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« The LAT as a flare detection tool

 New AGN targets for
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.,y;:m:;: ﬁﬁﬁﬁ Fermi & LAT characteristics

* Energy range:

* Energy resolution:

» Collecting area:

* Field of view:

» Angular resolution:

o Observation mode:

« Orbital period.:

* Full sky view:

Stephen FEGAN - Fermi AGN an
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20MeV to 300GeV

15% — 100MeV to 10GeV
9,500 cm?

2.4sr (104° cone)
0.6°@1GeV, 0.15°@10GeV
sky survey, rocking 35° N/S
95 minutes

3 hrs (~uniform in 55 days)
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) s LAT bright AGN sample (LBAS

58 FSRQ
42 BL Lac

)

Also: NL Seyfert 1
PMN J0948+0022
Apd 699, 976 (2009)

132 bright Fermi sources (OFGL) outside the plane, with |b| > 10°
« 106 associated with known AGNs at 90% confidence level (LBAS)
« Sample is 40% BL Lac, 55% FSRQ (vs 23% BL Lac for EGRET)

Stephen FEGAN - Fermi AGN and the GeV-TeV connection - LLR 17 Sept 2009
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e, Two classes of blazar

Blazars are sub-classed into two types:

R e 7 Flat spectrum radio quasars (FSRQs)

i - Strong emission lines

f, (arbitrary units)

- High power

- EGRET detected many FSRQs in its
lifetime out to a redshift beyond 2

BL Lacertae type objects (BL Lacs)

WGCAJO449.4—4349

- Almost featureless spectra

f, (arbitrary units)

- Lower overall power than FSRQs but
often with higher energy emission

L L L L 1 s 1 1 L | L L L L
4000 5000 68000 7000

omerves v (4 - EGRET detected 14 BL Lac, generally at

lower redshifts, z<1
Stephen FEGAN - Fermi AGN and the GeV-TeV connection - LLR 17 Sept 2009 6
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L s el Flux vs spectral index

3 | T T T T | | | T
— TS=100 - FSRQ ,
b=20,80deg.  >°[ BlLac . .
26 - -
< L g ]
TS=1OO Q 24— &
= ol ]
""" b= 20 deg. = - . 7
E< 3 GeV S ool oo ]
s F y -
o= — ]
o - - —
2 _
ra -
el ]
B | | | | | | | | | | ]
-8 -7.5 -7 -6.5 -6 -5.5

log(Flux [E>100 MeV] ph cm? s
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<=z Power-law index distributions

"= All AGN The spectral indexes of detected
iz detected FSRQs and BL Lacs are
E; drawn from different distributions.

FSRQs: softer, LAT is detecting
falling edge of emission

T
N
ny)
O

5] III|III|III|III|III|III|III|I

Number of sources

6 . .

4 BL Lacs: harder, LAT is detecting
2

{1] 1.I4 1.I'B 1.IB 1FII_I2.I2I I I2.I4I I Ii.lﬁl I Ii.IBI 3 32 phOtonS Closer to the peak Of

= emission

= BL Lac

‘£

3

2

1.2 14 186 1.8 2 22 24 26 28 3 32

Photon Index
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/ Space Telescope

3C454.3 (FSRQ)

v F, (MeV decade ‘cm™s")
<%
|

;Iﬂ
T

10

Power-law fits

v F, (MeV decade 'cm?s”)

%

AO 0235+165 (Int. BL)

Stephen FEGAN - Fermi AGN and the GeV-TeV connection - LLR 17 Sept 2009

Mkn501 (HBL)

v F, (MeV decade 'cm™s”)
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Stephen FEGAN - Fermi AGN and the GeV-TeV connection - LLR 17 Sept 2009
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L s el Source evolution

. <V/Vmax> test is a simple and robust test for evolution in a population

 V is co-moving volume to the known redshift of each detected source
. V__ is the total CMV within which a similar source could be detected

