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Motivation

Dark matter (DM) & neutrino masses =——>» BSM

2 Higgs doublet model (2ZHDM) are very popular. For example,

- In MSSM, 2 Higgs doublets are needed due to holomorphic nature of the
superpotential as well as anomaly cancellation.

- With its additional CP phases, general ZHDM is a prototype model to

discuss matter-antimatter asymmetry in the universe.

Inert Higgs Doublet Model IHDM) (Deshpande and Ma, *78) can provide
dark matter candidate, with a discrete Z» symmetry imposed. No FCNC at
tree level tool

Scalar singlet as DM: Silveria & Zee (°85), McDonald (°94), Burgess ef a/ (01),
He ez a/ (09). Also based on Zo.

However Wilczek and Krauss (°89) had argued that global symmetry (discrete
or continuous) can be violated by gravitation processes like black hole
evaporation or wormhole tunneling. Suggested discrete gauge symmetry.

We embed the two Higgs doublets into a fundamental representation of a
new gauge group SU(2)n.




Some Highlights ot G2ZHDM

New gauge group SU2)y ® U(1)x

Symmetry breaking ot SU(2)r.1s triggered or induced
by SU(2)n breaking

One of the Higgs doublet (H») can be inert and may
play the role of dark matter, whose stability 1s
protected by gauge invariance

Unlike Left-Right symmetric models, the complex
vector fields W'®™ are electrically neutral
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Particle Content

Matter Fields SUB)c|SUR2)|SUR2)g|U()y|U(1)x
Qr = (up, dp)" 3 2 1 1/6 | 0
Ur = (up uf)" 3 1 2 |23 1
Dr = (d2 dg)" 3 1 2 | -1/3| -1
Ly = (vr er)’ 1 2 1 |-1/2] o0
Ng = (vg vi)" 1 1 2 0 1
Ep= (el eg)’ 1 1 2 | -1 | -1

Xu 3 1 1 2/3 0

Xd 3 1 1 | =1/3| 0

Xv 1 1 1 0 0

Xe 1 1 1 -1 o0

H = (H, Hy)" 1 2 2 1/2 | 1
AH—< B2 Ap/\/i) 1 1 3 0o | o

Am/V2 —A3/2
Oy = (D Py)’ 1 1 2 0 1

TABLE I. Matter field contents and their quantum number assignments.

&

L)

L)

* H, and H, are embedded into a
SU(2), doublet

% SU(2), doublet fermions are
singlets under SU(2), while
SU(2), singlet fermions pair up
with heavy fermions as SU(2),
doublets

L)

% VEVs of &, and A give a mass
to SU(2),, gauge bosons

» VEV of & gives a Dirac mass to
heavy fermions

VEV of Ap give mass to charged
Higgs




Higes Potential H = ( Z;

)

-

Vo= 12| Hy | + 42| Ho|? + M| Hy[* + Mo Ho|* + Xs|Hi|?|Ha|? + M| H Hy|?

A
+75 (H{H3)? +h.c.} . (THDM)

V(H) = i3 HUH + Ay (HUH)?

2
= Uy (HIHl + H;er) + Am (HIHl + H5H2) )




Higes Potential H = ( Z; )

-

Vo= 12| Hy | + 42| Ho|? + M| Hy[* + Mo Ho|* + Xs|Hi|?|Ha|? + M| H Hy|?

A
+75 (H{H3)? +h.c.} . (THDM)

V(H,Ag,Py)=V(H)+V(®y)+ V(Ag) + Viix (H, Ay, Pg)

V(H) = iy H'H +(H”Lf)2 >

2
1, (H;f Hy + H;fHQ) + \m (HIH1 - HgHz) ,

2
V(Pg) = M?D(I)}{(DH ""((I)}J(I)H) ) A (Am/ﬂ —A3/2
,ué (PTPy + P5Py) + Ag (PTPy + (I);(I)2)2 ;

V(Ag) = — AT (ALAH> (Tr (ALAH))2 ,

1 1 i
= — 1A (§A§ + ApAm> + Aa (§A§ T ApAm> )




