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. G2ZHDM - feature

Huang, Tsai, Yuan 2016

Interesting features of G2ZHDM:

** DM candidate is protected by a hidden discrete
Z-> symmetry (h-parity) arises naturally as an accidental
symmetry rather than imposed by hand

s Unlike in Left-Right symmetric models, the complex vector
fields W'®™) are electrically neutral

s It is anomaly free and no FCNC at tree level
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. G2ZHDM - particle content

Gaugegroup G=SU@B3)egxSU(2)L xU(1)y X S\U(2)H X U(l)}X
\ J
|

|
SM gauge group Extended
Scalars Kenbuullel \
Matter Fields | SU@3)c | SU(2)L | SU(2)r | U(1)y | U(1)x,| h-parity | |
1 |
e |
By = (91 D)l |1 1 y 0 1 -+ |
.................... |\ /I'
G+ + ................... .
Hy = o S T Accidental Z,
— 1 M_FZG_O » 112 HY | e
V2 V2 2/ T symmetry

H; and H, are embedded into SU(2)y4

SU(2)y doublet gives mass to
extra heavy fermions
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. G2ZHDM - particle content

Fermions
Matter Fields | SU(3)¢ | SU(2) | SU(2)g | U(l)y | U(1)x | h-parity

— | Qr=(ur dr)" 3 2 1 1/6 0 ++

(T
Ur = (ur; uf}) 3 1 2 2/3 1 +—

Quarks — AT
u Dg = (d& :dR> 3 1 9 ~1/3 | -1 — ¥
ol 3 1 1 2/3 0 _
_ 5\_@5_,5 3 1 1 ~1/3 0 —
Ly = (v er)* 1 2 1 ~1/2 0 + +

B (T7NT
Ng = (vg! yR:) 1 1 2 0 1 + -

__.,T__r T
Leptons — Er = {e_g_;eR) 1 1 2 -1 -1 -+
| vH i 1 1 1 0 _

— 1 H 1

T, 1 1 1 1 _
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|. G2ZHDM- scalar potential

%A}Ieaﬁe’ﬁ (HOHy:) (H Hy; )

— 4505 0u + Ap (0,0 H)2 + Ao (H'H) (8,01 + Nygo (H'®1) (0, H)

V = —pf (H* Hoi) + An (15!0”'15!%-)2 +

where (o, B, 7, §) and (i, j) refer to the SU(2)y and SU(2), indices respectively, all of
which run from 1 to 2, and H* = H?,.

oo ‘£ L
IG+\’ IH—|3 H'a/2y
H, = S=7 Hy = { : Oy = ,\\Jf’\
v+h\, '(Gol g 0, 4 v 2,7 *(Qﬂ
+ 1 \H +1
= Ly & Vol il By

r\

.’ Goldstone bosons will be absorbed by W+, W3 wW'P, W'3

Q' hand ¢, are h-parity even scalars

7\

<' h-parity odd particles
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. G2ZHDM - scalar mixing

* Mixing between h-parity even scalars

125 GeV SM-like Higgs

h cos@; sin6; hy

o —sin 6y cosb; (hy

Extra scalar boson

AgeUU
tan 20; = HO 7P

)\qJ’U(% — )\H’U2

+* Mixing between h-parity odd scalars

Nambu-Goldstone

G cos @y sin 6
5 Lo —sin @, cos s
20V Dark Higgs
tan 2(92 = 5 o
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. G2ZHDM — gauge bosons

< SU(2)y gauge bosons W'®P™) mass:

1
myy = §gH\/v2 + v3

% W'®M) s electrically neutral and odd under h-parity,
thus it can be a DM candidate!

% Neutral gauge bosons: Mixing between Z5 W '3, X

( M5 —Im gsm —gx UM zsm \
2 2
2 _ gHv 2 ngH('U _'Uq))
MZ — —%mz mW/ 2
9X9H (’02 —U%) 2 (12 2 M?2
—gx UM ZsMm . g5 (v* +vg) + Mx

R. Ramos, VQT, T.C. Yuan 2021

< We require: 'O"’gX KL gy < g’g To evade Z mass,
————————————— Z', A and DMDD

constraints
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Il. W mass shift

¢ Peskin- Takeuchi oblique parameters M. E. Peskin and T. Takeuchi 1992

A2 a2

&8 = 48}y |15 (0) — “X—=11,, (0) — 1L, (0) | |

SwéW
IT 0 I1;(0
AT — WW2/( ) ZZ2( ) |
miy my,

& = 43} [y (0) — 1T (0) — 2w Ty, (0) — 331, (0)]

