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|
Is the SM the complete picture?

@ No compelling evidence of new physics from the energy frontier (LEP,
Tevatron, LHC) so far.

@ Other experimental observations necessiate new physics.

1) Muon anomaly: A 3.6 o discrepancy between SM prediction and
experimental data gives

Aa, = aS® — M = 288(63)(48) x 1071 .

2) Neutrino mass: Impossible to generate non-zero neutrino masses within
the SM alone — Seesaw mechanism!

@ Our motive: To search for a common framework to accomodate the two
aforementioned issues.
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|
A Type-ll seesaw solution?

@ Features a scalar triplet A(1,3,2) with mass scale Ma
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@ Majorana neutrino mass mY = ﬂYKvA ~ HYX#
A
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|
A Type-ll seesaw solution?

o Leptophillic H*, 6" = Additional contributions to Aa,
@ The contribution turns out to be negative. (JHEP03(2010)044)

° Aa# — Aazingly charged + Aa/cloubly charged

(m2)e+  my, (m3)r  m,

= - 722 7 22
967 VAL 127 vAmy,

@ Opt for non-minimal framework
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Proposal: Type Il + more charged scalars

@ We augment the Higgs Triplet model with the charged scalars

kTt kT, k:[, k.
@ A Z3 symmetry is introduced.
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|
Proposal: Type Il + more charged scalars

@ The scalar potential V=V, + V5 + Vy (e =€, pu,7):

Vo = p3(67¢) + MAT(ATA) + mi |k*F P + Mgkl ky

Vs = py ¢ (i09) AT + iy Tr (ATAN KT 4 1 s kT RTE™ + Hee.

Vi = M670)* + Moo Tr(ATA) + X [Tr(ATA)? + A Tr[(ATA)] + Ny6TAATG
X501 BT+ A Ta(ATA) T2 + A7 (ST AGk ™ + Hec.) + Agl kT
gl @k kT + A Te(ATAYEF kS + Ak kg kT Tk
A0  ATOkS + Akl ko k k.

@ We choose a diagonal M,g. Soft Z3 violation retained in through
off-diagonal entries of pip

@ Seesaw-like Yukawa interactions get flavor-restricted + New terms:

Ly =~y LS (ioy)ALe — y& ef egk™ — 2yRT IS ioca AL, — 2987 g k™
- > yie [iool ki +He
a=e,[,T
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0t — kT mixing

o A\ (¢TA¢k— +H.c) 228 Mixing between 5+ and k*+

St = oMt 4+ spHET

kTt = —Sg/‘/lJrJr—|—C‘9H2JrJr

@ We choose a real A7

o No mixing amongst (H*, k[, k', k) in the A;> — 0 limit and for a diagonal
Mag
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Radiative contributions to r-mass

@ 7Z3 symmetry = A contributes to the ee and u7 elements of m,

@ Two-loop contributions arise:
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® 73 breaking 1,5 enter these amplitudes.
@ Diagram on the left is similar to what is seen in the Zee-Babu model.
@ Diagram on the right an artefact of 67+ — k™" mixing.

Nabarun Chakrabarty (NCTS, Hsinchu, Taiwan) Muon g-2 18.12.2018 8 /22



|
Chirality flip and Aa,

@ A and k*T can couple to leptons of specific chiralities only
Ly D -2 yZTEiazALT — 2yET G TRkt 4+ Hee

@ The mass eigenstates couple to mixed chiralities

Ly D ZE(Y,‘CZBPL + yﬁ‘?ﬁPR)ég H,-++ + H.c.

where,
o= v,
o=y,
o= yxls
o = —ydPe.
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|
Chirality flip and Aa,

° Aasingly charged ~ (YKT)Q _ mi(yZ)Z _ mi(YZ)Z
5 - 487r2M2 48w2(MS5)? 48w (M;)?
@ 6 # 0 = Chirality flipping effect in the 1-loop diagrams for muon g-2

Ly D f2yZTEi02ALT — 2yET G Tkt 4+ Hee

e For Myt = Mt + AM the chirality flipping contribution is

HT T
m,m
Aaioubly charged - YA s e A Msyey log —r

m2
1672 (M++) (M;r+)2

Size of the chirality flip is ~ O(m;/m,) = Aa, >0
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-
LFV

o Z3 symmetry — H;"J couple only to ee and u7 bilinears
— kI couples to uv.; k,f to Tve; ki to ey,
4

(1) Only 7 — fiee has non-zero rates among the /; — /;-/kI/ LFV processes

(2) I; — iy also absent

@ We choose the following parameters:
(Va, My, M ME ya vy, y&, yR™, yE™, 6) as independent.

o Constraints
(a) 12 x 1071 < Aa, <44 x 1071% (20 range)
(b) BR:—5ice < 8.4 x 107° (most recent limit)
(c) A&7 =2spco [(M5T)? — (M{)?] /v? remains perturbative, i.e., |A7| < 4w
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Parameter scans

o My+ = M+, MI ~ 800 GeV, va = 10715 GeV

e y\" is free from the m!™ constraint.
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Parameter scans

o Parameter space most relaxed for maximal mixing (6 = 7)
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Chirality flip and v-mass

® m, = Treeqypenl + Loopzg + Loopg++ _j++

af af
my,” = ﬂyA‘ VA
" rol (’! ‘/([‘/j] l./! l/(l/ !(’ Hl//l //l
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_ f dipg diqp MMy
2m)d (2m)d (pf + mi)(pg + m2)(ag, +m3)(aE +m3)((pe +qr)? +m?)

Ia(my, mo,m,me,my)

_ / d’pr d%qp PE-E
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myo2 — MY, m— M, m.4— lepton mass
:
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Chirality flip and v-mass
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@ [inp do not enter into muon g-2 and LFV amplitudes.

I

@ Can be tuned to fit the v-oscillation data
@ /p integrand has a different momentum structure.

2 2
° I-OopéJrJr—kJrJr ~ (mscalar/mlepton) I-OOPZB

@ 0 # 0 causes the new 2-loop amplitude to be dominant.

I

® (1o << Trilinear parameter in the Zee-Babu model
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Conclusions

@ &7 — k' mixing = Chirality flip leading to a possible explanation of the
muon anomaly

= A two-loop amplitude different from the Zee-Babu.
@ EDMs do not arise at one-loop.

@ Possible LHC signal: pp — v*(Z*) — H{ tHy = — pfpu=77
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Thank you
for your attention
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1
(g +mi) (g% +m3)(pe + qp)? +m?)
1

(milmalm) = /ddpEdqu

2mi|lmalm) = d*ppd®
@mimalm) = [ pu'as W + P+ ) (m + 5+ )

Ia(my,ma,m, me, ma)

__ [ d%p d'qe PE-9E
@0 (om0, + )% + D ah + e + 7 + 4 ) )

We define
Dy = ph +m?
Dy = q?; + m%
De = ph+m;
Dy = i +mj
D = (pp +4p)* +m’
and

In(my, ma, m, me, mg)
1 / dpp d%p | (D —m? - D +m% — Dy +m§)
B (2m)? (2m)d

2 D1D.DyDyD
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