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Johann Balmer
discovered the Balmer
series In 1885




Today, the mass spectrum of the Standard Model
fermions presents a similar puzzle
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We have something like a Balmer Formula for fermion
masses
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Froggatt, Nielsen' 79
Froggatt and Nielsen proposed a flavor U(1) ,

with Yukawa couplings
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Such that the flavor structure is generated by
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Where are these scales 7




This idea has been proposed by Babu, Nandi and Giudice,
Lebedev
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 The flavor is a flavor singlet: 5= —
 The coupling to b quarks is
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We consider a two Higgs doublet model (based on type I)
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tanB =1, A=1TeV
tanB =2, A~ 850GeV _ . .
tan8 =3, A=~ 750GeV br, X P br
tanB =5, A~ 600GeV




We consider a two Higgs doublet model (based on type I)
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In this model
: Hqu
 We have a “genuine” flavon: S — n

 The coupling to b quarks is
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SM
nff = Kf9nsf

SM
ghwvv = Kv gpyvy

Higgs couplings:

e To W=, Z: fixed by gauge symmetry Ky = sin(8 — «)
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Higgs production exactly like a type || 2HDM!
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Higgs width and decays are modified
with respect to a generic 2HDM!



Higgs couplings:
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Global fit to 7 (8) different channels for ATLAS (CMS)
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Flavor violating Higgs couplings
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Let us assume all Yukawa couplings are order one and
see what region in parameter space is preferred by flavor
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Heavy Higgs couplings
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Slightly tuned Yukawa couplings and including heavy
Higgses
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How to find this model?

Large deviations from the decoupling limit means
relatively light extra scalars.

EXisting searches are already very constraining.

New colored vector fermions have to show up
around a TeV.

[(h — bb) < I°M(h — bb) preferred.



Additional sources of flavor breaking are necessary
in order to avoid a QCD axion

V(H,, Hy) =p H,H +p2 H, H — [bH, Hy + h.c.] (A.1)
A1

A
+ S (Hy HY)? + SHHg H) + Ny (H, HY)(Hg HY) + M(H, H)(Hg HY)

This has interesting implications for a supersymmetrized

Version
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Conclusions

® Yukawa texture can be explained at the EW scale

e Parameter space preferred by Higgs physics and Flavor
overlaps

e This model will be discovered/ excluded in the second
run
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Input for the global fit

Decay Mode | Production Channels Production Channels Experiment
Ogg—hy Ott—h OVBF, OVH
h— WTW= | uw = 1.01 £0.1970% [15] | pw = 1.287045 703 [15] ATLAS
pw ~ 0.75 £ 0.35 [16] gy ~ 0.7 4 0.85 [16] PRELIM CMS
h— ZZ ny = 1.77045 [17] uz_wﬁﬁiﬁuﬂ ATLAS
iz = 0.870:38 [18] ny = 17727 [18] CMS
h — vy i, = 1.32 4 0.38 [19] iy = 0.8 4 0.7 [19] ATLAS
py = 11317557 [20] py = 1167555 [20] CMS
h — bb — pp = 0.52 £0.32 £0.24 [21] | ATLAS

py = 0.67117% [22]

= 1.0+ 0.5 [23]

PRELIM CMS