Higos Potential

Vi (H, Mg, ) = + Mpa (HTAHH) — Man (@LAH%)
+ a (H'H) Te (AL Aw) + Ao (H'H) (0],01)
+ Apn (@L@H) Tr (ALAH) |

———( 1 1 1 1
= [+ Mpua (\@HIHzAp + §HIH1A3 + ﬁHngAm - 2H5H2A3>

1 | 1 |
P BaA, + DD Ay + = BLD Ay — = BLDLA
(\/§ 1 X2 p_I_ 9 1183 + \/i 2*1 9 2*2 3>
T T 1 9
+ Ama (HlHl + HQHQ) SA3+ ApAn,

+ Ao (H Hy + H{H, ) (9101 + ©50y)

+ oA |(cI>>{<I>1 + O5P9) ( 2+ ApAm> :

Note that term like (I)ZI;EA g Py is SU(2) gy invariant but forbidden by U(1) x!




Symmetry Breaking

G—I— Gp —vA+03 1 A

Hy = Dy = " e Ag=| *

v+h | Z-GO vo+d2 —I—iG—H 1A vA—03
NG V2 V2 V2T 2

» If <A4,>=-v, #0, the quadratic terms for H, and H, read:

, 1 1 1 ,

i F §MHA - VA F 5)\HA VR + 5/\H<1> - Vg,

 If <A;>=-v, #0, the quadratic terms for ®, and ®, read:

1 1
g & §M<I>A - A + 5/\(M VA + 5)\1{@ Xk

» Therefore, SU(2), spontaneous symmetry breaking can trigger

SU(2), symmetry breaking even if 13 is positive
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Symmetry Breaking

1
V(v,0a,09) = 5 Agv® + Aovg + Aava + 2 (i v° + ugvg — pavi)

— (MHAUQ + M@AU%) VA + )\H@U2U% + )\HA’UQ”UQA =+ )\QDAU%QPA}

Minimization:

v - (2)\Hv2 + 2#%{ — Mpuava + >\H<I>U<21> + AHAUQA)
v - (2203 + 205 — Maoava + Agov” + Aeavi )

ANAVA — ApAava — Muav® — Moavg + 2va (Agav” + Aoavy)

I
o o o

2 (2AeAHA — Agaroa)vi + AgeMoa — 20 Mga)va + 2(2Ae % — Agais)

Ao — A e
(A1)
”02 _ (2)\H)\cI)A — )\Hq))\HA)UQA + ()\HcpMHA — QAHMq)A)UA -+ 2(2)\[{#%{) — )\Hcp,u%[)
¢ 220 — A s |

(A.2)
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Cubic Equation for va

[U?’A—I—agvi—l—an)A—l—ao :Oj

where ay = Cy/C3, a1 = C1/C5 and ag = Cy/C5 with

Solution:

Co = 2(AgoMaon — 22 e Mpun) u + 2 AmoMpa — 22g Moa) pg
Ci1 =222 mare — AgaAon) i +2 (2 g oA — AHANHD) 15
+2 (4 g o — )\%ﬂ)) pA + AgMEA — AgoMuaaMan + )\<I>MI2{A} :
Co = 3[(Auaruse — 2 g on) Maon + (AgoAoa — 2 AaA e) MuAa]
Cs = 4 [Ag (M\ga — 4Aare) — Amarmadea + Agade + Aadie] -

r

\

UA1

UA2

UA3

1
— —§CL2—|—(S—|—T) ’

1 1 1l
—?m—§w+qy+?¢&s—T%
1 1 1l
—§a2—§(S+T)—§Z\/§(S—T) :

~
Girolamo Cardano (1501-1576)

S=3JR+VD, o 3u-d
R

9 Y
= 3\/R— \/5, 9a1a9 — 27ay —2a§
D = QS—|—R2 54 |

_/
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Yukawa Couplings

fermions to form SU(2),, doublets as
EYuk D) deL (DR . H) -+ yuQL (UR . E’) + H.C.,

