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INTRODUCTION

 We know neutrinos have mass from oscillation data, don’t know their hierarchy
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* Loop effects may be important; different scales involved in mass generation, creation,

detection =2 Running!
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BETA FUNCTION THE WEINBERG OPERATOR
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e = Has structure B,QSM) —ak+Plk+kP P=—§(YJKB)
* We consider effects of flavor-dependent gauge couplings, such as U(l)Lu—LT

* Motivations: oscillation data, g, — 2, dark matter, anomaly freedom,...
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GENERATING MASSES VIA RGE RUNNING

Vertex renormalization = — ak+ PT.H: + H-P + GI H-Cﬂ G = \/69!@!
" y dt .
S N
'\ SM U(l)LM—LT

n

~ g f ) { ~gQ a
/'1'lIr — ' — o Ki + Q(UP UT)M Ki + Z [(U G UT)]{Z} K

dt
' ‘s k=1

L A /
N h'd

If one initial k;, # 0,
generates n hierarchical
masses

If initial k; = 0, stays 0

At one loop, flavor-dep. gauge interaction only way
toget B, O G kG and raise rank of mass matrix
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MIXING ANGLE CONDITION FOR DEGEN. EIGENVALUES
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EXAMPLE: NORMAL HIERARCHY

For ki = Kk, K K3 we find

i=1,2

i=1,2

K3 M = |'H:3|

sin #12 cos f12 tan Go3

W31 ~20: sinfi3 ~ —

K1
For Kk, = Kk, = 0, at leading log Ko
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k1|m,, | = min{|(a — bW} — bBW3) k2 — bW3iks |},

Ka|m,, | = ma,:{{ (@ — bWE — bW ) kg — bWEﬁ-mg‘}?

a=1-a/(167%)log(M1/Mz)
b=6g""/(167%)log(M;/Mz)

Wi = éz’j/(\/g.ﬁ")

K1lm, generated at
subleading log level ~ b?
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EXAMPLE: NORMAL HIERARCHY

Eigenvalues of k (Absolute Value)
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Generate two new masses via
one-loop RGE
Can reproduce exp. splittings

Mixing Angles [deg]
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Including CP, Majorana
phases can reproduce
exp. angles
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CONCLUSION

* One-loop RGE of effective mass operator in flavor-dependent gauge interaction vs. SM

ﬁK:ali+PTﬁ+/€P+GT&G — —#F&z‘—l—Z#“k
k

Eigenvalues of k (Absolute Value)
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Generate masses, explain mixing angles,
predict mass splittings and hierarchy!
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BACKUP
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UV COMPLETION: EXAMPLE

Field | U(1)z,—r, charge || Field | U(1).,_r, charge
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Lightest Right-Handed Neutring Mass M|/ (500
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NON-ABELIAN GAUGE GROUPS
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Enhanced running!
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