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Froggatt Nielsen Mechanism

. . ~0.511 MeV/c? =173.1 GeV/c?

« SM fermion masses span five orders of magnitude 1 %
Y e me < My v, {
« What explains this flavor hierarchy?
electron top
« RG flow of O(1) Yukawas in UV to IR? No!
« Froggatt & Nielsen (1979) :
» Scalar flavon (f) and in UV, charged under horizontal U(1)y symmetry

» SM fermion fields also carry U(1)y charge, Higgs H neutral

> Interactions in UV are FN chains. When flavon acquires VEV in UV, effective Yukawas arise in IR
| | | |
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(U(1) g charge decreases from left to right)

Integrate out heavy fermions, flavon gets VEV
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IR Power Counting

Integrate out heavy fermions, flavon gets VEV

(Y)1QHd,
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- Naturally leads to a power counting parameter A = (f)/My for Yukawas in the IR

Power of )\ is dictated by U(1)g charge differences of SM fields.

SM charges can be inferred from flavor sector observables and masses
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BSM Applications : An Example
« FN counting can be extended to BSM physics as well

« Charge new fields under U(1) g, and infer power counting of effective operators in the IR
arising from new physics

- Example: Scalar leptoquark (LQ) S; charged as (3, 1, %) and assign U(1)y charge as 0
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. FN organizes spurions from BSM in a bottom up EFT analysis via power counting.

« Power counting provides good prior for search for BSM couplings



S1 LQ without FN

Example ;51 LQ (Bordone, Cata, Feldmann, Mandal, 2010.03297)

Ay ~ O(1), AY ~ O(1).
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S, LQ with FN

« Example : 57 LQ
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PRELIMINARY
8t 0 Mass range excluded by current
-1 experimental bounds

> Vanilla FN counting for TeV scale
LQ still excluded by lepton flavor
violating (LFV) observables

Naive FN counting not enough!
What gives?

Observables



Augmenting FN Counting : Wrinkles

« Abandon FN power counting? Solution : Wrinkles
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« Wrinkles introduce additional power counting in spurions / Wilson coefficients,
in the EFT to probe simultaneuous bounds on observables

* Encode exact details of FN mechanism in the UV (details of heavy fermion spectrum,
additional global symmetries in flavon sector) in a bottom up EFT analysis
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Vector fermion with appropriate U(1)y charges absent in spectrum
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O = f U,yU4 forbidden by additional symmetries in UV = =) Chain is lengthened. Wrinkle!
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Wrinkles : Constraints

 Arbitrarily large suppression using wrinkles?

« Need definite power counting in spurions and Yukawas -
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UV : Radiatively generated Yukawas from Higgs or LQ) loops are suppressed,
relative to tree level FN chains

IR :Among all spurions compatible with SU(3)32,...... Symmetry, one needs a

definite power counting to identify the dominant one

o Trivially satisfied in naive FN counting MEIFILIL > \lQIH[El] ) [Tul+ell yllel+[L]]

« Place lower bound on wrinkles; prevents arbitrary suppression
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Wrinkles: UV Realizations

U, | _

~ \@sla+[u2]ar — 2

} Vanilla FN expectation
Q3]lg =0 |to]g =2

An example modification : More Flavons with Symmetry structure
x SU(2)
fl : (271)—1 ) f2 : (1a2)—1 ) 7 (232)0 .
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Wrinkles: UV Realizations

} Vanilla FN expectation
Q3]lg =0 |to]g =2

e An example modification : More Flavons with Symmetry structure
x SU(2)
fl : (271)—1 ) f2 : (1a2)—1 ) 7 (232)0 .

U, U ¥ T, i _
Qs —T | U2
H ~ \M@sla+[u2]r — )2
fi F fo
Qs 1T W W W

— Same U(1)y charges as ¥,
vy

J1 \IJOE?) Forbidden by symmetry!

RIS F\D&l)ﬁf) 20 Allowed operators
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Wrinkles:

UV Realizations

Vanilla FN expectation

e An example modification : More Flavons with Symmetry structure

x SU(2)

fl : (271)—1 ) f2 : (1a2)—1 ) T (232)0 .

ol (2,1)3
— Same U(1)y charges as ¥,

vy

J1 \IJOE?) Forbidden by symmetry!
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U(1)g charge doesn’t decrease, ﬁ

but chain is lengthened

—————  Whrinkle

RIS F\D%l)ﬁf) 20 Allowed operators

12



Wrinkles: UV Realizations

! f flg = -1, [EJ]H:]
T T ) i ) Vanilla FN expectation
Q3 | | U2 [Qslw =0 [U2]y =2
i o A @almtEaln _ )2
e An example modification : More Flavons with Symmetry structure
fi i f2 x SU(2)
i 5 : fe(2,1) fo:(1,2) 4 . F:(2,2) .
Qs | T T T 00 9P WP i W 21
}:[ \IJ§2> : (LZW Same U(1)y charges as ¥,
~ A% x A\
U(1)s charge doesn’t decrease, ﬁ [T, Forbidden by symmetry!

but chain is lengthened

—————  Whrinkle

RIS F\D%l)ﬁf) 20 Allowed operators

General Lesson: Absorb UV details of FN spectrum into wrinkles in EFT power counting



Conclusions and Future Directions

Nalve FN counting can be augmented by wrinkles which enhance its predictive power
in a bottom up EFT approach to BSM physics

Wrinkles in the IR encode details of the exact FN implementation in the UV

Through a scalar leptoquark example, we showed how different precision flavor observables can be
accomodated via FN + wrinkles

Completely general setup for a bottom up EFT construction. Can be used to explore
simultaneuous contributions from multiple spurions for MFV, LQ, and other BSM models

Thanks for listening! Questions?
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FIN Charge Assignment for Plot
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