We choose to pair SM SU(2), singlet fermions with heavy

- ~
U = (ur up)ays

Dy, = (di dr)-1/3

= deL (dgHz —(drH,) — yuQL ’LLREH + ugﬁg) + H.c.,
SM SM

\_ J

* To give a mass to heavy fermions, we add “left-handed” partners

with the help of the SU(2), scalar doublet ®,:

Lyuk D YaXa (Dr - Prr) + Y X (UR ' (i)H) + H.c., 4

= y&?d (dgq)Q — dR(D1) — y{Xu (upfﬁl + ugég) + H.c.,

\_

N
Oy = () y)"

Xus Xd

J

Absence of FCNC interaction!

(Natural tlavor conservation: Weinberg & Glashow, *77; Paschos, "77
Minimal flavor violation: G. D'"Ambrosio, G. E Giudice, G. Isidori, A.

Strumia ’02)

It the second doublet H» is inert, it could be DM candidate if it 1s lighter

than all heavy fermions and scalars.

13




Yukawa Couplings

» Similarly, for the lepton sector we have:

Lyvuk D YeLr (Er-H) +y, Ly (NR ° F[) + X, (Er-Py) + Y, X, (NR : &)H) + H.c.,

— yeI_/L (BgHQ — — quL (I/Rﬁl - I/gﬁg)
SM

+ YL X, (eg% —er®1) — Y, X, (VR(i% + Vﬁ(fg) + H.c.,

where we introduce the right-nanded neutrino and its SU(2),,

partner, Nz = (vg vi)"

 The SM neutrinos have only Dirac masses unless the Majorana

mass IS Intfroduced such as:
where U(1), is broken because N

NJC%ANNR — carries U(1), charge

Hi does not couple to heavy fermions. So the SM Higgs signal strengths
are not affected by the new fermions.

14



Anomaly Cancellation

» The anomaly cancellation for the SM gauge groups SU(3)c x SU(2), x U(1)y is guaranteed
since addition heavy particles of the same hypercharge form Dirac pairs. Therefore, contri-
butions of the left-handed currents from ., x4, X, and x. cancel those of right-handed ones

from uf, d&, v and el respectively.

> For (SU(2)y)?U(1)y from the doublets Ug, Dr, Nr and Er with the following result, one

has

T[T {T°, V] =262 (Z =3 m) = —25") Y,

— 20 (3-2-Y(Up)+3-2-Y(Dg)+2-Y(Ng)+2 -Y(ER))

15



Anomaly Cancellation

> In terms of U(1l)y, one has to check [SU3)c|*U(1)x, [SUQR)y]?U(1)x, [U(1)x]?,
[U(1)y]?U(1)x and [U(1)x]?U(1)y. The first three terms are zero due to cancellation be-
tween Ur and Dg and between Er and Ny with opposite U(1)x charges. For [U(1)y]?U(1)x
and [U(1)x]?U(1)y, one has respectively

2- (3 ' (Y(UR)2X(UR) + Y(DR)QX(DR)) + Y(ER)QX(ER))
2-(3- (X(Ur)*Y (Ur) + X(Dr)*Y (Dr)) + X(Er)*Y (ER)) -
> One can also check the perturbative gravitational anomaly associated with the hy-

percharge and U(1)y-charge current couples to two gravitons is proportional to the

following sum of the hypercharge

3-(2-Y(Qr)+Y(xu) +Y(xa) —2-Y(Ug) —2-Y(Dgr))
+2-Y(Ly) +Y(x») + Y (Xxe) =2-Y(Ng) —2-Y(ER),

[Alvarez-Gaume and

Witten, "84

and U(1)x-charge

X(Ug) + X(Dg) + X(Eg) + X (Ng).

Also, there are a total of 12 SU(2)1, doublets and a total of 24 SU(2)y doublets.
Free of Witten SU(2) global anomaly too!

