
Southern Sky Sources with Deep Core

Matt Kistler
Ohio State University
In collaboration with John Beacom

HESS



TeV Cosmic Rays

RPP: Gaisser, Stanev (2008)



Cosmic rays, gamma rays, and neutrinos

HESS

First uncover 
gamma rays and 
neutrinos from the 
pile of cosmic rays

Then use them to 
find the sources of 
the cosmic rays



Discerning between hadronic/leptonic

Inverse Compton

Proton-Proton 
Scattering



Air Cherenkov Telescopes

VERITAS

HESS



A plethora of TeV sources

Vela Junior



A plethora of TeV sources

Pulsar Wind Nebula

Vela X

HESS



A plethora of TeV sources

Galactic Center 
point source

Galactic Center 
Diffuse

HESS



A plethora of TeV sources

HESS J1023-575

WR 20a?

2MASS



Air Shower Telescopy

Use of muon content to 
discriminate between 
gamma-ray and 
hadronic showers

Large field of view

High duty cycle

Milagro

Also Tibet and 
CASA-MIA



Milagro View of the TeV Sky

Mrk 421

Crab

Cygnus

Abdo, et al (2006)

Spiral Arms?

Yadigaroglu, Romani (1997)
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3EG J2020+4017

Cygnus Region

3EG J2016+3657GeV J2026+4124

3EG J2033+4118

Cyg OB2

GeV J2035+4214

3EG J2021+3716

3EG J2027+3429

GeV J2020+3658

3EG J2035+4441

3EG J2022+4317

MGRO J2019+37

TeV J2032+4130

Cygnus in the TeV

Reasonable 
correlation between 

GeV/TeV diffuse

bright at ~12 TeV

unidentified

Beacom, Kistler (2007)

Abdo, et al (2006)
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Constructing a spectrum

We assume a source 
proton spectrum of the 
form

The decay of neutral pions 
produced in p-p scattering 
gives the spectrum:
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Constructing a spectrum (cont.)
First, to account for 
both the EGRET and 
Milagro measurements, 
we consider an 
proton spectrum with                   
           1000 TeV.
This requires an input 
proton energy of

If we do not require to fit 
EGRET, we can us an  
proton spectrum with 
             500 TeV.
This reduces the energy 
budget.
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Beacom, Kistler (2007)
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Neutrinos as weapons

IACT excellent for ~1-10 TeV, 
declining signal above

Neutrinos have benefits of 
rising cross section, 

increasing muon range, 
continuous operation, and 
rapidly falling background

Gandhi, Quigg, Reno, Sarcevic (1998)

Kistler, Beacom (2006)



Muon neutrino detection

Simulated IceCube muon event

Background from 
downgoing muons 
and atmospheric 

neutrinos



Shower events

Better energy 
resolution than muons, 

but lesser angular 
resolution

Simulated IceCube shower event

Makes it possible (in 
principle) to measure 
neutrino flavor ratio
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MGRO J2019+37

Neutrinos from Cygnus

For a power law photon spectrum, the 
neutrino spectrum can be approximated as

Neutrino spectrum in hand, we can find the 
spectrum of muons produced in the detector

Using the expression for continuous muon energy loss:

we find the thrugoing muon spectrum

Beacom, Kistler (2007)



TeV scorecard

tevcat - 3/2009
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Vela Jr - Muons

Vela Junior

Bright, shell-type SNR

Southern sky source

Kistler, Beacom (2006)

Aschenbach (1998) HESS
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Vela Jr - Showers

Vela Junior Showers

Potential for shower 
measurements and 

possibly a neutrino map

U. Katz (2006)
Kistler, Beacom (2006)



GCD and RX J1713.7-3946

Diffuse TeV emission from Galactic 
Center well-correlated with 

molecular clouds (most likely pionic)

RX J1713.7-3946
(Alvarez-Muniz and Halzen (2002); 

Costantini and Vissani (2005))

Potential for a few events/year

HESS

HESS



Expected yearly rates

Several Few Any?

Vela Junior MGRO J2019 Crab

RX J1713 Vela X

GC Region

Many other TeV sources may also be prospective 
neutrino sources, but the above are the most promising

The confirmed observation of high energy neutrinos from 
any such source would confirm a cosmic-ray accelerator



The Good, the Bad, ...

Strongside Weakside

DC bigger, better 
than AMANDA

DC smaller than
IC-Mantle

IceCube being built Earth upside down

No Earth attenuation 
when looking up

1/1000th the 
overburden

Showers care about 
volume

What are the shower 
capabilities?



Summary - Observable Fluxes?

TeV gamma-ray observations 
offer enticing clues towards the 
origin of Galactic cosmic rays

Measurement of neutrino fluxes 
will clinch both cosmic-ray 
birthplaces and gamma-ray 

production

What about the south?

ASTRONOMY: BAADE AND ZWICKY

Unfortunately, at the present time only a few underexposed spectra
of super-novae are available, and it has not thus far been possible to inter-
pret them.

1 S. I. Bailey, Pop. Astr., 29, 554 (1921).
2 K. Lundmark, Kungi. Svenska Vetensk. Handlingar, 60, No. 8 (1919).
3 Handbuch d. Astrophysik, Vol. VI (Novae).

COSMIC RA YS FROM SUPER-NOVAE

By W. BAADE AND F. ZWICKY

MOUNT WILSON OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON AND CALI-
FORNIA INSTITUTE OF TECHNOLOGY, PASADENA

Communicated March 19, 1934

A. Introduction.-Two important facts support the view that cosmic
rays are of extragalactic origin, if, for the moment, we disregard the
possibility that the earth may possess a very high and self-renewing
electrostatic potential with respect to interstellar space.

(1) The intensity of cosmic rays is practically independent of time.
This fact indicates that the origin of these rays can be sought neither in
the sun nor in any of the objects of our own Milky Way.

(2) The decrease in intensity of cosmic rays in equatorial regions has
successfully been explained by assuming that at least a part of the rays
consists of very energetic, positively or negatively charged particles.
These particles must be of extra-terrestrial origin, as otherwise the dis-
tance traversed by them would not be long enough for the earth's magnetic
field to produce the observed dip in intensity at the equator.

From the fact that in the cloud-chamber experiments no protons or
charged particles heavier than electrons have been observed in any con-
siderable number, one might conclude that the corpuscular component of
cosmic rays consists of positive or negative electrons, or both. The
characteristics of the east-west effect indicate that the positively charged'
particles far outnumber the negatives. However, whether or not these
particles are electrons cannot as yet be said with certainty, since the
electrons which are observed in cloud chambers may all be secondary
particles formed in the earth's atmosphere by different primaries.
With the facts mentioned as a beginning it has become customary to

reason approximately as follows. Since none of the objects of our Milky
Way seem to produce any cosmic rays, these rays probably are not emitted
from any of the extragalactic nebulae either, as the spirals among these
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