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The Fermi Observatory

Large Area Telescope (LAT)

Observes 20% of the sky at any instant, views entire sky every 3 hrs

20 MeV - >300 GeV - includes unexplored region between 10 - 100

GeV
International and
interagency | a
collaboration between A\ T
NASA and DOE in the
US and agencies in ~
France, Germany, Italyff =& =S
Japan and Sweden e

A
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;amma-ray Burst Monitor (GBM)
NN e Observes entire unocculted sky
R %' ~ > Detects transients from 8 keV - 40

- Y
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Fermi Sky >10 GeV
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Fermi Sky (>50 GeV)

61,000 photons E > 50 GeV
22,100 photons E > 100 GeV
2,000 photons E > 500 GeV



Pulsars (5% '

Blazars (57%')J

Globular cluster
galaxies, binarie
and more (1%)

nassociated
(33%)

& 4 years of P7 Rep data, >3000 sources

@& 4FGL comes out later this year...




2"d Hard Source Catalog

&6 years, Pass 8 data
&550 GeV - 2 TeV

& 360 sources (75% extragalactic, 11% Galactic, 13% unassociated )
& 47 new gamma-ray sources (not in any previous gamma-ray catalog)
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34 Hard Source Catalog

TABLE 2
3FHL SourceE CLASSES

Description Identified Associated
Designator Number Designator Number

Pulsar PSR 53 psr
Pulsar Wind Nebula PWN 9 pwn
Supernova remnant SNR 13 snr
Supernova remnant / Pulsar wind nebula o Spp
High-mass binary HMB 1 hmb
Binary BIN .o
Globular cluster o gle
Star-forming region SFR sfr
Starburst galaxy o x sbg
BL Lac type of blazar BLL bll
Flat spectrum radio quasar type of blazar FSRQ : fsrq
Non-blazar active galaxy e vos agn
Narrow-line Seyfert 1 NYLS1 .
Radio galaxy RDG 4 rdg
Blazar candidate of uncertain type . beu
“Total identified 136 associated
Unclassified E ++» unknown

Unassociated
Total in the 3FHL

& >10 GeV, pass 8, 7 years of data




Fermi Observations

Observe entire sky every 3 hours
Opens up the time domain



What’s changing (other than the sky...)

& Focus on reducing data latency

Significantly improved
performance after
Flight Operations team
optimization

Continuing to work on
improvements to LAT
analysis pipelines

& Continue to deepen sensitivity, especially at high energies,
where the sensitivity improves linearly with time



Working Together to Find New Things
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& Discovery of VER J0521+211, via VERITAS observations at
the location of a cluster of of >30 GeV photons in the first

year of LAT data



Blazars - Most Populous Fermi Source Class
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& VERITAS observations critical to characterize the shape of

the second peak.
& Gamma-way emission mechanisms
& Gamma-ray attenuation on extragalactic background light



Lots and Lots of MW Campaigns Together
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Gamma-ray absorption

& The Universe is largely transparent to gamma-rays below
~10 GeV - thus we can see to great distances in all
directions.

&5 At higher energies gamma-rays are absorbed as they
traverse intergalactic space by IR-optical-UV photons.

& The amount of absorption depends on the distance to the
gamma-ray source and on the density and spectrum of the IR-
optical-UV background radiation.

Effect of Ext lactic Back nd Light o 5 3
ot ximgatactc Buckground tign The distance to active galaxies can

be determined from optical
observations.

Thus a measurement of gamma-ray
cutoffs provides information on the
IR-optical-UV background -> galaxy
and star formation as a function of
time.

10 100
Photon Energy (GeV)



Extragalactic Background light
two experiments are better than one!

& Fermi-LAT can - .
measure intrinsic ~ § 8
(unattenuated) € | s iy |
spectrum OO U Rt BT O ORI |
Energy [GeV) Energy (GeV|
& VERITAS provides T -
measurements of  E 5!
spectral breaks . 2. P
caused by I3 € g
attenuation on o o T T
nergy [GeV) Energy [GeV]
the EBL 4

Orr et al. 2011 ApJ 733 77



GeV GRB Properties

GeV Afterglow with Powerlaw decay

Extra Spectral Component

Remarkably, these features are seen in most bright LAT-detected GRB!

