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Higgs in the Standard Model

The Standard Model
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Radiative Mass Generation Particle Content

Adding the A, Symmetry
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lass Generation Particle Content

New Particles

(l/i7 l’L)L ~ §a liR ~ la l,al”) D~ l
(B> E7)pr~1, y; ~1,11", Npp~1, x; ~3.
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Radiative mass — No 1672 suppression factor for radiative processes!
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Radiative Mass Generation Particle Content

Breaking Ay

Soft term xzyj breaks A4 to Zs:

A4 :l7

Zs : 1, w, w2, 1,w,w2
with w = exp (27i/3).

(1’1,%’2,1’3) ~3 — lx1+ lxo+ lxg~1

l.xy + wz.ﬂj‘g +w.x3 ~w

lxy +w.z9 + w2.a:3 ~ w?

* * 2 *
lel, Yg ~w, Yz ~ w.
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Radiative Mass Generation Particle Content

Charged Lepton Mass Matrix

xzyj* coefficients:

L (11 2 0 0
U, [0 12 0)=—"42(1 w w? 0 w2 0 (8)
w MM \/g MH

0 0 pu2 1 w? w 0 0 puz

The charged-lepton mass matrix is given by

me O 0
M =U [0 m, 0 (9)
0 0 m,

where m., m,, m, are generated via the loop diagram.
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Radiative Mass Generation Particle Content

T — y mixing matrix:

T Y1 x Y2 T Y3
myp o p2 0 0 0 0
,ug moo 0 0 0 0
0 0 mg p2 0 0 (10)
Moy =14 ¢ 2 0 0
Ky T4y
0 0 0 0 mss /ﬁ
0O 0 0 0 2 megs

Crucial for avoiding flavor violation.
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SEYS SRRV WOYIERCEI Higgs Yukawa Couplings

Anomalous Higgs Yukawa Couplings

—hNLE%Jrf—FhE%NR, (Apv)ha*z, (Ao)hy*y (1)
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SEYS SRRV WOYIERCEI Higgs Yukawa Couplings

Anomalous Higgs Yukawa Couplings

N,E — 0r,0r,mi,ma.
(r1,29,23) — (:i‘,:%,x)w(l,w,wQ)

T,Yy3 — )‘x7>\y797'7m17’7m27"

Ip Ir
7

“ZhNLEY + “~hE9Np, (A\gv)hz*x, (Ayv)hy™y

\[
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HL = HRa

Higgs Yukawa Couplings

Radiative Processes

my (GeV)
632.  276. 200. 276. 632
1.20 : : ‘ : ‘
- N Afdn=-0.02
/ \
1.15}
/ \
/ \
o VN
== /
\
/ \
1.05} e N
o <\
yarat N
/// A /4n = +0.02 \\}
1.0 ‘ ‘ ‘ =
0.0 0.2 0.4 0.6 0.8 1.0
0
/2
ma mir mar
— =22, 0,=038 = 5.7, =1.1,
mi mi mi
/ f !
f D f
— =-0.6, -— =-0.19, =T = —0.54.
47 4 47
arXiv: 1511.07458 May 9, 2016

(16)

11 / 21



SEYS SRRV WOYIERCEI M uon Magnetic Moment

Muon Anomalous Magnetic Moment

KL T~ Y KR

Aa, = 39.35 £ 5.21, £ 6.3ex, x 10710 (17)

Note that this diagram doesn’t generate LFV.
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Radiative

ISYYCEEEEI Muon Magnetic Moment
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Aa,, is independent of 0r g
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Radiative Mass Generation Neutrino Mass

Adding Real Scalars

s123~3 — Diagonal Mass Matrix (19)
Ulz/ = Uw(’) — Um‘ = U:i (20)
T

Cobimaximal Mixing — 013 #0, ths3 = Z, ocp ==+ 5
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Rare Lepton Decays n— ey
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e Lepton Decays n — eee

©— eee

€
€
(&
Br(p — eee) < 1.0 x 10712
arXiv: 1511.07458 May 9, 2016

16 / 21



IBESY'MVENAIIaN Direct Detection

Direct Detection

Lightest of the s1 23 is odd under Zs and can be a dark matter
candidate.

——— -

)

(M) hs®?  — X< 3.3x107* for my = 200GeV
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IDESI' WV ENAIIal Annihilation

Annihilation

We add a complex neutral singlet scalar, y ~ 1’
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Conclusion

o A4 symmetry can be used to explain the pattern in lepton masses.
— The A4 symmetry breaking is also important for the neutrino
mixing.

o For radiative masses, there is no 1672 suppression factor in
radiative processes.

— Muon g — 2 anomaly.
— Anomalous Higgs yukawa couplings.
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Thank You!
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