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Vhy explore the Universe in gamma?-=
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IL NUOVO CIMENTO

Vou, VII, N. 6

On Gamma-Ray Astronomy.

P. Mogrnrisox
Department of Physics, Cornell University « Ithaea, N, Y.

(ricevuto il 22 Dicembre 10567)

Summary. - Photons in the visible range form the basis of astronomy.
They move in straight lines, which preseeves source information, but they
arise only very indirectly from nuclear or high-energy processes. (Cosmic-ray
particles, on the other hand, arise directly from high-energy processes
in astronomical ohjects of various classes, but carry no information about
source direction, Radio emissions are still more complex in origin. But
y-rays arise rather directly in nuclear or high-energy processes, and yet
travel in straight lines. Processes which might give rise to continuous
and discrete y.ray spectra in astronomical objects are described, and
possible source directions and intensities are estimated. Present limits
were set by observations with little energy or angular diserimination;
y-ray studies made at balloon altitudes, with feasible discrimination,
promise valuable information not otherwise attainable,
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Synchrotron Radiation
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Meson Decay
(1) Proton hits nucleus
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© (2) Meson produced
\ g

Magnetic-field lines
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Gamma ray gamma rai\l\]\l\r

Fast moving

/ electron
Electron y
Gamma ray \ /ow -energy lz

pholons

-88

Positively charged

nucleus \

Bremsstrahlung

High-energy
gamma ray

Inverse Compton Scattering

< Gamma-rays are produced by non-

thermal processes!

Extreme High-Energy end of em spectrum => extreme universe.
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/-Fhe discovery

« 1967-1968, OS0O-3 Detected
Milky Way as an extended y-ray

source
621 y-rays
« 1972-1973, SAS-2,
~8,000 y-rays &\ -
« 1975-1982, COS-B =< = "
orbit resulted in a large and variable EGRET _
background of charged particles R R ™ '
~200,000 y-rays N
+ 1991-2000, EGRET i
Large effective area, good PSF, long SPARK. CHAMBERS
mission life, excellent background T Vd
rejection corulaT l |
>1.4 x 108 y-rays S s v (S
S e ) X
« 2007- AGILE Small Italian B

mission, in operation



<>emi The EGRET Gamma Ray Sky ("'_

diffuse extra-galactic background (flux ~ 1.5x10-° cm-2s-1sr1)

high latitude (extra-galactic) point sources (typical flux from EGRET sources O(10-7 - 10-%) cm-2s1)

An essential characteristic: VARIABILITY In time!

rield ofoview important foristudy-af transients.
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Variability over 3 months gl
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<wz(north-south Galactic Emisphere)—

E>100 MeV, poles view, 1 day time interval, extreme
sensitivity to flux variation
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Large AreaTelescope (LAT)
20 MeV - >300 GeV

Gamma-ray Burst Monitor (GBM)
NaI and BGO Detectors
8 keV - 30 MeV

KEY FEATURES
* Huge field of view

~§pacecraf'r Partner: :—Z”/ ! V

,..genem Dynarmcs_.. -y | —LAT: 20% of the sky at any
i ST P o i1 instant; in sky survey mode,
BN oY c, e o Sl | L expose all parts of sky for

SRV e S HH A=

~30 minutes every 3 hours.
GBM: whole unocculted sky

at any time.
* Huge energy range, including
largely unexplored band 10 GeV -
100 GeV. Total of >7 energy
decades!
» Large leap in all key capabilities.
Great discovery potential.
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Gamma-ray
Space Telescope

"« Precision Si-strip Tracker
(TKR): measure the photon :
direction; gamma ID.

 Hodoscopic Csl Calorimeter
(CAL): measure the photon
energy; shower shape.