[Witten, "82]
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Particle Content

Matter Fields SUB)c|SUR2)|SUR2)g|U()y|U(1)x
Qr = (ur dp)" 3 2 1 1/6 | 0
Ur = (up uf)" 3 1 2 |23 1
Dr = (d2 dg)" 3 1 2 | -1/3| -1
Lr = (v er)’ 1 2 1 | =1/2] o0
Ng = (v (vH)" 1 1 2 0 | 1
Ep= (el eg)’ 1 1 2 | -1 | -1

Xu 3 1 1 2/3 0

Xd 3 1 1 |-1/3] o

@ 1 1 1 0 0

Xe 1 1 1 1| o0

H = (H, @T 1 2 2 1/2 | 1

AH—< B2 Ap/\/i) 1 1 3 0o | o
Am/V2 —A3/2

Oy = (D Py)’ 1 1 2 0 1

&

L)

* H, and H, are embedded into a
SU(2), doublet

L)

L)

% SU(2), doublet fermions are
singlets under SU(2), while
SU(2), singlet fermions pair up
with heavy fermions as SU(2),
doublets

% VEVs of &, and A give a mass
to SU(2),, gauge bosons

» VEV of & gives a Dirac mass to
heavy fermions

VEV of Ap give mass to charged
Higgs

TABLE I. Matter field contents and their quantum number assignments. Optional /A N (17 1’ 37 O7 —2)

to provide Majorana neutrino masses.
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Theoretical Constraints

® Vacuum Stability

- Scalar potential should be bounded from
below

® Perturbative Unitarity
- Scattering amplitudes 1n the scalar sector

18



Potential (Quartic terms)

® Due to gauge symmetry, the potential
depends only on the following combinations

(X2 = B4 (G2 4 2GTG + 5?4 P2+ 2HTH
V' = 05+ (Gy)” + 263G
22 — 52 120 A,

-

g )
1
Vi= 7 (X' 4+ 26" + Ma 2!+ Apad? 22 4 Apad®)? + AanV*2%)

- J




Scalar Bosons Scattering Amplitudes

(6dn Aw Am dr Am Am Ame Aws Ame Ama Ana )
)\H 6)\H )\H )\H >\H >\H )\H@ )\H<I> )\Hq) )\HA >\HA
)\H )\H 6)\H )\H )\H >\H )\H‘I) )\H(I) >\HCI> )\HA )\HA
>\H )\H )\H 6)\H >\H >\H )\Hq) )\HCI) )\HCD )\HA >\HA
)\H )\H )\H >\H 6>\H >\H )\HCI) )\HCID AH@ AHA )\HA
Ml — )\H )\H )\H )\H >\H 6>\H )\HQ) )\Hq) )\Hq) )\HA >\HA
>\H<I> )\HCI’ )\H@ >\H<I> )\Hq) )\HCID 6)\‘13 >\<I> )\@ )\CIDA )\CIDA
Ane Ame Age Ame Age Ame Ao 6le Ao Aea Asa
)\Hq) )\HCI) )\H@ )\Hq) )\HQD )\HCID )\CID )\<I> 6)\<I> )\CIDA )\CIDA

AHA AHA AHA AHA AHA AHA Aoa Aoa Aoa GAA Aa
\)\HA AHA AHA AHA AHA AHA AoA Aoa Aaa Aa 6Aa )

The first row corresponds to the processes
hh +— hh, G°G°, GTG~,SS, PP, HYH™ | ¢otpy, GYGY, GE.G'l, 5303, Ay A, .
The second row is for
GOGY <+ hh,G°G?,GTG~, 5SS, PP, H H™, oo, G5, G, GR,GH 6503, Ay A, .

