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Ultrahigh Energy Neutrinos as 
Probes of Particle Physics

Collider Phenomenology



 
Ultrahigh Energy Neutrino Interactions



 
Probing SUSY and LED with Neutrinos



 
Prompt Neutrinos from Charm



 
Neutrino Signals of Dark Matter



 
Black Hole Production at the LHC



 
Heavy Quarks, Prompt Photons and Minijets



 
Multiplicities, Particle Correlations at the LHC



Cosmic Accelerators

Physics Today 2009



Observed High Energy Particles 
from the Sky


 

Cosmic Rays (energy up to  1021 eV)



 
γ

 
-

 
rays (energy up to 1013

 
eV)


 

Atmospheric Neutrinos (energy up to 
109

 
eV

 
)



Cosmic
 

Neutrinos


 
Cosmic

 
Neutrino

 
Background

(T ~ 1.9K,

 

i.e.  E ~ 10-4

 

eV)



 
Solar Neutrinos

 
(MeV

 
energies)



 
SN 1987A (MeV

 
energies)



 
Atmospheric

 
Neutrinos

 
(GeV

 
to

 
TeV

 
energies)



 
Extragalactic

 
Neutrinos

 
(AGN, GRB, cosmogenic, 

etc; GeV
 

to
 

EeV
 

energies)


 

Neutrinos from Dark Matter Annihilation



Neutrino fluxes



Ultrahigh Energy Neutrinos as 
Probes of Particle Physics

Energies much higher than currently 
available in colliders


 

UHE neutrinos could produce SUSY 
particles, microscopic black holes, new 
particles predicted in beyond the Standard 
Model theories


 

Interactions of dark matter or dark 
matter decay could produce neutrinos, 
directly or via decay of leptons



Neutrino Detection


 

Detection of neutrinos depends on their 
interactions, i.e. cross section


 

Muon
 

neutrinos interacting with 
“matter”,i.e. nucleons, producing muons


 

Muons
 

are charged, so they leave 
charged tracks in the neutrino detector




 

The event rate for “downward”
 

muons
 from neutrino interactions


 

The event rate for “upward”
 

muons
 from neutrino interactions 

where Fν

 

(Eν

 

) is neutrino flux at the source,  
S(Eν

 

) is neutrino attenuation and Rμ

 

is muon
 range



Neutrino Cross Sections



Neutrino Telescopes


 

AMANDA/IceCube/Hypercube


 

Antares, Nestor,KM3Net


 

RICE


 

Anita


 

Pierre Auger

Euso, OWL



Erkoca, Gelmini, Reno and Sarcevic, Phys. Rev. D81, 
096007  (2010).
Erkoca, Reno and Sarcevic,  arXiv:1009.2068,
Phys. Rev. D 82 (2010).
Erkoca, Reno and Sarcevic, Phys. Rev. D80 (2009).

Neutrinos as Probes of Dark Matter       



Dark matter’s presence is inferred from 
gravitational effects on visible matter at 
astronomical scales.  Observations imply 
23% dark matter and 4% of the total 
density of the Universe is baryonic 
matter 

No viable candidate for dark matter in 
the Standard Model







 
Direct searches:
look for DM interactions with target 
nuclei (XENON, DAMA, CoGeNT)



 
Indirect searches:
DM annihilation producing electrons, 
positrons, γ-rays (PAMELA, ATIC, 
FERMI/LAT, HESS …) and neutrinos 
(IceCube, KM3Net…)

Dark Matter Searches                



PAMELA Positron Fraction: Dark Matter?



FERMI Cosmic Ray Electron Spectrum



Erkoca, Reno and Sarcevic, PRD 80, 043514 (2009)


 

Neutrinos from DM annihilation in the 
Galactic Center


 

Probing Dark Matter models with Neutrinos 
from the Galactic Center


 

Neutrino flux from DM annihilation in 
the core of the Sun/Earth, produced directly 
or from particles that decay into neutrinos 
(taus, W’s, b’s, etc)

Erkoca, Gelimini, Reno and Sarcevic, Phys. Rev. D81 (2010)

Erkoca, Reno and Sarcevic, arXiv:1009.2068, accepted for 
publication in Phys. Rev. D82 (2010)



Neutrino Flux from the Galactic 
Center generated by DM annihilation


 

Neutrino induced upward and 
contained muon

 
flux and cascades 

(showers) 


 
Incorporate SuperK

 
limits


 

Predictions for IceCube
 

and  
Km3Net

Erkoca,  Gelmini, Reno and Sarcevic, 
Phys. Rev. D81,  096007 (2010)



Neutrino Flux from DM Annihilation 
in the Galactic Center

Neutrinos flux is given by:

For the case of DM annihilation:

while for the DM decay:



where        is the distance from us in the 
direction of which is the cone-half angle 
from the Galactic Center and is density 
distribution of dark mater halos,      is the 
distance of the solar system from the GC 
and is the local dark matter density near 
the solar system 
we take

 
:  

Define           as:



We have considered neutrinos produced 
directly or through decays of leptons, 
quarks and gauge bosons:

Neutrino Flux at the Production         



Detection:  neutrinos interacting 
below  detector or in the detector 
producing

 
muons

 
⇒ upward and 

contained muon
 

flux and 
cascade/shower events




 

Energy loss of the muons
 

over a distance dz :


 

α
 

: ionization energy loss
 

'
 

2×10-3GeVcm2/g.


 
β

 
: bremsstrahlung, pair production and 

photonuclear interactions
 

'3×10-6cm2/g.


