@cosp  —sing  — COS ( CoS
Rs = sin acsin ¢ cos ¢ — cos asin ¢
cos o 0 sin o
. M2 — M2
we define the angle tan(2a) = % .

@ The Higgs masses can be rewritten in the following way:

mi = —9ev®sinfcosh,
o

My = (M3 4+ M)+ /(M3 — M2 + (MR)2,

3
Mg = [2(C+ g)v2 sin® 0 + Eevz sin 6 cos 9} N
Mg = [Sev2 sin® @ +2(b+f+ 2h)v2 sin 0 cos 9} s

M — 222 co 0 — ev?tan Osin® 0

° 2
me = —4(d+ g)v2 sin® 0 — 5ev?sin 0 cos § — 4hv? cos® 0,
miz = —V*(etan6 + 4h).
m’2_11i = - [5¢=}v2 sin 0 cos 0 + (f + 2h)v? cos® 9] — 4gV¥sin® 6,
mizi = —V?[etan6 + (f +2h)].

Das and Dey (2014); Barradas et al (2014)

(16)
(17)

(18)

(19)
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nggs BaSlS Higgs Potential

Adriana Pérez

@ This is the basis in which one of the Higgs’ doublets has the complete e Standard Hogel
vacuum expectation value, ¢vey, and the other doubles are perpendicular S
to the first one, i1, 1.

symmetry S.
. P . . . Higgs Basi:
@ The Higgs basis is define in the following form: *H‘Scmgs
Higgs one loop self energy

(bVEV Cos ¢ sin 6 sin ¥ sin 6 cos @ H1 Numerical analysis in
1[}1 = —sin @ cos ¢ 0 H2 . (20) the Higgs potential
Yo —cospcosf —sinpcosh sind Hs Summary

@ The doublets in the Higgs basis are given as:

Svev = | 1 o ; Y1 = 1 NHﬁ[ P2 = | 1 NHzi :
ﬁ(v+ h+ IGo) ’ ﬁ(H1 + IA1) ’ 7(H2 +IA2)

where
ﬂ ( cos(a —0) 0 sin(a— 9)) <H1>
H1 = 0 1 0 ho . (21)
H, —sin(a—0) 0 cos(a—0) Ho

Das and Dey (2014)
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@ On the other hand the kinetic term in this basis is given as follow:

N
Liin = Do+ |Dutbal®.

@ A summary of the couplings hg, H; and H., with two vector bosons and

a=2

with vector bosons and charged scalars.

cos(aw — )  sin(a—0)
IH, w+w— IH, W+ w—
9H,zz 9H,z7
9zA,H, 974, H,
IwtrFrh,  Iw=nFH,
Izw+ Hy" Hp Izw= HyF Hy
g~,wi Hy" Hp g«,wi Hy Hy

@ hO has no trilinear gauge couplings, only:

9zA1ho» Gzt ny Iwrxny AN G, ey py-
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Higgs couplings

aM3, cos(a — 0)gHV

g =
HywE wF Y

a2 sin(o — 0)gHV

g =
HywE wF Y

IpowtwF =0

9nyzz =0
’ B 2M2Wg/“’
HyHy Wt wF 2
’ B 2M12/Vg/'“’
Hy H, WE WF 2
.  2MBgHV
hohoWEWF 2
 emBgnv
HErEwEwF T 2

(24

(25)

(26)

@7

(28)

(29)

(30)

()]

oM, gHV

gf-/zi HEwEwF T2

2M§ cos(a — B)ghY

9H, 22 = .
B 2M§ sin(ce — 0)gHY
GHpzz =~
M%g‘“’
GH Hy 22 = 5
M%gf”’
IHpHp2Z = — 53—
_ MEgh
IhohoZ2= = 2

(32)

(33)

(34)

(35)

(36)

(37)
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Higgs self-couplings

@ The Higgs trilinear self-couplings are defining as:

—igdV
/\/jk = -
OHOH;OHy

@ Some of the trilinear self-couplings.

