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Standard Model of Elementary Particles
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Motivation




Field Content

Particles | Spin  SU(3)¢ SU(2). U(1)y | U(1)
. |12 1 2 12 0
6 |12 1 2 1/2 | +x
o |12 1 2 172 | —x
H 0 1 2 +1)2 0
Ne |12 1 1 0 —x
N, |12 1 1 0 +x
N, |12 1 1 0 _%
N, |12 1 1 0 +x
M 0 1 2 412 | 4%
T 0 1 2 412 | X
S 0 1 1 0 +x
o 0 1 1 0 +X
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Scalar Potential

V(H, nunr, o) = — wilHP + 2 0l = 13|S17 = pllol® + Ml HI* + Xalnl* + As|S[*
+ Nl l* + Aso|SIPlo|? + A2l HI 1l + Mol H e + A3 HI|SI?

Nl 2102+ Xsle ISP + Neghiea Pl + 2 (Hinublne +hec)
+ lso (5(0*)2 + h.c) + UHn, o (HT'I%—O' + h.c) + tHn,o (HTHMU* + h.c>
+ Atin, 5o <HT77M5*J + h.c) + Ay, HSo (niHs*a n h.c)

+ Apun.s (mmTS + UTnL5> );5 (HTWMHTnT + h.c)
+ lSo (5(0*)2 + h.c) + lHn, o (HTUTO' + h.c) + foHn,o (HTHMO'* + h.c>
+ Ao (S0 +0.c) + Ayisy (nHS™0 + hic)

+ X s (77;/'7 S*+nm! 5) 6/17



Scalar Fields
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Scalar Fields that acquire VEV

The mass matrix for scalars that acquire VEV:

3 v2
o [ 34 SV - A A13VVs
mh - 2 3 2 )\13V2
)\13VV5 — g + E)‘3Vs + -5
that is diagonalized by a unitary transformation ZHm,z,Z,I = m% diag’ such that:

ho _ 7 hi\ [ cos@ sinf h
SO) = “H\h ) T \—sin® cosb) \ h
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Lagrangian for Right-Handed Neutrinos

- ['N = YeezeﬁTNe + Yeuzeﬁulvu + YeTZeﬁTNT
+ YeplefiuNy + Yl yiir Ny 4 Yl iz N,
+‘y;Té;ﬁuAh'+'y;eg}ﬁuA@‘+'Y;uZ;ﬁTAht

- 1 — 1, —
Vgl Ny + 5 heeNENeS -+ 2 by NG N, S*

1 1, —

+ §hTTNTCNTs + 5h,J,JNgN,Js*

L1
2
1 Nc Nc 1 Nc Nc

+ §MPT (NSN; + NEN,) + EMep (NEN, + NSN.)

. . 1 - .
her (NEN; + NENG) S + Ehp# (NpCNu + Nﬁ/vp) S*

1 — — 1 _ __
+ EM’” (NSN; 4+ NEN,) + EI\/IEM (NEN,, + NSNe) + h.c.
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Mass Matrix for Right-handed Neutrinos

The mass matrix My:

heels  Mey her's M,
My = Me\;f s % Mu; hyp \%
herls  Mur bl M,
Mep  hyp % Mpr hpp %
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Effective A5 coupling |
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Effective A5 coupling I
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Direct Detection
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Dark Matter Relic Abundance
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Dark Matter Relic Abundance |l
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Dark Matter Relic Abundance [lI
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