MM, (g?) =y, (0) + I, g* + --- is vacuum polarization of V boson

** W boson mass shift

Am2 A2 g A2 a2
’m;w:&QC_WAz __—I_é%/VT—I—MU ’
my, Cw — Sw | 2 453,

2 2 = (-5.225+8.02T +6.07U) x 107 .
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II. W mass shift in G2ZHDM

¢ h-parity even scalars contribution

RN wt/z 0 S\ Wiz wEz 0 N\ Wtz
I \
ANNNG PNNNN
Wiz Wz L
ANNANNNANBSANNNNN S- -7
wW=*/Z G*
¢ h-parity odd scalars contribution
HiaD/D*aGp/ép H* H*
), \\‘ g \\\ Z/y I/"\\ Z/y
W*/7Z\ JWE/Z Z)y N AR A N
ANNNNARBANNNNAN ANNNNARBANNNNN S--
HF
H* D, G, D, G,
wE 7T WwE zZ 7 N Z z 7 N Z
AVAVAVAX | IW\/W AVAVAVA | I“\/\/\/\/ AVAVAVA | /W/\/
D/D*G,/G, DG, Gy D"

** New gauge bosons contribution: subdominant due to the smallness of the
new gauge couplings gy and gy
¢ Heavy fermions contribution: Vanished!
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II. W mass shift in G2ZHDM

¢ Heavy fermion contribution Dropped gy, gx terms

/

L(f") =eQ;nu (JFH’YufH) (A¥ —tan Oy Z*) + - - -7,

Hﬁw(qz) =0,
HfH ()= NCB2Q? ’ — AS=AT=AU=0
H,j;Z (¢°) = —NCeZQ?cH tan 0 : o
112() = Nee?Qu tan® OTloa(@) , _

112

m?H —z (1 —x)q2>

1
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II. W mass shift in G2ZHDM

h, h; i
¢ h-parity even scalars contribution O Whz LN Wz N W
Wi/Z ‘\ /, Wi/Z \ /
wt/z o
3sin? 0, m;, m;, 0y m;, m;,
AT(®n) = 16752, | m?. — m? log m2, ) \m2, ) m2 —m?2 log m?2
w ho w w w ho Z VA
— (h2 — hl)]
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II. W mass shift in G2ZHDM

TBY) Fud g a

hi
¢ h-parity even scalars contribution O Wz ez W S Wz
w=/z '\ "w=/z \ ,
w*/z ot
6, =0.1rad W mass shift
0.001} - i
- 0.8 . -
3 n
£ 0.000- \ i .
c 0.6 - \ .
© ) SRS
o = b\
S —0.001} 1 o4 e
O \ \
= ! <
5 T L
S 0.2+ \ S \\ _
—0.002[ . . 0N,
U Amy, = 5 MeV 4(%
1 1 IIIIIII IIIIII 1 1 Ll 1 1 11 |||||| 1 1 |||||I| IIII—
100 107 102 103 Ofoo 101 102 103
mp, (GeV) my, (GeV)

¢ This contribution to W mass shift cannot explain CDF 1l anomaly due
to the Higgs signal strength measurement at the LHC
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II. W mass shift in G2ZHDM

H*,D/D*,G,/G, H* gt
% i H 1 R RN Zfy TN 7
% h-parity odd scalars contribution wr s g el e

HT

H* D,G, D,G,
W/ Wt z N 7 zZ 7 z
’\/V\/\!(\ /"\/W\/ WW\ /vvvvw AN /vvvv»

D/D",G,/G, e Gy D"

1 2 . 2
AT(HQ) = W F(mHi,mD) COS 92 + F(mHi,mW/) S11 92

1
— ZF(mD,mW/) sin’ 202] :

Where m,,+ is the mass of G~p which is absorbed by the
longitudinal component of W'

And

5 log

2 2 2,2
m1+m2 . Tf;lm2 (
2 mi—ms

NSIOL—'SIO

) for my # mao

0 for mi = m, .

F(ml, mg) =
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II. W mass shift in G2ZHDM

HE= D", Gy/Gy

¢ h-parity odd scalars contribution wir s apl
1 m2. RN
AS(H;) = 36, —3log +6 (cos 0y — 1) e

m2
mp
+ 3 (2 —log ( )) sin* 6, + G(mD,mW/)sm 202}
mW/

2
— (6log <::2D) — G(le,mHﬂ:)) sin® 0,

W/

— iG (mp, my~) sin® 202} :
Where:
(Tm$ — 2m2m2 + Tmj3) m3 (3m?2 — m2) m3
G (m17m2) - 2 2\2 — 6 2 2\3 1 g W
(ml - m2) (ml —my 2

in the limit Ofmz — My, G(ml, ml) = 12.