+ Segmented Anticoincidence
Detector (ACD): reject
background of charged cosmic .8
rays; segmentation removes
self-veto effects at high

energy. ACD

» Electronics System includes [surrounds ,
flexible, robust hardware 4x4 array of Calorimeter
trigger and software filters. TKR towers]

Atwood et al, ApJ submitted

Systems work together to identify and measure the flux of cosmic gamma
rays with energy 20 MeV - >300 GeV.
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Gamma-ray . O i 7] core

/ Space Telescope
\

 Launch from Cape Canaveral
Air Station 11 June 2008 at
12:05PM EDT

* Circular orbit, 565 km altitude
(96 min period), 25.6 deg
inclination.

DESY Seminar June 9th-10th 2009
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And then....
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 France
— CNRS/IN2P3, CEA/Saclay
« ltaly
— INFN, ASI, INAF
 Japan
— Hiroshima University
— ISAS/JAXA
— RIKEN
— Tokyo Institute of Technology
« Sweden

— Royal Institute of Technology (KTH)
— Stockholm University

 United States

The LAT Collaboration

Pl: Peter Michelson
(Stanford)

~390 Scientific Members (including
96 Affiliated Scientists, plus 68
Postdocs and 105 Students)

Cooperation between NASA
and DOE, with key
international contributions
from France, Italy, Japan and
Sweden.

Managed at SLAC.

— Stanford University (SLAC and HEPL/Physics)
— University of California, Santa Cruz - Santa Cruz Institute for Particle

Physics
— Goddard Space Flight Center
— Naval Research Laboratory
— Sonoma State University
— The Ohio State University
— University of Washington

DESY Seminar June 9th-10th 2009

Claudia Cecchi
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« Systems with supermassive black holes (Active Galactic
Nuclei)

« Gamma Ray Bursts (GRB)

* Pulsars

« Supernova Remnants (SNR), PWNe, Origin of Cosmic
Rays

* Diffuse emission

» Solar physics

* Probing the era of Galaxy formation, optical-UV
background light

* Unidentified sources

* Discovery! New source classes, Dark Matter (?)

Draw the interest of both High Energy Particle Physics
and High Energy Astrophysics communities

DESY Seminar June 9th-10th 2009 Claudia Cecchi

Istituto Nazionale
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Operating modes L ot
/ Space Telescope
\
« Primary observing mode is Sky Survey 100 Sec \ Day

— Full sky every 2 orbits (3 hours)

— Uniform exposure, with each region
viewed for ~30 minutes every 2
orbits

— Best serves majority of science,
facilitates multiwavelength
observation planning

— Exposure intervals commensurate
with typical instrument integration
times for sources

— EGRET sensitivity reached in days

1 Orbit 1 Year

|
2 3
Flux > 100 MeV ( phot cm?s°1)

108

* Pointed observations when appropriate (selected by peer review in later
years) with automatic earth avoidance selectable. Target of Opportunity

pointing.
« Autonomous repoints for onboard GRB detections in any mode.

DESY Seminar June 9th-10th 2009 Claudia Cecchi
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erformance of the LAT on Orbit L ==
 Total background rates very close N
to expectation (non-trivial!) _* R -~ T

0.99

= Ground data

- Spectacular charged-particle hit b
efficiency: ‘ m+ S
" T et |
 PSF on-orbit as expected (note g" T
intrinsic energy dependence => o —_
localization is source-dependent) NG
— verify using on-pulse photons ‘ 1
from Vela, compare with detailed
MC simulation: 0 R N N DN IR DS B B
lergy [MeV])
« On-orbit calorimeter calibration _E_JAJ\J N P
stable my /\,a\\
— use cosmic ray heavy ions: Ll

3.4 X .8 4
log10[crystal energy (MeV)]
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<L ermi The First Light

Gamma-ray

Space Telescope
" 4

Milky Way Center

/

Vela Pulsar

~

P
Blazar 3C454.3

Four days of all-sky survey engineering data.

Geminga
Pulsar \

.