And so on. Here we decompose HY* = (S —iP)/+/2 and consider S and P separately. This

was usually done in IHDM. Unitarity constraints require all eigenvalues of M to satisty

N <87, Vi=1,---,11

20



AroLigxis 0 0
My = 0 AoAaLexe 0
0 0 AiraZioxio

where Z,,«,, 18 the n X n unit matrix. The first block corresponds to

hoy +— hoy, hGY +— hGY,, hGY, < hGY,,
Gy +— G20y, G'GY, +— G'GY,, G'GP, +— G°GY,,
H H H H

- and soon.

The second block corresponds to

P203 > G203, D2y > D2 A,
G035 +— GY03, GY A, +—— GYLA,,

GY,05 «— G103, Gy A, +— GL A,
The third block corresponds to

hds <— hos, hA, <— hA,,
G203 +— G203, G°A, +— G°A,,
G703 +— G103, GTA, +— GTA,,

- and soon.

Eigenvalues of My are Age, Aoa and Aga. Unitarity requires

IA

|AH¢‘ 8W,

IA

|A¢A‘ 8%,

8T .

IA

RY2N

2]



e \y, Ao, Aa must be positive definite:

)\H; )\q>, Do)

(73)

® \ys, A\oa, Ama can be positive or negative. Their ranges are determined by unitarity

constraint

Awal|, |Aeal, [Aaal < 8m.

(1) Ama, Aea, Aga >0

>\H<I>, >\<I>A; >\HA VT

(2) )\Hq), )\q)A >0; >\HA<O
A A el

Similar conditions for two other permutation cases.

(3) )\Hq>>0; >\<I>A> >\HA =

Adada — Az >0
AAgip — X\ >0

2ams — Agadss >~/ (BArha — Aya) (Ahoda — N3a)
Similar conditions for two other permutation cases.
(4) Aro, Aoa, Aga <0

Ahgrs — Nop > 0
Ahpdp — Aop > 0

AAgIa — A3 >0

2odra — Arahaa > —/ (BAmhs — Mig) (Bhada — A3y)

22 Aea — Amsrma > —/ (Ahide — yg) (Aarda — Mya)

iams — Aeatma > =1/ (Bhada — A3x) (4hmAa — Nia)

e All eigenvalues \; of M; in (66) must be constrained by |\;| < 8.

(74)

(75)

(76)

(77)

(78)

22



Phenomenology

Scalar mass spectrum

* First, we Taylor expand scalar fields around the vacua

Gt el —va+d3 1 A
Hi = +h o bn = +¢ | 0 - Bu = 1 N 5p
v : vty | . va—0:
Ve ={G",G° G%,GY} are Goldstone bosons o
Hy, = (HS H))" Mass Matrix is 10 x 10

U = {h, Hy, Dy, ¢o,03, A, } are the physical fields

» We have 6 Goldstone bosons, absorbed by 3 SM gauge bosons and 3 SU(2),,
ones, yielding the massless photon and dark photon More later!

* We have the mixing between {..d, ¢.} and {G};, A, H*} due to:

1
V2
1

V2

| 1 |
Vmix (h, (53,¢2) D ‘I‘ MHA (EHIHlA,?,) + )\HA (HIHl) (§A§) Vmix (GII)—{, Ap; Hg*) D —I— MHA ( HIHQAP —|— ﬁHngAm)
+ A <H{f Hl) (BEDy) + Apn (PLD,) (§A§) ~ Man ( OrDyA, + %¢§¢1Am)

1
— Mg (§<I>S<I>2A3)

23



Scalar Mass Spectrum

( 2Apv? 5 (Mpa — 2XAgava) AHPVV \
Mg — % (MHA — QAHAUA) t (SAAUSA —+ MHA?Jz —+ M@AU%) %I) (M@A — QA@AUA)
\ AgeUVs 2 (Maa — 2AoavA) 2Xp03 )
S ={h,d3, ¢2}

® The 125 GeV Higgs is now a mixture of {h,03,¢2}

® However, the mixing is constrained to be quite small,

suppressed by v/ve as v ~ 246 GeV and ve = 10 TeV due to
LEP Z-7" mixing constraint (More on this later)!

