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Outline

•Introduction and motivation

• Relevant inputs
•SM processes 

• Non-Standard Interactions (NSI): Two illustrative
examples       in light of anomalies

• Detection Feasiblity?
•Summary
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Introduction and motivation [Very Brief]

• Clearly detection is extremely important and challenging (see below) 
and that is what makes it so interesting

• Effective Temp of C     B (Relic nu) ~1.7X10-4  ev ; we will assume that 
is considerably smaller than mass of the neutrino undergoing collision

(see below) if not replace with effective momentum
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Neutrino mass
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Based on Osc Data for numerics we’ll use

But in practice 3 masses so 
expect 3 curves (or peaks/dips if 

relevant) as (say) functions of
incident collision energy
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Incident threshold energy

• The numerical value of the neutrino mass is very important 
because it enters in determining the needed incident 
energy:

• s ~ 2 mᵛ          X  Einc =>Einc = [s/GeV2 ]X1010 GeV
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R.Abbasi et al
[ICECUBE (011.0354)]



Particle produced INC. energy need comments

e+ e- 10 TeV

mu e ~ 100 PeV

mu+ mu- ~ 440 PeV

pi+ pi- ~800 PeV

rho ~6000 PeV=6 Eev

phi 1.05 Eev

psi ~ 10EeV

Upsilon ~ 100 EeV

Z
NSI Z’(1.8 GeV)
NSI Z’ (50 MeV) 

8X1000 EeV
32 Eev
55 PeV
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Figs from PDG
Dim reasons require QED

XS  fall as 1/s
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BARGER & PHILLIPS
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Hadronic vector current dominated by 1– vectors
[rho, omega, phi, psi, upsilon…..]

See Gounaris & Sakurai; TD Lee & Bruno Zumino,
“field-current identities”

Nothing sacred about 1—
Hadronic weak axial current is dominated by 1++

Resonances, 

Eqns above from PDG
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For axial mesons
appreciable

uncertainties 
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Highly abbr. list of refs
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NSI ex. I: to account for muon (g-2) anomaly

• 0
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Amarall, Cerdeno, Foldenauer, arXiv:2104.03297
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NSI ex. II: to 
account for 
muon (g-2) 
anomaly
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Altmannshofer, Chen, Dev and AS, PLB 2016
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Summary p1 of 2
• Detection of relic nu’s obviously extremely important and challenging
• Inspired by Gounaris+ Sakurai; Lee+Zumino, suggest weak hadronic 

vector current likely dominated by low lying 1- - vector resonances 
[rho,omega, phi, psi, upsilon(4S) etc]

• Analogously weak axial current is anticipated to be dominated by 1++ 
axial vector counterpart resonances..

• Since nu mass is so small  incident energy in collision  needed is very 
high…
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Summary p.2
• ICECUBE has so far detected around few PeV; Balloon expts data 

suggests~ few X 100 PeV; Much larger ICECUBE..GENII ..Similarly 
there are other efforts such as

• KM3NET
NEUTRINO TELESCOPE
IN THE MEDITERRANEAN AND MANY MORE ... FUTURE

• Given (bunch of over 3 sigma anomalies): RD(*) ~ 3 sigma; RK(*) 
over 3 sigma; muon (g-2) ~4.2 sigma and also some (few sigma) in 
the nu sector, chances of NP are rather high….may well have 
significant repercussions in nu collisions relevant here

• SO FAR WE BARELY MANAGED TO SCRATCH THE SURFACE 
OF COPLEXITY [CHECKS ARE ALSO NEEDED]; CONTINUE 
STUDY TO POSSIBLY DEVICE OPTIMAL STRATEGIES
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XTRA’S
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Appreciable uncertainties
esp due to decay constants
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