Crab/i
Pulsar
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oo AGILE 9-month sky map

Space Telescope
w "
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LAT Bright Sources
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ST e (March 11th 2009)

L

NASA’s Fermi telescope reveals best-ever view of the gamma-ray sky

PKS 1502+106

©

(0]
(o]
Sun Sun

October 30, 2008 August 4, 2008
PSR J1836+5925

Geminga
LS| +61 303 ; ‘ ‘Unidentified 5 . PKS 0727-115 ' 4

]

O

NGC 1275

Unidentified

Credit: NASA/DOE/Fermi LAT Collaboration
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« How and where do pulsars emit gamma rays? How common are radio-

quiet pulsars?
— necessary clue to magnetic field configurations and dynamics
 What are the EGRET Unidentified Sources?
— most of the EGRET source identifications are a mystery

 What are the energy budgets of gamma-ray bursts? What are the
temporal characteristics of the high-energy emission?

— not well characterized yet, key tests of models.
 What are the origins of the diffuse emissions?

— galactic: cosmic-ray and matter distributions; sources

— extragalactic: populations

— new sources (Dark Matter annihilations, clusters, ...)

* How do the supermassive black hole systems of AGN work? Why do the
jets shine so brightly in gamma rays?

— temporal and spectral variability over different timescales
«  What remains to be discovered with great new capabilities?

— EGRET showed us the tip of the iceberg. New sources and probes for
new physics.
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Gamma-ray e e

S aceTeesco e —
o S light curves
0 Rotating neutron stars
Magnetic axis inclinated with respect to the rotation axis

Q

0 Rotation energy dissipated in the emission of the EM radiation and in the charged particle
acceleration

Q

Most of the energy emitted in the gamma band

CRAB PSR B1509-58 VELA PSR B1706-44 PSR B1951+32 GEMINGA PSR B1055-52

" Light Cylinder

I ik
L Ml

GAMMA-RAY

. /‘
Region of Y / Open
closed magnetic .

fiold lines > magnetlcmmd

Cone of radio emissior

w
=
-
'8
O
z
O
-
3)
z
o)
'8
<
)
<
%)
z
w
-
4

P~33mSEC P~150mSEC P~89ImSEC P~102mSEC P~39mSEC P~ 237 mSEC P~ 197 mSEC
TIME IN FRACTIONS OF A PULSE PERIOD

Multiwavelength light curves of the seven pulsars detected with EGRET. Aflat line in the radio, optical
or X-ray bands means that no such pulsation has been detected. GLAST should provide gamma-ray
light curves for several dozen pulsars, which combined with the pulse shapes measured at other
energies will severely constrain theoretical models for pulsar emission.
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N(E) N E E/E Consistent with b=1, simple exponential

b=2 superexponential rejected at 16.50

[=151,

= 10? =004
Tg E=29+0.1 GeV
g
d
g 1070 No evidence for

: | magnetic pair

e S Fam \ attenuation - near

—— ExpCutoff surface emission ruled
107 10° 10" out
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Gamma-ray-only Pulsar

A radio-quiet, gamma-ray only pulsar, in Supernova Remnant CTA1

Quick discovery enabled by
 large leap in key capabilities

* new analysis technique (Atwood
etal ™ | |

160}

P~317 ms
Pdot ~ 3.6E+

140}

= =

o N

o o
T T

Number of counts
®
o

60

a0}

20

8.0 0.5 1.0 15
Pulse Phase

« Spin-down luminosity ~1036 erg s, sufficient
to supply the PWN with magnetic fields and
energetic electrons.

* The y-ray flux from the CTA 1 pulsar
corresponds to about 1-10% of E,, (depending
on beam geometry)

DECLINATION (J2000)

11%

74°

10°

72°

ke

BT

5 /

—— J
ot Ko

ot 20™ 7120°

119° 50 118°
RIGHT ASCENSION (J2000)

Age ~(0.5 - 1)x10* years
Distance ~ 1.4 kpc
Diameter ~ 1.5°
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Space Telescope
" 4

1 gamma-ray and radio pulsars (includes 8 millisecond pulsars)

P 16 gamma-ray only pulsars
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Gammarray At

/ Space Telescope P u Isa Y J 1 028

10,00 »LAT point source

> (1,b)=(285.074,-0.459)