. <V/Vmax> should be 0.5 for non-evolving source population

Sample #objects <VN__>

FSRQs 58 0.645+0.043

BL Lacs 42 0.475+0.046
All with z>0 92 0.51210.031

Stephen FEGAN - Fermi AGN and the GeV-TeV connection - LLR 17 Sept 2009 11



U7 LBAS sample summary
FSRQ BL Lac
 Number 58 42
o Flux Higher Lower
* Index Softer (>2) larder (~2)
* Distance  Further Nearer
 Evolution  Positive (30) None

Stephen FEGAN - Fermi AGN and the GeV-TeV connection - LLR 17 Sept 2009
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<z otudies of GeV—TeV blazars

« Simultaneous multi-wavelength observations

- Single source state allows detailed modeling
- Modeling correlations between different bands
- “Simultaneous” observations with Fermi free!
- “Timescales” not matched for weaker sources

Q00O

- Take time to revisit 28 detected TeV blazars
e Fermi and non-simultaneous TeV observations

©

- TeV spectra available for 28 blazars

- State not “guaranteed” to be same — can study Q
this effect somewhat

Stephen FEGAN - Fermi AGN and the GeV-TeV connection - LLR 17 Sept 2009
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| ,ﬁ oo, PKS 2155-304
 Well-known TeV BL Lac, from which extreme
variability has been detected by H.E.S.S.

» Multi-wavelength observations made with
Fermi, H.E.S.S., RXTE, Swift and ATOM

» 12 days of observations in August 2008

ATOM — Optical RXTE + Swift Fermi/LAT H.E.S.S.

106 pointings 0.5 — 10keV 0.2-300 GeV 0.2-10 TeV
75ks + 6.4ks 7.7 x 10° cm? 32.9 hours

Stephen FEGAN - Fermi AGN and the GeV-TeV connection - LLR 17 Sept 2009 (From: D. Sanchez)

14



~ "
Gamma'ra}' H I r
/' Space Telescope

ical

VHE

flux states

Flux can be up to 50
times its quiescent state!!

FI—I :| T |
o 4F
e :
O 3.0
o =
. SE
> 2.5F
o =
o 2F
o n
AN |
L 150
1
0.5F

SR

0" 40
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Time - MJD53944.0 [min]

(From: D. Sanchez)
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<=z Historical VHE spectra

H.E.S.S. Spectrum

o L - is soft, with I'=-3.3
£ 10° = —
o = =
o — Fermi _] . . . .
° L 1 Peak in emission is
W 10— — . . .
A S = likely in the Fermi
2 - -
L ‘11— Hadronic LT — energy range
107 = IE
- - Simultaneous
= I = observations can
- - measure full I.C.
107 =7 | —= emission peak
vd o regardless of flux

Erev] State

Stephen FEGAN - Fermi AGN and the GeV-TeV connection - LLR 17 Sept 2009 (From: D. Sanchez) 16
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<=z Historical VHE spectra

H.E.S.S. Spectrum

— [T IIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| [ T TTTTTT I T TTTTTT 1]
o b /\ - is soft, with '=-3.3
£ 10° = —
o = =
o — Fermi _] . . . .
° L 1 Peak in emission is
W 4410 — — . . .
= = likely in the Fermi
- : _]
L 11— Hadronic LT — energy range
1 E =
- - Simultaneous
= I = observations can
- - measure full I.C.
107 =7 | —= emission peak
vd o regardless of flux

Erev] State

Stephen FEGAN - Fermi AGN and the GeV-TeV connection - LLR 17 Sept 2009 (From: D. Sanchez) 17
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<=z Historical VHE spectra

H.E.S.S. Spectrum

o L - is soft, with I'=-3.3
£ 10° = —
o = =
o — - ; . :
° L 1 Peak in emission is
W 4410 — — . . .
= = likely in the Fermi
- : _]
L 11— Hadronic LT — energy range
107 = IE
- - Simultaneous
= I = observations can
- - measure full I.C.
107 =7 | —= emission peak
vd o regardless of flux