24



Scalar mass spectrum

> The determinant of the second mass matrix is zero since one of

the mass eigenstates and its complex conjugate correspond to

the Goldstone bosons, eaten by SU(2),, W’

> For H,?to be the DM candidate, one has to make sure it is lighter

than its charged component H,* of mass M,v,

( Mgava — 2 Moavs 0 \
M62 — —%Mq)AUq) 45A (MHA?J2 + M@AU(QI)) %MHAU
\ 0 s My av MHAUA/




Scalar mass spectrum

» The charged components of H, do not mix with other neutral

scalars:

2

H + — M HAUA Different from IHDM!!
2

m

» The rest is the Goldstone bosons:

26



Reproducing the SM 125 GeV Higgs

10° £ ! ;
> :
8 I

‘-;1025' E E
= ’

10k | my, =120 (GeV) |

| —— m, =125 (GeV) |

_ ' |---- m, =130 (GeV) |-

. llll: S 1 . )

100 1 2 s ,
1.0 1.1 1.2 1.3 14 15 16 1.7 1.8 1.9 2.0
A <10
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Gauge boson mass spectrum

» We have 6 Goldstone bosons: 2 absorbed by SM W, 2 eaten by SU(2),
W’ and the rest two by Z and Z'.

» The SM W bosons acquire a mass by eating the charged
components of H, as in the SM since H, does not get a VEV and

the other scalars (®, and A,) are neutral
1

MWj: — 59?)
» SU(2)y W’ bosons receive a mass from all VEVs, <A;> | <®,>

and <H.>: , 1., , )

28



Gauge boson mass spectrum

» <A,> gives a mass to SU(2), W’ bosons butwhile one

linear combination of W3 and X obtains a mass from <&,>

» <H.> also gives a mass to W’3 and X because of its quantum
numbers. Hence, W3 and X mix with the SM W, and Y.

g/2,U2 g’gv2 g’gHU2 g'ng2
1 A 4 2
g'gv®  g?v? ggHv? ggx v?
M2 — 4 4 4 2
- 2 2 2 2 2
1 g’ g v? ggyv?  9H (” +U<I>) 9HIX (v _U<I>)
4 4 4 2
2 2
g’ gxv? ggx v? QHQX(” _%) 2 (2)2 1 ”02)
2 2 5 9x O

No va dependent!

29



Gauge boson mass spectrum

» The mass matrix contains 2 massive particles, identified as SM Z and

additional Z' and also two massless photon y and dark photon y’

» ¥’ also couples to SM fermions and are thermally produced in the early

universe. It would be excluded, for instance, by CMB observables

> There exist at least two solutions: Stueckelberg mass terms (kors and

Nath '04 '05) Or simply setting gy zero.

> |In the following, we present results for the second solution.

30



Gauge boson mass spectrum

» The 3-by-3 mass matrix can be diagonalized by only 2 mixing

_ g'gv? g g v? \

4

4

g*v? _ ggpv?

angles:

(m2 0 0 ) [ o
0 myz 0 | = Roas (022/)" Riz (6u)" —91?2
L0 0 mi \ L

v

mz =~ \/g* + 9”5
(%)

Mmyzr =~ gH7

/

4
2 g2
. gggv H

(

4

U2+U(2I)

4

4

)

Ri5 (0) Ros (0z21)

sin ¢, = R Q=Y + l,is a good quantum number

\/92 4 g/2 U2

sin HZZ’ ~

2

gH Vg

(in the limit of vy > v) ,

31



Experimental constraints on Z’

" Thered line comes from direct Z’
resonance searches (1412.6302)

9m

* The black dashed line comes from
LEP constraints on the cross-section
of ete - e*e  (hep-ex/0312023)
=>V4>10 TeV

= The blue dotted line comes from
EWPT data and collider constraints
on the Z-Z' mixing(0906.2435,
1406.6776)

—— CMS 95% C.L.
JLELL sinf,, =10°
--- LEP[Z Y —0.2]

my

. e 1+ 5 T 5 -
1.75 2.00 2.25 2.50 2.75 3.00 Vo

m, (TeV) My = gg—
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h — H5 loop — vy or Zv

Predictions of h — vy and h — Z~

1.4F ) in this model. Due to the fact \gy (& mi /20?)