> 95% CL radius of 0.079°
»Power law with a simple

exponential cutoff
> Cutoff ~2-3 GeV

> Index ~1.2
@4 > Integrated flux (0.1-30GeV)
3EG J1027-5817 1.62+0.27+0.32 e-7 ph/cm?/s
»>3EG flux 6.6+0.7 e-7 ph/cm?/s
> From power law with index 2
> No cutoff modeled

> Low energy contribution from nearby
source

Radio Position >COS'B source
> Flux 2.7 e-6 ph/cm?/s
> Actually multiple sources

“Counts map above 100MeV, gaussian smoothing applied with kernel radius of 3. Also plotted,

2CG gosmon (Swanenberg et al 1981), 3EG countors (Hartman et al 1999), and radio position.
DESY Seminar June 9th-10th 2009 Claudia Cecchi
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Galactic latitude (deg)

305 300
Galactic longitude (deg)

counts ﬁ a

80 100 150 200

315 310

Large area
The source lies in an

isolated sky region - _
Publication in preparation
(J. Knodsleder, CESR Toulouse):

radio ms pulsars in the Globulap~
Cluster 47 Tucanae

Perugia /-)

Istituto Nazionale
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-45.2

-45.4

-45.6

306.5 306.0 305.5 305.0
Galactic longitude (deg)
counts ﬁ'
50 100 150 200
Zoom

Location of LAT source relative to 47 Tuc
red circle: LAT 95% error radius
gontowrs: DSS2 stellar distribution (arbitrary units)
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«omi Fermi-LAT Pulsar discovery ™~

' Space Telesco pe Summary

First 4 month of the mission more than 36 pulsars
detected!

« confirmed 7 known egret pulsars (and several
EGRET candidates)

* 12 new young Radio pulsars

* 16 young pulsars pulsing in Gamma-Ray only

* 8 “milliseconds” Gamma-ray pulsars (establishing
a new class) (EGRET low significance candidate
confirmed PSR J0218+4232 )

* 16 new pulsars found directly in the Gamma-rays
(blind search)

« 20 additional pulsars seen for the first time as
Gamma-ray emitters
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Gamma Ray Burst’s

- Gamma- Ray Bursts (GRBS) The Long ong and Shortof It

Long gamma-ray burst
(>2 seconds'duration)
| A red-glant

v star collapses
__,.‘_ onto its core..

L

~Dbecoming o
dense that it
/ Jeapels s outer

Jet
A

¥ -

¥4
7
»

S5

oy ~
Gamma rays

Short gamma-ray burst
(<2 seconds’ duration)

Most explosive cosmological events!
N

Stars*in S
3 compact
binary system
begin 10 spiral
irward....

»

GRB FIREBALL MODEL'""-‘.

~eventually

celliding.
Aftergl
Burst__..
Pre-Burst—"T\".
~1091-1054 ergs e
The resulting 1orus o Shoc
has atits center — 2
a powerful Formation

black hole. 1y ~
y ; ‘ e TS - "‘.n. 3%
_ R=108cm R~3x1012cm e g8 s
/ ~ 1014 ¢em

*Possiby nevtron stovs.
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/<. Gamma Ray Burst at High Energy

Composite spectrum of 5 EGRET Bursts

Istituto Nazionale
||||||||||||||||

* Little is known about GRB emission in
the >50 MeV energy regime

« EGRET detected few high-energy bursts

T T r YT

Dingus et al. 1997

« GLAST, compared to EGRET, will have:

Average photons/(cm?-MeV)

