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what has Fermi found: The LAT two-year catalog

Investigation of Fermi-LAT
Unassociated Sources in
Milagro Emission Regions




Project Context
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The gamma ray band is so broad, that many instruments
are needed to assemble the "full picture”

+ Energy
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The gamma ray band is so broad, that many instruments
are needed to assemble the "full picture"
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Milagro VERITAS Fermi - LAT
1 TeV-100 TeV 50 GeV - 50 TeV 20 MeV - 300 MeV
Milagro was a ground VERITAS is a ground based Fermi is an imaging telescope
based water Cherenkov Imaging atmospheric located on a spacecraft at low
detector. Cherenkov detector. earth orbit.
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VERITAS
50 GeV -50TeV

RITAS is a ground based
aging atmospheric
erenkov detector.

Fermi - LAT
20 MeV - 300 MeV

Fermi is an imaging telescope
located on a spacecraft at low
earth orbit.




Milagro VERITAS Fermi - LAT

1 TeV -100 TeV 50 GeV - 50 TeV 20 MeV - 300 MeV
Milagro was a ground VERITAS is a ground based Fermi is an imaging telescoy
based water Cherenkov imaging atmospheric located on a spacecraft at 1o
detector. Cherenkov detector. earth orbit.
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Milagro
1 TeV-100 TeV

Milagro was a ground
based water Cherenkov
detector.
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VERITAS
50 GeV -50"

VERITAS 1s a groun:
imaging atmospher
Cherenkov detector




Fermi 2FGL Catalog

- Poor resolution of instruments that make
Over 30 % of Fermi source localization difficult
Sources are unidentified

because of - Low photon statistics

The rest are mostly pulsars (5%) and blazars (45 %)

Blazars Pulsars

A Pulsating Star

Class of AGN (active galactic nuclei)

+ Highly variable

- Rotating neutron star, emits

beam of continuous radiation.
« Bright radio, X-ray and gamma « Gamma-ray telescopes usually
ray emission detect young, nearby pulsars

Artist's representation of a blazar Crab - pulsar wind nebula



The rest are mostly pulsars (5%) and blazars (45 %)

Blazars Pulsars
Class of AGN (active galactic nuclei) A Pulsating Star
- Highly variable - Rotating neutron star, emits
beam of continuous radiation.
- Bright radio, X-ray and gamma - Gamma-ray telescopes usually

ray emission detect young, nearby pulsars

Artist's representation of a blazar Crab - pulsar wind nebula



Characterization
of Fermi Sources

The Fermi experiment has found that two parameters that can
help distinguish between pulsars and blazars are:

- variability index - "defined as the 2 of the deviations of
eleven monthly (30-day) source flux measurements from the
average source flux"

- curvature significance - "measures the deviation of the
spectrum from the simple power-law form for each source."

Variability vs. Curvature (Blazars and Pulsars)
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Variability vs. Curvature (Blazars and Pulsars)
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Selection of
Unassoclated Sources

Milagro Sky Map of Galactic Plane

After making our
selection, we found a
total of 46 unassociated
sources in the Milagro
emission region.




Milagro Sky Map of Galactic Plane










After making our
selection, we found a
total of 46 unassociated
sources in the Milagro
emission region.
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Variability Index
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distinguish between blazars and
pulsars. Perhaps because of low
significance. X
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Statistical Approach -
Logistic Regression

Gamma ray astrophysicists often rely on statistical methods
to establish the significance of a data sample.

Following in that tradition, we used the statistical method of
Logistic Regression to classify our Fermi sources as pulsars or
blazars.

Logistic Regression - An Introduction
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Logistic Regression - An Introduction

Logistic Regression: A statistical classification method
that is used to predict binary outcomes.

Example*: Suppose we wanted to understand the features that influence whether a
political candidate wins or loses. Some possible parameters to consider may be the
amount of money spent on a campaign or the amount of time spent campaigning.

Given a training set, we can determine our
parameters and then use the hypothesis ==
function above to predict our outcomes.

Lose (0) Which mean we

| could quantitatively - -
A classify sources! .
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LR Model
Implementation

We utilized python to implement our logistic
regression model without the use of library
packages.

Our training set included all known blazars and pulsars
in the 2FGL catalog.

......

- Address under-fitting of data
- Add new parameters to model
- Improve optimization method
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Variability vs. Curvature

Variability Index
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- Address under-fitting of data
- Add new parameters to model
- Improve optimization method
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Multi-wavelength
Analysis

Investigate possible associations by determining if
counterparts existed in other energy bands, i.e. X-ray.

SWIFT experiment Chandra XXMM Newton Suzaku

SWIFT Images
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Multi-wavelength
Analysis

Investigate possible associations by determining if
counterparts existed in other energy bands, 1.e. X-ray.

RO —

SWIFT experiment Chandra XMM Newton Suzaku

SWIFT Images
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Fermi Source Name

Chandra

Swift-XRT

XMM-Newton

2FGL J1857.24-0055¢

Exposure: 10070 s
Offset: 5.9968 arcmin

Exposure: 453.215 s
Offset: 6.1534 arcmin

None

Exposure: 513.23 s

Exposure: 26953 s

2FGL J1842.8-0359¢ None Offset: 8.4557 arcmin Offset: 1.3321 arcmin
2FGL J1847.2-0236 None g}?;::llfg (?5;387 ;{i;:m None
2FGL J1849.9-0125¢ None ;E))&E gsu;eggflsagrliﬂﬂlb None
9FGL J1857.2-+0055¢ Noue g’&gg;“gel ::f 43‘; 1;3?11“‘ None
9FGL J1858.5+0129¢ None g’&ggﬁ“ﬁegfgiﬂﬂ f’ None
2FGL J1857.6+0211 None g}iffl.;g::u?g?lﬁl;?Téégﬁgﬁgarcmin None
2FGL J1859.3-+0312¢ None g}lffgz; L l?ﬂf?? ?.2'147434 arcmin None
9FGL J1857.84+0355¢ None g’;‘;g;“’;z)}fﬁg;’ ;ﬁn“m None
2FGL J1901.14-0427 None g’&pb:";’mg?,;; {55_84?489; - None
2FGL J1906.5+0720 None g’;ﬂf:ui‘ogglfmfgjoi — None
2FGL J1914.4+0951c None g’;ffz’:ugggf’g {_397‘9;858; — None
9FGL J1921.1+1436¢ None gﬁf:'”gggfji?ﬂﬂ; None
2FGL J1924.84+1724¢ None gﬁgﬁlu;ﬁ;;bi‘i?ﬁﬂ; None
2FGL J2028.3+3332 None Fxposure: 10427484 5 None

Offset: 1.3277 - 2.2050 arcmin
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Exposure: 4092.754 s
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SWIFT Images
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Unidentified




High Mass X-ray Binary




Unidentified (Star nearby)




Unidentified




Possible star - IR source




Possible IR Sources

M Unidentified







Conclusions

A combination quantitative study, the logistic
regression model and qualitative study, the
multi-wavelength comparisons, allow for
promising investigation of Fermi's UFOs.

For the future ...

- Repeat LR model with Fermi 4th year catalog

- Research other classification methods

- An expanded multi-wavelength study may help
make improved associations.

- Complete XMM-Newton observation proposal
(~ October)

- Make proposals for more observation of

sources with VERITAS
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promising investigation of Ferm1 S UFOs

For the future ...

- Repeat LR model with Fermi 4th year catalog

- Research other classification methods

- An expanded multi-wavelength study may help
make improved associations.

- Complete XMM-Newton observation proposal
(~ October)

- Make proposals for more observation of
sources with VERITAS
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