Great for VHE: time to get on target and hard spectrum components to
explore



GRB 130427A

& GRB 130427A was a nearby
exceptionally bright GRB

&5 LAT emission for ~20 hours

&9 VERITAS Observations
of GRB 130427A provide
constraints on the

spectrum or lightcurve
of GRB 130427A




Moving to our Galaxy



117 Gamma-ray Pulsars in 2PC

35 Gamma-ray : I | 40 millisecond
selected pulsars : : pulsars
=
i 'O+
0@, . P

42 Radio loud
pulsars

@& Second Fermi-LAT pulsar catalog
Now have over 200 Fermi-detected pulsars



Vela Pulsar - Fermi-LAT Phase
Averaged SED

N(E)= N,E'¢'*'*

Consistent with b=1
(simple exponential)

b=2 (super-exponential)
rejected at 16.50
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No evidence for magnetic
pair attenuation:
Near-surface emission
ruled out

Abdo et al, 2009



VERITAS and Fermi-LAT Observations
of the Crab Pulsar

= 107
'?g -
&Crab pulsar at [
>100 GeV! .
5 o et
~ " erml | etal, 2010)
@ Above 100 GeV, u : MAGIC (Aliu ot al. 2008)
4 MAGIC (Albert et al. 2008)
peaks are 3 ¢ CELESTE (De Naurois et al. 2002)
107 = STACEE (Oser et al. 2001)
narrower "L W esowetnl 200
107 ' Broken power law fit
= === Exponential cutoff fit
&5 Cutoff of 2
Comb]ned : ‘?\< z_ + Power law with expomential cutotf A
spectrum is not W A e
. caabbe rasdaXa g ‘ rerercsefedbederebreesezans
exponential 10 10" 10°

Energy (MeV)

& Extension of Fermi spectrum or new component (e.g. inverse
Compton)?



Transitional Millisecond Pulsars

Gamma-ray Transition of PSR e Transition between rotation
L B B R powered and accretion
ST BT eretion | powered state

w

e More expected - LAT already
| _ detected two transitions

A AT | between accreting and radio
T a— o MSP states

Year

n

Radio Pulsations Vanished —p :

Flux (>100 MeV) (10" ergem®s”)

J

e Y-ray emission brighter in
the accreting state - a
mystery since accreting
sources are not typical y-ray
emitters.

A new area of study for Fermi - will it become one for VERITAS too?



Gamma-ray Studies of SNR

@& Origin of Cosmic-rays
&Particle acceleration

&SNR evolution

& Cosmic-ray feedback




Pion Bumps - clear evidence for protons
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Resolving a Proton Accelerator

&9 Pass 8 data resolve the shell of DeconvohatiZa00CaV avents.
IC 443 at physical scales of ~5 Pass 8 gives 2.4x statistics of
P7REP with cut on PSF68 < 0.4°

pc GeV/TeV gamma-rays match
the distribution of shocked gas

& Dense molecular and diffuse s,
atomic (fast shock) regions A
differ in flux by ~10x, but X
SpeCtra are SurpriSingly shocked HCO* contours

consistent.
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Gamma-ray properties appear to
evolve with SNR age

w44
® IC 443
® RXJ1713.7 _

Tycho :

10,000 yr
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Binary Systems

recycled pulsars, »
black widow. red backs

- | X-ray binary
gamma-ray binary o ) /

>2009 (1+1)

>2009 (~30)




A New Class of Gamma-ray Source

&9 Particles accelerated in
multiple shock waves in the
rapidly expanding debris shell

& An unexpected discovery -
only possible because Fermi
surveys the sky

Fermi’'s Gamma-ray Novae

o
2 -
Now have 7 | 1o s
detected : - s
Novae
Nova Cygni 2010 Nova Scorpii 2012 Naova Monocerotis 2012 Nova Delphiné 2013
(V407 Cyg) (V1324 Sco) (V959 Mon) (V339 Del)

Ihcrraning gamma tay brightsen
e ———T
So B ]

M o s W e yry v 1 Nt




Gamma-ray binaries - LS| +61 303

105\’ 10“ 10'2

Orbital parameters: (phf‘ageagf%") .

. ~ Distinct Spectral
LSI +61 303 Inferior/superior * : components

* conjunction
26.5 days (phase 0.16/0.26))
Perigstron
(phése 0.23)

\ @ rbital period:

~26.5 days

vF, (erg em™® s7)

*- VERITAS
— Coratarn!

152 Orbit (Oct 2014)
2nd Orbit (Nov 2014)
Jed Orbit (Dec 2014)

8 B 8 & 8

Highly
sk variable
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o/ 4.5 year superorbital
perlod seen in GeV and TeV

Integral Flux Peak (E>300 GeV) [10™ cm?57)

Flux (E>350 GeV) [ph cm? 5]
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Conclusions

& VERITAS and Fermi have made (and continue to make)
great partners!

&9 We should look to the future:

& The sky is always changing - there will continue to be new
things to find

@& Things on new (longer) timescales
& Rare transients

& Spectral overlap between Fermi-LAT and VERITAS for
persistent sources will improve with time



Fermi Highlights and Discoveries
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: . —— Radio Galaxies

—{Starburst Galaxies-

LMC & SMC| Qw

- Globular Clusters Fermi Bubbles+— . ~.=§
- SNRs & PWN|— &
_ac’{,\c’ y-ray Binaries ’
IS

— Pulsars: isolated, binaries, & MSPs-

——Sun: flares & CR interactions{ /4. & m
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