Wider FoV "E
— Short deadtime (~25 ps) L j
No evidence
_ Repoint of cutoff
10-8 T . Seemedonssodmedoencd ‘;l)ll " Seedeoseadosodiondink ‘|:)()() " MR, Y ;()(;()()
Hurley et al. 1994 FEBRUARY 17’ 1994 BURST Energy (MeV)
1 ] l L] ] L] [ L] l L] l L ]
YSSE (]
25.50 keV Extended/Delayed eereT H10'Z  Extended or delayed
emission ¢  GeVemission may
\ 1°°m  require more than one
g emission mechanism,
x g¥ i' EARTH OCCULIATION f! ,!I T . 'Ozg and remains one of the
= unsolved problems.
1o‘§




v >
VTS .', e »‘. - , y‘ % GBM GRB outside the
RS I R N S LAT field of view
O I % e e w2 KT % GBM GRB within the
Koo T 0w 0 TeK Lowh, ™™ AT field of view.
0 * * ' ! . ™ * 0 )t" . * oy el ] ' A
18 . >/ f. ,I_’, " » * - . ¥ H : » ;v % * LAT GRB
X, oy TEooxT - b T x *
* o \ = N "
* * N ; ,}v . | X ‘c. »
" S N, W
¥ N _ ™S SERRRE
192 GBM GRBs -
8 LAT GRBs o 7 = f emitted ~1
N | S observed

—of—view of LAT

8 LAT-detected bursts (high-energy photons)

GRB 080825C

GRB 080916C z=4.35 +/-0.15 (GROND/photometric) 13 GeV photon!
GRB 081024B short-duration burst

GRB 081215A

GRB 090217

GRB 090323 z = 3.6 (Gemini/spectroscopic)

GRB 090328 2z =0.736 (Gemini/spectroscopic)

GRB 090510 2z =0.903 (VLT/spectroscopic); short duration; 31 GeV photon!



Loormi GRB080910C o
st first look at this burst...

« Largest number, = 200, of high-energy, >100 MeV photons (second is GRB
940217, with 28), allowing time-resolved spectral studies

« Significant =4.5s delay between onset of >100 MeV and 100 keV radiation
* First high-energy 100 MeV — GeV detection of a GRB with known redshift

* Redshift z=4.2+10.3 from GROND photometry on 2.2 m in La Silla, Chile
(Greiner et al. 2008)

« Large fluence burst (2.4%x104 ergs cm2) at 10 keV — 10 GeV energies
— Apparent isotropic energy release is 8.3x10°* ergs
— Supports the black-hole jet/collapsar paradigm of GRBs
— Extreme y-ray events = extreme particle acceleration
 GRBs as sources of the UHECRs
» Test particle acceleration models
* Highest energy photon (E = 13.22+0.70-1.54 GeV) from GRB with z
— Largest minimum Doppler factors from opacity constraints (G, = 900)
— Best limits on quantum gravity mass
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Ga
\/ Spad

mma-ray
-Teescore PRELIMINARY!

- GBM Nal, + Nal, ' ' 1500 ]
o 1500 - (BkeV-260keV) o ~° o 8 keV — 260 keV Fooo} [ 33000
5 i Tl ® 3 s00p 1
2 1000 [ ® 3 —2000
c !
=
S s00F > " J1000
0k ¥ 0
L o — : ;c : ; =]
o B vir i i i 260 keV —5 MeVisaoj o pd, i B
o 400 [-(260 keV-5 MeV) ! ! 7 b I -
5 1Y fu 120 ¥
] ! : , AN s
S 200 ! ; N L (L
8 5 Tim. -smce trigger (s -
0 : 0
[ i i ]
= ! — ’
E LAT i i -
c 300 [~ (no selection) : : LAT raw i gl
) : I ﬁ ]
@ 200F i i —400
3 3 ' P
S 100F i i —200
o; i ; o
= 1 N N N L L e L a I
H I 1 1 T T I ) i i -
[ LAT N FE ig 10 ; P
. [ (>100mev) | ! ! LAT > 100 MeV '3 . ~ L 15
— I ! 5 K ¢ | - 4
Kel [ ! 1 13 P, g [
g st A '8 L e p?;Ll—r}‘”/? i J10
€ | i i G LT 10 i5 i 7
[ | . h . F—
8 L i ; i Time sigce trigger (s) i s
B 1 1 1 u (-
r i i u P
o ; : L L L N L u L n 0
F LY S T o 1'5 LI S
3 [ LAT I i ig 1 — g i -6
£ fp1eey 1 1 | LAT>1GeV i3 1 | B B
2 of . Eosl 1 [ H -
c + T 1 1 1 © ! i 5 ]
b R . 'S : . e
3 b T, R : s |
o E 0 i i J‘ | | I i Time since trigger (s) H—
DES\“ M; ; ) L I. ) Clandina Cacehi .: 0
2 A~ R A" | LIA>A 1 20& I 40 60 \Jluu\alabd vvvvvvv 100

