Revisiting Froggatt-Nielsen
mechanism

Keiichi Watanabe (ICRR, U Tokyo)

Work in progress

with M. Ibe (ICRR), S. Shirai (IPMU), and T.T. Yanagida (TDLI)

SUSY2023 @ University of Southampton, 2023.7.21



1. Flavor puzzles and FN mechanism

2. Good FN charge and phenomenology

3. Summary



1. Flavor puzzles and FN mechanism
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Situation

There exist flavor puzzles in the SM !



Fermion mass structure
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There is hierarchical mass structure.
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Mixing matrices have distinctive structures.



Froggatt-Nielsen (FN) mechanism

C.D.Froggatt and H.B.Nielsen, Nucl,Phys.B 147 (1979)

SM fermions have charges under new U(1) symmetry
fi + q(fi), (i: generation )

We cannot write ordinary Yukawa interactions

fifi H i

If we introduce new scalar § : —1, new operators

can be written
¢ \|aUd+a(fy)|
KijfifjH (M_pl) Kij :0(1)



FN mechanism (sequel)

If S obtains VEV, Yukawa interactions arise,

la(FD+a(f;)| (s) la(FD)+a(f;)]
ki Jifi H (MPI) S - (S)> ki Jifi H (MP1>

)

Yij = Kij X slatfo+alsyl d =(S)/Mp; <1

Hierarchy is realized naturally by this mechanism.



2. Good FN charge and phenomenology



How to find good charges

Compare the plausibility of multiple different
FN charge assignments

We adopt the Bayes factor

(J. Bergstrom, D. Meloni and L. Merlo, PRD 89 (2014) 9, 093021 )
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P(M;|Data) «< P(Data|M;) X P(M;)
= f d6 P(Data|6, M;) x P(8|M;) x P(M;)
P(M;): prior probability of models
P(6|M;): prior distribution of model parameters

P(Datal6, M;): likelihood function



Bayes factor
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Set up

~Ly =Y QiU H+yq,;; Qi d; HT
+yeii Ly & HY +y, (L; H)(L; H)/(2Mg) + h.c..

yij = ki; X §190D+a0 D]
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Concrete functions

P(M;|Data) «< P(Data|M;) X P(M;)

= f d@ P(Datal|6, M;) x P(8|M;) x P(M;)

P(6 = K;;, 8|M;) < exp(—tr(kTK)),  (v;; = K;; x 8/l
P(M;) = P(M;) for i+ j

P(Data = x,|6, M;) < §(x,(0) — x3°%)
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FermlOﬂ YUkaV\/aS yu) y(,‘) yt) yd) ys; yb) ye) yl,u y‘[

CKM and PMNS szKM, S%(M, SEBI,<M1 5 CKM.
parameters sPMNS - GPMNS = GPMNS

Neutrino mass ratio  Am?%,/Am%; = m% — m5/m% — mj



Results(quarks)

§ =017, q(Q)=(@3,20), q@ =(420), q(d)=(@333)
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Results(leptons)

5§ =023, q(L)=(4,43), q(e)=(520)
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How to explore flavor

- We have studied proton decay

Proton decay is a probe of high energy physics

Branching fractions of proton decay

- Details of flavor structure
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Dim-6 operators relevant to proton decay s. weinberg, PRL 43 (1979)

1 _ 1
(1) _ —T=T\(=T 37T (2) _
Ojikt = e (@; e; )(ed)), Ojivt = e (Q:Q;)(QxLy),

1 _ 1
@ _ 1 i @ 1 4
Oijia = 372 (4 d) (QicLo), Oy = W(BJUJT)(QRQD,

(i,j, k, 1) : flavor indices, M :an energy scale



FN charge dependence of operators

(1) —q(u;) —q(éj)—q(ug) —q(a
Cijkl°C5| q(@) —q(éj)—q(uy) —q(dp)|
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Branching fraction

(ﬂerz]T)(QkLl)

po>rttv
psrO

p-mle*

1076 1074 0.01 1

22



Contents

1. Flavor puzzles and FN mechanism

2. Good FN charge and phenomenology

3. Summary



The FN mechanism is a promising mechanism to
explain the flavor puzzles

We are searching for good FN charge assignments
which can explain the flavor puzzles

We need to find good FN charge assignments to
search for new physics



Thank you for your attention!



Integral measure

A = ULZUI‘; Y = diag(oy, 0,, 03)

l_[ d Re(4;)) d Im(4;;)
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Prior function

m(ky) =T (:Vu © 5_|qi+uj|)

= exp(—tr[(y, o 6710 (3, 0 57l 2)

Yu = Uy 2y U;IL-R1 L= diag(o-ub Ou2, GuB)
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Neutrino ordering(inverted)

Histogram of R (= Am3,/Am?%,)
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Branching fraction
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Branching fraction
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