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Dynamical solution with an extra anomaly-free abelian group
[R. Alonso et al. : 1807.09792]

[A. Smolkovic, MT, J. Zupan: 1905.xxxx]
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One generation example

GFN = U(1) with charges [φ] = 1, fermions [dR/L,n] = +n, [qR/L,n] = −n.

qL,Nq qL,Nq−1 qL,1 qL,0 dL,1 dL,Nd−1 dL,Nd

qR,Nq qR,Nq−1 qR,1 dR,0 dR,1 dR,Nd−1 dR,Nd

M ⟨φ⟩ M ⟨φ⟩ M ⟨φ⟩ H ⟨φ⟩ M M ⟨φ⟩M

L1 = Lkin + Lq + Ld +
(
Y d0 q̄L,0dR,0H + h.c.

)
,

Lkin = i

Nq∑
n=1

q̄R,n /DqR,n + i

Nq∑
n=0

q̄L,n /DqL,n + i

Nd∑
n=0

d̄R,n /DdR,n + i

Nd∑
n=1

d̄L,n /DdL,n,

Lq = −
Nq∑
n=1

(
Mq
nq̄L,nqR,n − Y qnφq̄L,n−1qR,n + h.c.

)
,

Ld = −
Nd∑
n=1

(
Md
nd̄L,ndR,n − Y dn φd̄L,ndR,n−1 + h.c.

)
.
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Flavon vev 〈φ〉 spontaneously breaks GFN ,
Nq × (Nq − 1) mass matrix for q and (Nd − 1)×Nd for d,
Nq +Nd massive eigenstates and two massless eigenstates (zero modes)

q′L,0 =

Nq∑
n=0

V qLn0 qL,n, d′R,0 =

Nd∑
n=0

V dRn0 dR,n.

Overlap of the zero modes with the n-th node (Y dn = Y qn = 1, Md
n =Mq

n =M )

V
qL
n0 = N qL0

(
M

〈φ〉

)Nq−n
, V

dR
n0 = N dR0

(
M

〈φ〉

)Nd−n
,

for 〈φ〉 �M and large Nq(d), the zero mode - zero node overlap is exponentially
suppressed
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The zero modes acquire mass once Higgs acquires a vev

md ' V qL00 V
dR
00

Y d0 v√
2
' Y d0 v√

2

(
M

〈φ〉

)Nq+Nd

.

Extend this model to three quark generations with GFN = U(1)3 (decoupled chains)

M1

〈φ1〉
=

M2

〈φ2〉
=

M3

〈φ3〉
' λ = sinθC ∼ 0.2,

(md)ij ' λNq(i)+Nd(j)
v√
2
, (mu)ij ' λNq(i)+Nu(j)

v√
2
.

Another minimal model can be obtained assuming GFN = U(1) (coupled chains).

Both models are easily generalized to include leptons and PMNS matrix.
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Z’ phenomenology

Z’ phenomenology
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Z’ phenomenology

GFN = U(1), extra gauge boson with gauge coupling g′.

L ⊃ −1

4
BµνB

µν − 1

4
Z′µνZ

′µν − ε

2
BµνZ

′µν +BµJ
µ
Y +W a

µJ
µ
Wa + Z′µJ

µ
FN ,

If ε→ 0 we neglect kinetic and mass mixing and have (f = u, d, `, ν)

L ⊃ Z′µ
∑
f,i,j

[
g′cijfL

(
f̄
(i)
L γµf

(j)
L

)
+ g′cijfR

(
f̄
(i)
R γµf

(j)
R

)]
,

Couplings from rotation to mass basis

cijuL
=
(
V †uL

c′qLVuL

)
ij

Both diagonal and off-diagonal entries!

cuL =

 −2.722 −0.411 + 0.102i 0.004 + 0.013i
−0.411− 0.102i −2.228 0.025 + 0.058i
0.004− 0.013i 0.025− 0.058i −0.002


cuR =

 2.932 0.058 + 0.155i 0.004 + 0.005i
0.058− 0.155i 0.992 0.078− 0.049i
0.004− 0.005i 0.078 + 0.049i 0.009


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Z’ phenomenology

Rich collection of processes to look at!

Flavor diagonal

Direct Z′ production

Atomic Parity Violation

Neutrino trident

Anomalous magnetic moment

SN1987A

White dwarf cooling

Flavor off-diagonal

Meson mixing
(K0 − K̄0, Bq − B̄q, D0 − D̄0)

µ→ e conversion

Decay to three leptons
(τ → 3µ, τ → 3e, µ→ 3e)

Radiative decays
(τ → eγ, τ → µγ, µ→ eγ)

Rare meson decays (K+ → π+µ+e−)
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Z’ phenomenology

Preliminary!

Strongest bounds on parameter space
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Summary and Conclusions

Summary and Conclusions
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Summary and Conclusions

we identified a simple anomaly free twist of FN models of flavor;

expansion in M/〈φ〉 ∼ λ can reproduce fermion mass spectrum;

can be gauged;

rich phenomenology for Z′;

Z′ can be light.
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