\\m
R
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II. W mass shift in G2ZHDM

¢ h-parity odd scalars contribution v QA
my+ =500 GeV, my =50 GeV G ol ok
R ittt T~ 5 G
- / \
W-boson mass rog CDF 2022 1| CDF 2022 fixed U =0 ;
measurementat [ 7| |
CDF R = = :
: £ of ) £ o |
R L N P ’ o !
1777777 —— I
o
: _1} 95% C.L | 1l :
, m 68% C.L ,
1 | ] ] 1 1 1
\ —200 0 200 ~200 0 200 )
CDF W-mass f Mo __Mmup—mp(GeV) my=—mp (GeV)_____ .’
// =
/ \
I \
1 1r 1t |
1 1
I — — 1
13 B ;
| - - | - - I
1 0 £ oo !
| © Y :
1
1 i I |
old W-mass /: -1 -1 :
| | | | | 1
\ —200 0 200 —200 0 200 !
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I1l. Numerical result — constraint

+** Constraints
1. Vaccuum stability and perturbative unitarity =~ R. Ramos, VQT, T.C. Yuan 2021
2. Higgs data at LHC including Higgs decays into fermions and Higgs decays
into diphoton
* Higgs de+ca_ys intot*t-  ___.._ cos(@l)yfw
uhgh =1.05%033  cms

f

* Higgs decays into diphoton
upry =096+ 0.14.  ATLAS

3. Global fit values for S, T and U oblique parameters which have been
included the new high-precision W-boson mass measurement at CDF II:

AS = 0.005 + 0.096
AT = 0.040 + 0.120
AU = 0.134 + 0.087

Ser = 0.91,85, = —0.65, 57, = —0.88

J. de Blas, M. Pierini, L. Reina, and L. Silvestrini 2204.04204
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lll. Numerical result - scanning

*+* Parameter scanning range

mp, = [125,5000] GeV
m,+ = [100,5000] GeV
myzx —mp = [—500,500] GeV
my,r = [0.1,5000] GeV

.= [ 5]
0, = —g %] rad

** We sample the parameter space using emcee package

** We employ two sets of scanning: one using the global fit values
for the oblique parameters ( ) and one using the old global fit
values (PDG-2021)
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I1l. Numerical result

0.015
0.010}
0.005¢ : 20
0.000} 1 1o
%\ L L
© —1.55¢ T
‘(:‘ -1 PDG-2021
© 7771 CDF-2022
~1.56}
~1.57} S ek —
—50 0 50 100 150 200

¢ CDF region preferred a non-degenerate mass between charged
Higgs and dark Higgs
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Di-photon and Zy production
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tnozy

FGZHDM
FSM —1
h-Zy n

2270 CDF-2022
I PDG-2021 7
" HL-LHC
| |
2 3 4 5
mpy= (TeV)

Tar

(]

[/ D——

I
--- HL-LHC

2 3
my= (TeV)

¢ Effects from the mixing between the SM-like Higgs h; and extra scalar h,
** New contributions from the charged Higgs and heavy fermions in the loop
** CDF region prefers to a larger deviation as compared with PDG region
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Dark matter
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103 —
b Annihilation "7 PDG-2021
10 — Larger .th T.._0 CDF-2022
101k .
10%¢ .

B
& o1t —

1072 —l Co-annihilation -

T————

Mass splitting between h-

parity odd particles W' and D

E Smaller QR2 /
10_35_ =
: 3 v-floor ~.
- -4 , L L -50 N T R
107752 103 10¢ 910t 102 107 104
my, (GeV) my (GeV)

v" Most part of the favored region can be
probed at future DMDD searches
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IV. Summary

We computed the contributions to the Peskin-Takeuchi oblique
parameters S, T and U from additional Higgs doublets (h-parity
even and odd ) and extra heavy fermions in G2ZHDM

We found out the effects from the h-parity even scalars and the
extra heavy fermions are small, while the h-parity odd scalars can
give a sizable effect.

The new W mass measurement at CDF Il can give discernible
impacts on the mass splitting and mixing effect among the h-

parity odd scalars

We show the impact on the collider searches for di-photon and

yZ productions, and DM physics in the model
22
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