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Cosenor’s μ-collider

I fImpact of                   on      cosmology
neutrinosneutrinos

• This is a spectator’s view.
• I will concentrate on those topics• I will concentrate on those topics 

competitive or complementary to a NF.
• “Cosmology” will be loosely interpreted to 

mean any neutrino coming from outside themean any neutrino coming from outside the 
Earth’s atmosphere.
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Cosenor’s μ-collider
Impact of cosmology on ν

• Neutrino oscillations were first observed  
with solar and atmospheric neutrinoswith solar and atmospheric neutrinos.

• Can we get more information?
– Solar Neutrinos
– Atmospheric Neutrinos– Atmospheric Neutrinos
– Relic Neutrinos
– Supernovae Neutrinos
– TeV++ Neutrinos
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Cosenor’s μ-collider Improvements from Future Large 
FacilitiesFacilities
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Cosenor’s μ-collider
Existing θ23 Limits 
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Cosenor’s μ-collider
A new player in town - INO
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Cosenor’s μ-collider Deviation from Maximal Mixing
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Cosenor’s μ-collider Sensitivity to octant of θ23
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Evolution of the Universe
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Cosenor’s μ-collider BBN and Nν

Fi ld d S k PDG 2004

S. Hannestad, arXiv:astro-ph/0510582
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Fields and Sarkar, PDG 2004Nν > 0 ⇒ Relic ν detected!
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Effects of mν≠0 on the CMBR

No degeneracies…
but what about covariances…but what about covariances
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Another observable – the BAO
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Cosenor’s μ-collider
LSS from Galaxy Surveys

With independent data sets from….

SDSS
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Cosenor’s μ-collider
LSS from Galaxy Surveys
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Cosenor’s μ-colliderAnother observable – the Lyman-α
ForestForest
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Cosenor’s μ-collider
But there is more…

H i l Gravitational lensing…Hot gas in clusters…
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Cosenor’s μ-collider
But there is more…
With independent data sets from….

HST Key Determination of H0…Galaxy rotation curves…
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Cosenor’s μ-colliderWIN 05  But there is more…
Type 1a supernovae…
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Cosenor’s μ-collider Cosmic ν - mass

Effect of
mν > 0
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Plot from Max Tegmark’s website, table from Ofer Lahav

Potential sensitivity is very high Σmν < 0.1



Cosenor’s μ-collider More Recent Analysis
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How well could you do?y
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This would determine the mass hierarchy…
…if you believed it.



Cosenor’s μ-collider And what do we compare all this to?
Vi i h bli h dVirgo consortium has published 

the Millenium Run
Scale-dependentScale-dependent

bias.

o – real galaxiesg

• – model galaxies
- Dark Matter

Uncertainties and model dependencies
in other parameters also 
induce systematic bias
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Cosenor’s μ-colliderIf you are measuring a mass, you 
QUANTIFY h i !must QUANTIFY the systematics!

Mi iB NE S t tiMiniBooNE Systematics
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Cosenor’s μ-collider

SNO Systematic Flux Uncertainties
Error Source
Energy scale

ES error (%)
-3.5, +5.4

CC error (%)
-5.2, +6.1gy

Energy resolution
Non-linearity
Vertex shift

,
±0.3
±0.4
±3.3

,
±0.5
±0.5
±3.1

Vertex resolution
Angular resolution
High Energy γ’s

±0.4
±2.2

-1.9, +0.0

±0.7
±0.5

-0.8, +0.0Unless a real error analysis is doneLow energy background
Instrumental background
Trigger efficiency
Li ti

-0.2, +0.0
-0.6, +0.0

0.0
0 1

-0.2, +0.0
-0.2, +0.0

0.0
0 1

Unless a real error analysis is done 
for astrophysical mass “limits” they 

cannot really be compared withLive time
Cut acceptance
Earth orbit eccentricity
17O 18O

±0.1
-0.6, +0.7

±0.2
0 0

±0.1
-0.6, +0.7

±0.2
0 0

cannot really be compared  with 
laboratory limits… but that 
doesn’t mean they won’t be!17O, 18O

Experimental uncertainty
Cross-section

0.0
-5.7, +6.8

0.5

0.0
-6.2, +7.0

3.0

doesn t mean they won t be!

Imperial College/RAL
Dave Wark 

Solar Model -16, +20-16, +20



Cosenor’s μ-collider
Impact of cosmology on ν

• Neutrino oscillations were first observed  
with solar and atmospheric neutrinoswith solar and atmospheric neutrinos.

• Can we get more information?
– Solar Neutrinos
– Atmospheric Neutrinos– Atmospheric Neutrinos
– Relic Neutrinos
– Supernovae Neutrinos
– TeV++ Neutrinos

←Bob Bingham
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Cosenor’s μ-collider

Help from outer space?p p
• Astrophysical neutrino sources produce

t i fl ti f t i (ν ν ν )certain flavor ratios of neutrinos (νe:νμ:ντ):
Neutron decays: (1:0:0)
Muon damped sources: (0:1:0)
Pion decays: (1:2:0)y ( )

• These ratios are changed at Earth through 
averaged neutrino oscillations:

~ cosδ

averaged neutrino oscillations:
• Measure muon track to shower ratio at neutrino 

telescope: R = φμ/(φe+φτ)
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(From Walter Winter)
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Combination with LBL Data

If hi h i k
ΔR = ∞, 20%→5%

If hierarchy is known

Assume MINOS, Double Chooz, T2K, and NOvA
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, , ,
What would a determination of R (muon damped) add?



Cosenor’s μ-collider Conclusions
• “Cosmological” neutrinos started the modern exploration of neutrinoCosmological  neutrinos started the modern exploration of neutrino 

properties.
• For the study of oscillations further progress will depend primarily on 

neutrinos from terrestrial sources although there may be some additionalneutrinos from terrestrial sources, although there may be some additional 
sensitivity from cosmological neutrinos.

• A wide range of cosmological data has considerable inherent sensitivity to 
the currently interesting range of absolute neutrino massesthe currently interesting range of absolute neutrino masses.

• Fluxes from distant high-energy neutrino sources are also modified by 
neutrino oscillations.
H ll l i l i i b i• However all cosmological neutrinos are seen in observations, not 
experiments, and therefore suffer from model uncertainties and hard-to-
quantify systematics.  

• We can produce controlled neutrino sources on earth – it is rather harder to 
produce supernovae, AGN, Big Bangs, etc.

• It seems a terrible waste of precious cosmological data to use it to 
determine particle properties measurable on earth, rather than use it to 
constrain models of new cosmic phenomena.

• This is a challenge to the neutrino physics community to produce terrestrial 
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g p y y p
experiments of higher sensitivity to allow cosmological data to be used for 
cosmology!    