. Global : . .
. | 18 R 1s always

1.25 FmlATLAS), 10 region 1 the SM prediction while Ry, ranges

from 0.9 to 1, given the ATLAS and

CMS measurements on R-:
| CMS: 1.13 £0.24 and ATLAS: 1.17 £0.27
0.8F - (1408.7084 and CMS-PAS-HIG-14-009 (2014) ).

0.6 -

V(H) = uH'H + \y (H'H)®

PR 13 M N 1 " N
10 10 2
m - (GeV) — 12 (HIH1 + H§H2) + A (H{le + H;fHQ) |

10
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[HDM

Gt HT
Hy = %(U—Fh—FiGO) ! Hy = —-5(8 +iA)
V = 3| H\[* + p3|Hal* + M| Hi|* 4 Ao Ho|* + Xs|H\ [*| Ha|* + A\ H] Ho?
A5
—|—?{(HIH2)2—I—h.C.}. 1,2-.............,...,.
m% — —2;@ — 2\ 0°
1
mg = p5 + §(>\3 + A+ As)v? = pf + Ao’
1
mil :,LL%—|—§()\3+)\4—)\5)U2:M%+)\AU2 -
2 2, 1y o .
M+ = Uy + 5)\3@ .
1 0.4F — — o
ALA= 5()\3 + A+ A5). _ _ BR(h—}Tm;.){O.Q _
I . *  BR(h—inv.) >0.2 |
. IHDM, (5)(2 (RC) <5.99 CMS 10 region
0’2.|...|...|‘...|...|.‘
Arhrib, Tsai, Yuan, TCY, JCAP 06, (2014), 030 -08 0.0 0.8 1.6 2.4

A3
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[ rr— | rrr

Th. onl : Th. only :
i ~ = Th. and Higgs [
* SM :

= Th. and Higgs
SM

~3.0F

—4

0.0 03 06 09 1.2 15 1.8 2.1 2.4

g -®® AH

Th. and Higgs
SM i

= Th. and Higgs
* SM )

8003 0€ 09 132 It 18 21 5.4 080 0.3 06 09 1.2 1.5 1.8 2.1 3.4
/\H /\H




Th.only

Th. only
Th. and Higgs |
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Signal Strengths Ryy and Ryz versus Charged Higgs Mass
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Conclusions and Outlook

We have constructed a model with the 2 Higgs doublets embedded
into a 2 dim spinor representation of a new gauge group SU(2)n.

Spontaneous symmetry breaking of SU(2)y by a triplet triggers the
breaking of the SM SU(2);..

An 1nert doublet can be emerged as DM candidate due to local
gauge invariance rather than the ad hoc Z discrete symmetry.

WiPmi oauge bosons are complex fields but electrically neutral.

/-7 mixing is constrained to be small by LEP data, direct Z/
search at LHC, etc implies the VEV ve = 10 TeV and a heavy 7.

This also implies the mixings between SM Higgs and other heavy
scalars are small.

Signal strengths for hyy and h’Zy are consistent with LHC data
provided that the charged Higgs is heavier than 100 GeV. They are
always <1, in contrast with IHDM which can > or < 1!
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Conclusions and Outlook

EWPT (§, T, U) - new contributions from extra
scalars and gauge bosons. (Note: They vanish in the

exact SU(2)p limit!)

LHC phenomenology of heavy fermions, gauge
particles Z', 7", Wirmi and scalats

Rare Decays (LLoop processes)
- FCNH decay e.g. h—uTt, etc
- u—=ey (MEG), p-e conversion (Mu2E, COMET),

ctC

DM (relic density, direct/indirect detection, collider)
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