Erev] State

Stephen FEGAN - Fermi AGN and the GeV-TeV connection - LLR 17 Sept 2009 (From: D. Sanchez) 18
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<=z Mutli-wavelength lightcurves

- E + E
T e + =
6E- ’ =
e + SLER I A
4E" HESS (0.2-10 TeV) =
" 255 —3
i = —— =
§ 2 25
2 15 ——— | —2
= —t — —— — 15
1:_ —e— D
osE- 4+ ——
= Fermi (0.2-300 GeV) —os
- F =
v 10— + + e I
T F b { ) —29
o a__ + - —;2.8
> = ¢ 527
S oe— * e ¢ 26
o — ¢ * =P
-— — a = ==
41— ™ =
= « * . 4 —S24
2=~ RXTE, SWIFT (2-10 keV) =23
o 165 =
— - =
g 15~ * =
o T4E H ) —
=13 * . ‘|‘ 88 3
S 128 . & i * —
RIS s A . 3
15~ ATOM i =
— 704 706 708 710 712 714

Index I

Index I

Flux variability:
VHE: 23%

HE: <20% (UL)
X: 35%

O: 8%

Fermi flux shows no
evidence for variability, but
Fermi spectral index does

Correlations:

O-VHE: 0.77-0.86
X-HE Index: -0.80
X-VHE: 0.12

Abdo et al., ApdJ, 700, 597 (2009)
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L s el Combined SED
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L s el Combined SED
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L s el Combined SED
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of Fermi data (out of a total of 28)

* The majority have I'<2 at GeV energies
(the median index is 1.9)

* The majority do not show evidence of variability
on month timescales during this period

 The gamma-ray spectra for many of them can
be explained by a power-law modified by
absorption through interactions with the EBL!

Stephen FEGAN - Fermi AGN and the GeV-TeV connection - LLR 17 Sept 2009 23
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/S Tocirs 3C 66A/B

1600

1400

1200

1000

800
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400

200

HE gamma-rays:
Fermi detects significant

emission, and prefers 3C66A as

the source of the bulk.
Extrapolation of PL spectrum

“more consistent” with z=0.444.

VHE gamma-rays:
VERITAS and MAGIC detected VHE
emission from this region.

V: 3C 66A (HBL z=0.4447)

M: 3C 66B (RG z=0.0211)

P

"s 3C 66A/B
-10 — —
o — e -
(<} | __--:—:?t-"-\ _____________________ :
m L ‘\\\:“ ‘‘‘‘‘‘ —
2 N E
= N 3
W .
el i
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\ \ I 7]
| 111 II \\\\\ 1 L 1 I?

10" 10'2 10'°
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,‘ sfaiz“?;;:im PG 1553+113

- - AL 17 VHE gamma-rays:
w: R PG 1553+113 7 Detected by HESS.
S 1OE .. 3 One of the hardest
s r " ] of the TeV sources
g T 1 with I'=4.0+0.6.

E 10 ¥ Unknown redshift,

with 0.09<z<0.78.

HE gamma-rays:
Bright hard source

| with I'=1.69.
T T e s Extrapolation of a
EleVl - PL spectrum is
more consistent with
z=0.78 than 0.09

Stephen FEGAN - Fermi AGN and the GeV-TeV connection - LLR 17 Sept 2009 25
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L 1ES 1101+496

= [ e VHE gamma-rays:
(/]
I 1ES 1011+496 7 MAGIC spectrum
o 107 3 starts at 150GeV.
s L .
u 1011:_ ,:”/:j _| HE gamma-rays:
E - + 5 Hard spectrum with

- H.# 1 some evidence of

1072 = curvature.
i 1 Extrapolated GeV
= spectrum agrees
| I Ll

.1..012 — “1“013 qUite We” Wlth VHE
EleVI measurements.

Stephen FEGAN - Fermi AGN and the GeV-TeV connection - LLR 17 Sept 2009 26
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Extrapolation of both low & high GeV states

under-predict TeV flux.

