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Froggatt-Nielsen model

e Extend the SM with golbal ( ) symmetry, called (1), which is
broken by the vacuum expectation value (VEV) scalar field (FN field)

with (1) charge is -1;

e SM particles also carry (1) charge, which is generation dependent,

the Higgs carry FN charge 0.
o Quark sector: —L Dy QyHul +yiQ, Hd + h.c.
y = gi A,y = gyNa with A= (¢)/Mpr

is the universal couplings, fulfill the normal distribution ( , 2)

with- =1,and =0.3, the phase of is from 0~2pi



Froggatt-Nielsen model

ij Q; |
’I’Luj7 = {f - T U )
. (1) charge » (4 )_1 a )FJN
conservation n = U(1)2k + U(1 )

e Mass hierarchy is indicated by the fermion mass ratio between

generations,eg. ,/ , /

® Taking~ and forexaple | U(1 )JL = {a,b,c} and U(1 ) o = {d,e, f}

B )\a—c—l—d—f /\a—c—|—e—f z\e—¢
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Methodology and parameter choosing

TABLE 1. Experimental measured quantities. Quark and
lepton mass ratios are taken at the scale of 10'* GeV [29],
which are almost energy scale independent [30]. Mixing angles
and CP phases are in the rad unit [31].
Moy [Tt Me /Mt ma/mp ms/me
6.58 x 107° 0.00333 0.00104 0.0201
e SM values: S " = "
012 033 013 Y
0.227 0.0418 0.00369 1.14
Me /M~ my/m- Am3,/Ami3,
0.000279 0.0589 0.0307
01 033 013 o"
0.591 0.844 0.150 — 24190

e Quark and letpton mass ratio are almost same from 10%? GeV to

e Only FN field is introduced, the mixing angle running can be ingored.



Methodology and parameter choosing

¢ \Wolfenstein parametrization

sinff, ~ X, sinf$, ~ A2 and sinf; ~ A2, where M ~ 0.2.

sm) A ~ O(V) and U(1)T: = {3,2,0)

e Assuming the FN chargesof and are {a, b, 0} and {c, d, 0}

3+a 3+b 3 3+c 3+d 3
Nuy=|2+a 24+b 2| ,ng=|24+c 2+d 2
a b 0 c d 0
gd=4,; =L
ki Me mgq meg

e i
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Methodology and parameter choosing
1 s
. _ (5] C * T pJ
e | epton sector: LDy, ELHeR + —My,, (f H ) (H EL) + h.c.

: g5
y;j = gth)\nf ’ yrj = g;-,j)‘n

e Large mixing angles U)a, = {1,05,0} UL = {e, f,0}

1+e 1+f 1
- ng=|05+e 0.5+ f 0.5




Methodology and parameter choosing

2 15 1

e For neutrino n,= 115 1 0.5
1 05 0

e Therank of is 1, which indicates that the FN mechanism naturally

prefers normal order (NO).

e By sampling 10° times using our FN charge with A =0.171 and o0 = 0.3,
we find that NO takes up about 98%.




FN charge assignment

TABLE II. FN charge of quarks and leptons.
Generation ¢ 1 2 3
e FN charge: QL 3 2 0
UR 4 1.5 0
dr 1 0 0
/1, 1 0.5 0
ER 4 1 0
e Minimum chi-square methoed to fix the value of
e TRy e g s e N Am%
X*(A) = Z (E(}j% P) HE { me My My My My m:.t'* Am%é’
053, 05505, C, 65, 05,65 }
Ty A=0.171 with x%=4.69.



Fitting results

e The PDF of quark mass ratios and quark mixing angles with A = 0.171

and o = 0.3, while the dashed lines are observations.
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Fitting results

e The PDF of lepton mass ratios and neutrion mixing angle with A = 0.171

and o = 0.3, while the dashed lines are observations.
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Predictions on neutrion mass and

e the absolute neutrino .
mass can be predicted
é . é 0.04E
= - mev n:on 0 2 p 8 8 0 1z — Eu 10 20 2 40
— mev m}, [meV] mZ [meV]
= meV
0} | -
s wf
E. 30} it -7
._E> 20- ‘----—;‘. ----- m2 ]
¢| the predictions are consistent . o e é ‘|
- - . ﬁ my,
with current observations! of ‘ :
0 5 10 15 20 25 30 35
m} [meV]




Predictions on neutrion mass and
e the effective Majorana mass ol :J;\' ———————————————
[ ;’ \k\
§ 0‘105 ,' \
e * 2 7 | \\\
Miee = Z(UPMNS)limV . \\\R
it e -

0.503 meV < mg, < 18.0meV

e the cosmology constrains

me, < 0.1eV

102 1071 100




Summary

® The Froggatt-Nielsen model provides a good explaination for the flavor

pzzle;

® We propose a consistant FN model that is consitent with the current
observation of mass ratio and the mixing angle. The FN charge is derive

by doing a qualitative analysis;

® The FN model is naturally prefer NO case and predict a set of consistent
neutrion mass, i.e., C = ., meV. Besides, a relatively

large part of the preferred parameter space of can be detected in the

near future.
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