Inghghg = 0
0hoho 9Hy Hy Hy
A A1A1 =0
Ihoho Hy
3
g 2 m2 (CC‘;S +
HaHoHp vspg ho 9c%
o (2
M, (Boa—o —sas9)),  InohoHy

oy (e — 50cs) ).

1 s
(m% a+6

2
+ Sav me )s
vsg co

1 c,
2 6 2
——(mh, “atf campy, ),
vsg cg

Per Osland et al (2008); John F. Gunion and Howard E. Haber (2003); Barradas-Guevara et al. (2014)
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Higgs self-couplings

2
1 (4% S2(a—8)

(Ca—g +265+0)

>
(2520 + S2(a—0)) — 2mi, 9203202 — 6)

9Hy Ho Hy H. P
2 Ha Hy Hy 252 2
8v’ SS9 3c0
2
=382 + S29) + 2Mhy, 520, (3020 S(a— 0) + 3520 F Sza))~
1
2 3
——F— | My C
9Hp Hy Hp Hy v25§9 ( ho Coc—0

2 2
2 2a% —0
+my, ————

1 4

@ After EW symmetry breaking, Sz breaks — residual Z, symmetry.

Das and Dey (2014); lvanov(2017)
@ hy, Aq, Hft have Z, parity -1,
Hy, Ho parity +1,
Hzi, Ao parity +1.
@ hy decoupled from gauge bosons.

905

2

2
+ M, (€ Ca—6 — Sasp)

2)7

(39)

(40)

@ There is an “alignment” limit, where Hs is the SM Higgs boson — H; also

decoupled from the gauge bosons.
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Higgs one loop self energy

@ For the scalars bosons the self energy in the 3HDM-S; are given as:
S.(9) S,(9) S,(9)
Mo () M2 Mid(s)
ns(s) = an;g(s) ny2es) nges) | 41)

S, S,(g S,(q
NP ng@s) nyls)

@ The self energy for the H, Higgs is given by:

5 I, H H

S,(9) _ 2 2¢ ¢I Z(D ¢1 2

M(s) = ZTAO Z BO(s?, moo,mdo)
1

+ Z BO(s mHi, me ) (42)

with (]5? = ho,H1,H2,A1,A2 andj =1,2.

@ The one-loop corrected Higgs mass H. can be obtain as the pole of the
propagator of the block 2 x 2 matrix given above in the addition of the tree
level Higgs mass terms

det [A;ﬂHz(s*)} = det [(s*)12X2 - M3, Hz(s*)} =0,  (43)

Work in progress.
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Numerical analysis in the Higgs potential Higgs Potential
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@ We made a scan in the parameter space, we imposed the stability and ke EeRt

Summary

unitarity conditions.
Das and Dey (2014), Barradas et al (2014)

@ We imposed the alignment limit, which means (o — 0) = 7.

@ We imposed a decoupling limit by hand, i.e., from the three scalars
bosons that we have in the model, we took H» as the Higgs of the SM,
which the mass is 125 GeV, while the others two Higgs must have larger
masses to 500 GeV.
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Stability and unitarity conditions

Scalar masses
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Figure 2: Higgs scalars masses hy, Hy , H. Imposing unitarity and stability conditions.
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Figure 3: Comparison between my,, and the other scalar Higgs in the alignment limit.



Imposing H. as the SM Higgs
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Figure 4: Higgs scalars masses hy, Hy , Hp, tan @ € (0, 2)
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@ We compute the Higgs self-couplings and the Higgs couplings with the AT
vector bosons. the Higgs potential

@ We found values for the parameters of the model and the angle 0, that
pass all Higgs bounds and satisfy the alignment limit.

@ We are able to compute different process in order to make boundaries to
the parameters of the model.

@ The model has favorable results.
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Thank you so much !
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