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Three unknown questions and discrete symmetry

. After the Standard Model (SM) Higgs discovery, does
there exist other scalar particles?

. What is dark matter (DM)?

(Discrete Z2 symmetry is needed.)

. Where does the tiny neutrino mass come from?
(Discrete Z2 symmetry is needed.)




Motivation (I):
DM in 2HDM --- inert doublet Higgs model

2HDM is a good model because its simple extension of SM
scalar sector, yet with rich phenomenology, freely to adopt
various Yukawa types: Type 1,2, XY, and Inert Higgs.

ONLY Inert doublet Higgs contains DM candidate.

An unexplained Z2 discrete symmetry is needed to do so.




Motivation (II):
left-right alignment

1. A wonder of the standard model (SM) is why the left and
right representation is not symmetric. Understanding the
origin of parity.

2. No Right handed neutrino in SM. It is automatically
infroduced by SU(2)H.




A hew continuous gauge symmelry
SU(2)H ko align 2HDM as new
doublet is used to replace the

artificial discrete 22 symmetry,

(Now Lleft and right representation

is a complete symmetric.)




Darke Makbter in G2HDM




Cr2HDM:
Gauged Two Higgs doublet Model
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Matter Fields
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Horizowntal Symwmekbry:

I # Adding a new right handed
fermion in order to form a
I doublet, (mimic SM format.)

I # Embedding two Higgs doublets to I
be a new doublet, similar to left
handed particles,

# Like SM right handed fermiomns,
I ntroducing two SM singlet Higgs
but forming as a SUR)H doublet.

i —

Unlike Left-Right (LR) symmetric models,
complex gauge fields are electrically neutral.

TABLE I. Matter field contents and their quantum number assignments in G2HDM.




Comparison with LR symmetric models
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Matter Fields SU(2)u
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Matter Fields SU(2)L|SU(2)n
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TABLE 1. Matter field contents and their quantum number assignments in G2ZHDM.




Inert Higgs Dark Matter Candidate

G = {G%,, HY*, A}, one can write down the inert Higgs block

17 2 1y7 1
Mearva + 5/\Hq,v 5)\H¢,U’Uq> —§M¢,A’Uq>

12 _ 1y/ 1y/ 2 1
M - 5 HQUU‘I’ MHAUA + 5)\H(I>'Uq) EMHA'U

—%MQA’UQ %MHA’U i (MHAUZ + M@A’U%)
The exact dark matter component is given by
D = OLGh + OD HY + OLA,. (2)

Since G, is massless Goldstone boson, the WIMP DM here will only be either doublet

or triplet.




DM ?hémamamatagj

! As simplicity, we set all the new fermion masses to 10 TeV.



Relic c&ems&j and Direct detection: Doubleb-like
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Relic c&aﬂsé&v and Direct detection: Doubleb-like
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Relic ciéms&v and Directkt dekection: Tm[ai.eﬁﬂi.;ke

S e -
VSTPULHP

Within Planck 95%

i B
Within PLANK 95% %

10° 10! 102
D (GEV)




Relic ciQMSL&v and Directkt dekection: Tm[ai.eﬁﬂi.;ke
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LHC search: momo-—-je& and Higqs avisible c‘i@.@a:;

© Tripte& PM does not cou.pi.e ko Zi sErongbj.

e If the Hi exchange dominates, the
I constraink power is much wealeer than DM I
DD

\ I o The mono-jet predicted event number is
\

x two order magnitudes lower than LHC

|
I current data. I
|

I o Higgs tnvisible decay constraint is
stronger than mono-jet when DM mass less
than Higgs mass, Again, we found it is
weaker than DM DD,




DM indirect debeckion

Fermi Pass 8 data




Trlplet hke Qh 93‘76 C. L
light crosses excluded by 1D

DM indirect detection
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Only Higgs resonance and some WW final state open are sensitive

to dSphs gamma ray data.




Summarv and oubtloole

o Firsk comprehensive DM search in G2HDM is performed.

o Inert Higgs DM with decoupled new fermions is
studied,

e Doubleb-lilke DM is completely excluded.

o Triplet-like DM is testable but the DM mass shall be
greater than §0 GreV,

e Mono-jet is not so sensitive in this model.

o In the future, we will study other candidates such as
W' DM.




Backup



Symmetry Breaking
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Ve ={G", G, GY, GY } are Goldstone bosons
U = {h, Hy, ®1, ¢9,03, 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
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