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Neutrino masses: standard seesaw 

Matteo Borrello, A direct probe of neutrino compositness

Poor phenomenology: small mixing

active - sterile mixing
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SHIP collaboration[ 1811.00930v3]
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Neutrino masses: inverse seesaw

Matteo Borrello, A direct probe of neutrino compositness

 is very small  Much richer phenomenology μ ⟹
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Mohapatra and Valle,  Phys. Rev. Lett. 44, 912 (1980)
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Strongly coupled sterile sectors
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Large hierarchy IR  UV  approximately scale invarianceΛ ≪ Λ ⟹

Conformal window
Energy

IRΛ UVΛ

mψ

Chacko at al. [2012.01443]

final state with different 
mass shells
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New signature: neutrino disintegration
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Neutrino disintegrates into dark particles in neutral currents scattering 
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Invisible branching ratios

Charged mesons

Matteo Borrello, A direct probe of neutrino compositness

Higgs
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Scattering over electrons at DUNE
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The reach is limited by small  se = 2meEν

 ν + e → DS + e

DUNE* 
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 ν + e → DS + e

NuTeV: enhancing neutral currents
 se/sp = me/mp
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Zeller,  Ph.D. thesis, Northwestern U. (2002)
p + ν → DS + jet

p + ν → DS + jet

π+ → DS + μ+

k+ → DS + μ+

invh →

DUNE* 
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 ν + e → DS + e

SHIP
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p + ν → DS + jet

p + ν → DS + jet

π+ → DS + μ+

k+ → DS + μ+

invh →

DUNE* 

NuTeV

NuTeV
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Summary

• Composite neutrino: testable framework

✓ Scattering over electrons: limited by 

center of mass energy

✓ Scattering over nucleons: 

enhancement of neutral to charge 

currents
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What’s next?

FASER :   but  ν sFASER ∼ 4 sSHIP LFASER ∼ 10−4LSHIP
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Energy

IRΛ UVΛ
Effective theory ΔN = 7/2 ⟹ sFASER > ΛUV

Lower dimensions  resonance modelling→

ψ

• For lower   s decay inside the detectorΔN ψ

?

Background free signature: emerging jets at DUNE
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Thank you for your attention and stay tuned!
matteo.borrello@unifi.it

mailto:matteo.borrello@unifi.it


More on standard seesaw 
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Experimental observation:  oscillations  flavor changes  point to New Physicsν =

In the Standard Model, neutrinos are massless: no  hence no Dirac massνR

Standard seesaw mechanism 

 SM singlet N
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Poor phenomenology:  is very massive or weakly coupled to the Standard ModelN
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More on inverse seesaw
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Alternative framework: new fermions singlets , a small lepton number violating Majorana mass  and a Dirac 

mass term mixing them

N, S μ

Lowering the new physics scale: much richer phenomenology since  is not as big as in standard seesawM
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 is very small  is naturally suppressedμ ⟹ mν
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Mohapatra and Valle
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Strongly coupled sterile sectors
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Conformal window
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mψ



Strongly coupled sterile sectors
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Large hierarchy IR  UV  approximately scale invarianceΛ ≪ Λ ⟹

Conformal window
Energy

IRΛ UVΛ

mψ

Conformal window: inclusive physics computed indepentently on Dark Sector spectrum
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Lifetimes
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portal
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The role of fluxes
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Scattering over nucleons

Enhancement of exchange momentum

Less massive hadronic states

Matteo Borrello, A direct probe of neutrino compositness

<latexit sha1_base64="cEVjs+2ynYhaEbbIpsp0S7zKLdc="></latexit>

Q2
SM ⇡ E⌫✓2hadE

2
had

E⌫ � Ehad

Q2
BSM ⇡ Q2

SM +m2
N

Ehad

E⌫ � Ehad

<latexit sha1_base64="49PnYgcWSfYytcVMLzAxN76dHR0="></latexit>

m2
had,SM ⇡ 2mpEhad ,

m2
had,BSM ⇡ m2

had,SM �m2
N

Ehad

E⌫ � Ehad

10-2 10-110-2 10-1

10

20

30

40

50

10-1

1- cos θhad

E h
ad

[G
eV

]

θhad

<latexit sha1_base64="fmnVzeXFBt5S0ofl0MIjFGV1taM="></latexit>⌫

p

X

DS
p1

p3
Z

p2

0.5Perturbative

Non perturbative

Perturbative Non perturbative

SM

   BSM 

9 × 105

7.8 × 102 4.6 × 102

1.8 × 105

( Nν

5 × 1016 )

( ΛUV
100 GeV )

−4

0.1

0.05

0.01

Q2
SM/Q2

BSM

<latexit sha1_base64="kcGGNUUjQdGknDvlal/Z2ew+O7I="></latexit>

�LN =
yµHLµON

⇤2
UV



Kaon decays
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Pdfs uncertainties
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