Stephen FEGAN - Fermi AGN and the GeV-TeV connection - LLR 17 Sept 2009

‘@ssermi
s, 3C 279
:__I - - 1000__| "3'C|2'7'9' | T T 3
‘;n o i 3C 279 800 + .
10° :
5 - T @@ + N
2 T t ; o]
o 1010 & 4001 —+- + -
% E { 200i“-_“'—“'—-_'—-_N-_“-__;-_ _________ __+__ -------------------- + _—:
% N ! T :_+_+++—¢——¢— T
Wy \f\l J | I o
- 1 VHE gamma-rays:
1072 - MAGIC detection of
- 1 first TeV FSRQ
- _| HE gamma-rays:
il sl sl @ Glear curvature.
10 10 10 10" .
E[eV] © Bright flare during

lasting ~40 days.
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‘@5 ermi .
s Markarian 421
- F T \JHE gamma-rays:
qz T Long history at TeV
o 10°F Mrk 421 3 energies. Shows
s T "T"ee., ] extreme variability,
s e -4 hard spectrum, and
50°F /Jﬁli; """""""" 1 is relatively close.
B - - 1 One of the few TeV
1o E +  _ AGN showing non-
= + 1 PL spectrum.
B 1 HE gamma-rays:

Hard spectrum with
~ " no evidence for
EleVI curvature.
Extrapolation of GeV spectrum yields spectral index in TeV regime

that is harder than ever observed. Curvature at 50-100GeV?
Stephen FEGAN - Fermi AGN and the GeV-TeV connection - LLR 17 Sept 2009 28




/!

<= Joint fitting of GeV/TeV spectra
« Overlap between GeV and TeV increasing

- Number of HE photons detected by Fermi
increasing (Mrk 421: 5 ph > 150GeV in 6 months)

— Threshold of TeV instruments set to decrease with
HESS-2 and MAGIC-2

* |s there interest in having ability to fit spectra
across both instruments simultaneously?

- Based on Xspec or merger of existing code sets
- Cross calibration tools

Stephen FEGAN - Fermi AGN and the GeV-TeV connection - LLR 17 Sept 2009
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<. LAT as a flare detection tool

_PKS 1502+106

3C 454.3

DOY 218 (Aug.05)
—PKS 1502+106

3C 454.3

DOY 219 (Aug.08)

Stephen FEGAN - Fermi AGN and the GeV-TeV connection - LLR 17 Sept 2009
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<. Alels (just check Twitter

Login Join Twitter!

Hey there! astronomerstel is using
Twitter Join today!

q f 0 f q Already using Twitter
Twitter is a free service that lets you keep in touch with people from your phone? Click here.

through the exchange of quicl, frequent answers to one
simple guestion: What are you doing? Join today to start
receiving astronomerstel's tweets,

Name ATel
Location Montreal, QC
astronomerstel Web http:/www.astron...

Bio The Astronomer's

Telegram
ATel 2175: LAT detection of GeV flare from blazar PKS ATel 2168: LAT detection of a GeV flare from 3C 273
2023-07 http://bit.ly/A43x2 http://bit.ly/RFBAF
6:10 AM Aug 2T7th from twitterfeed 1:05 PM Aug 20th from twitterfeed

ATel 2154: LAT and INTEGRAL detection of increasing
high-energy activity of blazar 3C279 http://bit.ly/3gzDAL

3.04 PM Aug Tth from twitterfeed

ATel 2160: LAT detection of increasing gamma-ray
activity of blazar PKS 2052-474 http://bit.ly/OUSUR

4:35 PM Aug 14th from twitterfeed

ATel 2136: LAT detection of GeV flares in high redshift ATel 2124: Fermi LAT detection of a GeV flare from BL Lac PKS
blazars 4C 38.41 (B2 1633+ 38) and PKS 0805-07 hitp://bitly 0537-441 http:/ftinyurl.com/l4zp94
fssm72 3:49 PM Jul 10th from twitterfeed

7:35 AM Jul 23rd from twitterfeed

Stephen FEGAN - Fermi AGN and the GeV-TeV connection - LLR 17 Sept 2009
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<=z, \Where are the TeV flares?

