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Discrete Symmetries in Model Building

Stabilising dark matter candidate
Avoid flavor changing processes in 2HDM: type 1, type 11, ...
R-parity in supersymmetry
SM: no discrete symmetry, only gauge symmetries and accidental (approximate) global symmetries
Spontaneous discrete symmetry from gauge symmetry breaking
e Suppose there 1s a U(1l)' symmetry under which particles have either integer or halt-integer charges
e T'he U(l) symmetry is broken by the VEV ot a scalar field which has a integer charge

e '|'here 1s a remaining Z» symmetry under which only the particles with half-integer U(1)' charges are odd
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lype Ib Seesaw Model with a U(1)' Symmetry

Particles and symmetries

T e Uil e e o el e e - e el B et e e N el P e

g 1 > 1 | 2 | o 1% el
UQl)y | = 2 | =3 | -3 | -1|-35|-31] O 0 0=2==0
U(1) 0 0 0 0 0 s ] 1 - 1

Due to the U(1)' charges of the Higgs doublets, the charged fermions can only gain mass from non-

renormalisable operators qr,,P2urgo, C]_La(i)ldRﬁ¢, ZaiﬁeRﬁﬁb JLoP1URBD™, Q_Lai)zdRBQb*, Za(jDQ@RBQb*
Loripm D —Y 5010 Pours — Y50, P1drg — Y3laPrers + huc.

lype Ib Seesaw Lagrangian N = (Ng&;, Ng2) O 0F

LSGGS&WIb == _YlaEa(I)lNRl =2 YZaEa(I)ZNRZ o MNfc{lNRZ J= e
Lseesawlb T 1*a@aq)1<NL == YQaEa(I)ZNR S MN-/\_/LNR S5 h.c.
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lype Ib Seesaw Model with a U(1)' Symmetry

Particles and symmetries

T e Uil e e o el e e - e el B et e e N el P e

g 1 > 1 | 2 | o 1% el
UQl)y | = 2 | =3 | -3 | -1|-35|-31] O 0 0=2==0
U(1) 0 0 0 0 0 s ] 1 - 1

(Gauge sector

Ly = (lel)l)Jr D"y + (D;(I)Q)]L D" ®y + iND'N +ixztD xr + Xzl xr + D;ﬁD’“qb

:
D; — 0l @592 o e e SR B E igiY’Bl’L

Dark sector: two Majorana dark fermions yia XS xrL + y?gb X% XR + h.c. = mrx$xL + MrXGXR + h.c.
After ¢ gains a VEV, the U(1)' symmetry 1s broken into a Zs symmetry, under which only XL and XR are charged

Hierarchical dark fermion masses: X . decouples betore the freeze-out of XRr happens
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X4

Briet-Wigner amplitude M |2 X

Ireeze-out temperature Xy =

Free parameters: My, Mz, g

-~ - D " - — ——

Freeze-out Production of Dark Matter

DM interaction with the thermal bath
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Resonance in DM production when My, ~ 2m,,
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Constraints on the Parameters

Gauge boson mixing limit

: 95 —019> 29294 cos 2f3
L= =102 o —2g197 cos 203

2
5 2g0g; cos28 —2g197 cos 20 49’12 (1 Sin Z—ﬁ)

e icos =7 st 7 cos s

RS,
R EE) Vi 7L292 = R givé = (6.7TeV)2
91Y%

Perturbativity limit of the U(1)' gauge coupling

o« Mz > my: v, < 7.1 TeV, not compatible with gfv3 > (6.7 TeV)

o Mz < my:my <12.2TeV, not compatible with g{v2 > (6.7 TeV)?

e MZ’ ==l

Perturbativity limit of the Yukawa coupling
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Result

Analytical calculation shows that M, and m, have
to be of the same order to get the correct relic
abundance

The masses of y and Z' cannot exceed 24 eV
and 44 'leV respectively

T'he parameter space for my < | '1eV and M, < 2
1eV 1s very untavored by the massive gauge boson
mixing angle

Minimum value of gi' around 0.04
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Effective Model
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Fourth tamily ot vector-like fermions
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Yukawa-type interactions and fourth family fermion masses

£Yuk e Y(gfq_La

L:mass =) Mzi]q_llqél =

Fermion masses: an example of up-type quarks

T i S Ehar e G
<I>2u4 — Yq4 QLaq)ldél — Y54uR5(I)EQ4 — Y56Z4dR5(I)J{Q4 = Yof4€a(1)164 e~ Y546R5(I)]£€4

84

Ea ycq)z4¢ q_LOéQ4 = 9545@5164 — yg4$£6d4 — y§4¢ Ea&l = y§4$§564 + h.c.
“Tgug + Midydy + Myl +

do

e_
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<= Pourth tamily of vector-like fermions
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<= Yukawa-type interactions and fourth family fermion masses

e DN —Y(;u’ﬁq_La(I)QURg — Yoilﬁq_La(i)ldRﬂ — Ysﬁzai)leRg + h.c.

= It g4, the lightest fourth family charged fermion, 1s not too heavy, 1t makes an extra contribution to the amplitude

during the freeze-out
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Result

Extra contribution from g4 scattering

44 X

T'he mass of gqs1ssetto 1 TeV
Allowed parameter space 1s enlarged

The maximal masses of y and Z' increase to 31

TeV and 52 'TeV respectively
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Renormalizable Model

i
|
2
I T 1T J T T TTJ T TTTTTTTTT T TTTT /I,' 1T 1T 01 1 ' ‘
SOE 5 l,'/::/v MZ =1TeV . / % %
45 : 4 . ,//,///,// - //// E : %
woF [ #& ‘ T
O ; 2 64»' : . /// E |
- 1 2 3. - _
35E ) 3 |
- & / -
30F \\J@@\\ // -
= & -
25F N % -
E L ;
20F N 4 n
- 4 -
15F W 1=
\ /// —————— g E
10 7 // ———————————— E
| 50 -
5 6/’/,, -
1 I I s e T N O I N I T I A N ' j
1 5 10 15 20 25 30
m, [ TeV ]

E—E




D e A bl

AT PO VU WEECT v T

B L]

AR WA T P e T R AN rrm-u-—T

LW O SASTVER P Rl s ERIVETRL. £ B T W B

POV WP RETIET R ANV P T Y BT 0T R YT RS T
i v ! NP .
J

D)

D)

Summary

We have considered the possibility that dark matter 1s stabilised by a discrete Zo symmetry which arises from a
subgroup of a U(1)' gauge symmetry, spontaneously broken by integer charged scalars, and under which the

chiral quarks and leptons do not carry any charges.

After the U(1)' symmetry breaking, the dark matter candidate can only interact with the thermal bath
through processes mediated by the U(1)' gauge boson and therefore can be produced thermally in the early

universe.

We considered a high energy renormalisable model with a complete fourth family of vector-like termions,

where the chiral quark and lepton masses arise from a seesaw-like mechanism.

We have explored the allowed parameter space ot both the etfective and renormalisable models, and found
that the dark matter can only be produced correctly when there 1s no hierarchy between the masses of the

dark fermion and the U(1)' gauge boson.
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