 
Relation between the initial and the final 

muon
 

energy:

Muon
 

range:

Duta,Reno,Sarcevic

 

and Seckel

 

(2001)



Contained and Upward Muon
 

Flux
Contained muon

 
flux is given by

Upward muon
 

flux is given by



Hadronic
 

Shower Flux

The hadronic
 

shower flux is given by:



Neutrino Energy Distribution
●

 
channel

 
:

●
 

channels
 

:



●
 

channels
 

:



Tau leptons can also decay into tau neutrinos 
via  τ→ντ

 

M or τ→ντ

 

X where M and X are
mesons and hadrons, respectively. 

for mesons where rM

 

=0.99,0.81,0.52 and 
Bf

 

=0.12,0.26,0.13 for M=π,ρ,a1

 

respectively, and  





Muon
 

Flux



Muon
 

Flux for Different DM 
Annihilation Modes



Muon
 

Rates



Hadronic
 

Shower Spectra without 
track-like events



Probing the Nature of Dark Matter 
with Neutrinos


 

DM candidates: gravitino, Kaluza-Klein 
particle, leptophilic

 
DM particle


 

Dark matter signals: upward and 
contained muon

 
flux and cascades 

(showers) from neutrino interactions


 
Experimental signatures that would 
distinguish between different DM

 candidates  

Erkoca,  Reno and Sarcevic,  arXiv:1009.2086, 
accepted for publication in Phys. Rev.  D82 (2010)



Contained Muon
 

Flux



Contained Muon
 

Flux



Contained muon
 

flux



DM Detection with NeutrinoTelescopes

IceCUBE
 

: 1 km3

 
neutrino detector at South Pole

●
 

detects Cherenkov radiation from the charged 
particles produced in neutrino interactions 

●
 

contained and upward  muon
 

events and showers
●

 
contained muons

 
from GC

●
 

showers from GC with IceCUBE+DeepCore

KM3Net : a future deep-sea neutrino telescope 
●

 
contained and upward muon

 
events and 

showers
●

 
upward muons

 
from GC



Summary


 
Quarter of the Universe is composed 
of dark matter but the microscopic  
identity of dark matter remains a deep 
mystery

 
⇒ Neutrinos can be used to 

detect dark matter and probe its 
physical origin


 

Contained and upward muon
 

flux is 
sensitive to the DM annihilation/decay  
mode and to the mass of dark matter 
particle




 

Combined measurements of cascade events 
and  muons

 
from neutrino interactions 

when neutrinos are produced in DM 
annihilation in the Galactic Center with 
IceCube+DeepCore

 
and KM3Net look 

promising 


 

Neutrinos can provide valuable information 
about properties of DM, i.e

 
whether dark 

matter is a gravitino, Kaluza-Klein DM, or  
a particle in leptophilic

 
models …) 



Future Plans:


 
Evaluate Sommerfeld

 
Enchancement, 

i.e. dark matter annihilation cross 
section and its effect on DM signal


 

Consider the effect of energy loss of 
pions, kaons

 
and charmed mesons on 

Waxman-Bachall
 

neutrino bound


 
Multiplicities and particle correlations 
at the LHC in AdS/CFT approach

Neutrino Cross Sections at Ultrahigh 
Energies and small-x PDFs.









Back-up Slides



Neutrinos from DM annihilations in 
the core of the Sun/Earth

In equilibrium, annihilation rate and capture rate related:

Neutrino flux depends  on annihilation 
rate, distance to source (Earth’s core or 
Sun-Earth distance) and energy 
distribution of neutrinos, i.e.



 Neutrinos from DM annihilation 
interact with matter →   

attenuation of the neutrino Flux in 
the Sun 

 Neutrinos also interact as they 
propagate through the Earth 
(upward muons)

 
and in the detector 

(contained muons)



where the neutrino flux is

Muon
 

survival probabilty
 

is

where 

R ' RE

 

= 6400 km (Earth)
 

or
R '

 
RSE

 

=150 Mkm
 

(Sun)





 
Attenuation of the neutrino Flux in the Sun



 
The muon

 
flux decreases by a factor of

3,
 

10, 100
 

for
 

mχ

 

=
 

250 GeV,
 

500 GeV,
 

1 TeV.



Upward and Contained Muon
 

Flux from 
DM Annihilation in the Core of the Earth



Upward and contained muon
 

flux from 
DM annihilation in the core of the Sun


	Theoretical Elementary Particle Physics �Ina Sarcevic
	Former Group Members 
	Current Collaborators
	Ultrahigh Energy Neutrinos as Probes of Particle Physics
	Slide Number 5
	Observed High Energy Particles from the Sky
	Cosmic Neutrinos
	Slide Number 8
	Ultrahigh Energy Neutrinos as Probes of Particle Physics
	Neutrino Detection
	Slide Number 11
	Neutrino Cross Sections
	Neutrino Telescopes
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	FERMI Cosmic Ray Electron Spectrum
	Slide Number 19
	Neutrino Flux from the Galactic Center generated by DM annihilation                          
	Neutrino Flux from DM Annihilation in the Galactic Center�
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Muon Flux
	 Muon Flux for Different DM Annihilation Modes
	 Muon Rates
	Hadronic Shower Spectra without track-like events
	Probing the Nature of Dark Matter with Neutrinos                          
	Contained Muon Flux
	Contained Muon Flux
	Contained muon flux
	Slide Number 40
	Summary
	Slide Number 42
	Future Plans:
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Back-up Slides
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Upward and contained muon flux from DM annihilation in the core of the Sun