« Current flaring criteria (based on integral flux
going above 10°cm™s™) have not resulted in

triggers on TeV AGN

- They detect flares from FSRQ and LBL
* Development of a TeV trigger of considerable

Interest to LAT and VHE co

- Initial investigations show t
detections of multiple HE p

laborations

nat a trigger based on

notons (>10-50GeV) in

the LAT from same region of sky is promising

* Hope to have something in

place for coming year

Stephen FEGAN - Fermi AGN and the GeV-TeV connection - LLR 17 Sept 2009 32



<=ami  New AGN targets for TeV
Instruments

Stephen FEGAN - Fermi AGN and the GeV-TeV connection - LLR 17 Sept 2009
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J Conclusions
e Learned a lot about GeV blazars from LBAS

« TeV observations of LBAS sources underway, the
1FGL AGN and unidentified sources will provide
further interesting TeV targets

« Fermi flaring source trigger not a useful tool for
TeV instruments during 1 year. A specific HE
trigger may be more fruitful in upcoming years

* To really understand GeV-TeV AGN there is
much work to be done by TeV observatories and
Fermi. This first year was a great start!

Stephen FEGAN - Fermi AGN and the GeV-TeV connection - LLR 17 Sept 2009 34



e Learn

Conclusions
ed a lot about GeV blazars from LBAS

« Dedicated MW campaigns including Fermi and
TeV instruments promise to reveal more secrets of

partic

e acceleration and emission

e GeV-]

eV AGN are amongst the hardest detected

by Fermi. Many are consistent with simple intrinsic
power-law spectrum

« 1° Fermi catalog will help guide TeV observations

» Dedicated TeV flare trigger

« Joint-analysis tools may be useful for HESS2 etc.
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. New catalog
- Predictions for new TeV sources
- Unidentified hard-spectra targets
* Precision measurements of gamma-ray spectra

- Understand Fermi systematics — on orbit simulation
and calbration (Pass 7 IRFs and beyond)

— Cross calibration with TeV instruments as number of
>100GeV photons increases

e New TeV instruments
- H.E.S.S. 2 and MAGIC 2 extend to <100GeV

. n
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p 25 AGN: GeV-TeV connection

e Simultaneous observations with Fermi and TeV
iInstruments will be crucial to understand the
physics behind emission from extreme objects

- VHE spectra are often simple power-laws

- Parameters of astronomical objects required for
modeling the emission are usually not well known

- Therefore in many cases models for different
emission mechanisms can be made to fit VHE data

- The 3 orders of magnitude between 100MeV and
100GeV will help measure features in the spectra
and make it more difficult to fit different models
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« At LLR we are working on a comprehensive
paper on Fermi observations of VHE blazars
which will cover nearly 6 months of Fermi data
and have a cutoff at the 5o level.

* Fermi's all-sky capability is a natural trigger for
VHE instruments. A specific “high energy
photon” trigger would be useful to initiate MW
campaigns.

e Cross calibration of Fermi with VHE instruments
can be addressed as Fermi collects more data
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«xz. Bright source associations

Unassociated
Associated

Identified

O Unassociated X AGN
+ X-ray binary v Globular cluster

¢ Pulsar
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/<. O0Urce associations summary

Class Number
Radio/X-ray pulsar 15
LAT gamma-ray pulsar 14
HMXB 2
BL LAC 46
EFSRQ 62
Other blazar (Uncertain type) 11
Radio galaxy

Globular Cluster 1
LMC 1
T Special cases 14
Unassociated 37
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S e Fermi spectrum
'-: S Fermi spectrum from
£ the 2 month period
210" — — around the campaign
w [ ] (to enhance statistics)
z | _
w7 | Broken power-law
i | preferred over simple:
I =161+ 0.16
] 11,=196 +0.08
10_11 | L0l Lol L0l L
10 10° 10* 10° 10°

E [MeV]
(From: D. Sanchez)
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