Time since trigger (s)

GRB080916C

[Paper submitted, in review]

Counts/sec Counts/sec Counts/sec

Counts/sec

Counts/sec

* The first low-energy peak
is not observed at LAT
energies

e 14 events above 1 GeV

e The bulk of the emission of
the 2"d peak is moving
toward later times as the
energy increases

e Clear signature of
spectral evolution

* new era of GeV GRB
lightcurves!

GROND optical follow up

[GCN 8257, 8272]

Faint (21.7 mag at T +32h)

and fading (T,+3.3d) source

RA =119.8472°,

Dec = -56.6383" (*0.5” at 68% C.L.)

Photometric redshift of z=4.2 +/- 0.3



Perugia

Monitor) including 8 LAT detection

High Energy GRB’ observation:
- evidence for a delay between KeV-MeV emission and
>100MeV emission
- all spectra consistent with a Band function
- first >GeV observation from a short burst
- most energetic burst with a measured red shift

- evidence of a temporally extended GeV emission, up to 23
min

-> Derived considerations:
* narrow collimated relativistic jet
» KeV-GeV spectrum and variability: unique mechanism,
same emission region
* leptonic or hadronic origin?
= best constraint ever on [ (> 600 - 900) and Mg (1.50e18
GeV/c?2 ~ 0.1 M;,,,.ci)

Istituto Nazionale
di Fisica Nucleare
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o EGRET: diffuse emission from theC -

o Space Telescope
Galaxy
GeV Excess

galdef ID 44_500180

- 107 0.25<|<59.75 , 300.25<|<359.75

g E -0.75<b<-0.25, 0.25<b<9.75

oo L | Diffuse emission model:

P "

S ‘ | - Locally measured CR spectrum
ﬁ 10&__ - - =

s F « Observed distribution of

=of interstellar matter + light

w

« Theoretical/lexperimental cross
sections for relevant

10° interactions

Adding this component it is
posssible to calculate energy

10'4 11 |||||1| | ||1|11112 | |1||||1|3 11 ||1||||4 11 llllllls L1111 . Spectrum of gamma-ray intensity
1 10 10 10 10 10 10
energy, MeV

Credit: Strong, Moskalenko & Reimer 2004




p o Pemgia/')
gaizgj;effuse emission: nailing the EGRET -
v “GeV "
eV excess

“- T I I T T™TT T ] ] T T 7T7T

0° <1< 360° 10° < |b| < 20°

" R,

T T 171

’—;— s il Galprop conventional
r C e LAT
3 — Model (7" 4+ IC + Brem) + EG + inst
[ 10— L L P T T S 1 PR S
10~ 10° 10
. Spectra shown for mid-latitude range G B, (MeV)
confirmed.
. Sources are not subtracted but are a minor component.
. LAT errors are dominated by systematic uncertainties and are currently estimated to
be ~10% this is preliminary.
. EGRET data is prepared as in Strong, et al. 2004 with a 15% systematic error
assumed to dominate (Esposito, et al. 1999).
. EG + instrumental is assumed to be isotropic and determined from fitting the data at |

b2 105
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7~Gamma-ray loud Blazar: EGRET Era

Although blazars are only a few per cent of the

overall AGN population, they dominate the

Ld
high-energy sky
3cdb4
140 T T
T
St
g
<
= 100 |
i
£ |
x 80
- v
. AR
— 40
A
a
E‘, 20 |
=
?991 19:.)‘2 19;)3 1‘)1.)4 19:)5

Year

1633+382

Cygnus Region

PSR 1951+32

0235+164

3C454.3

EGRET

Skymap E > 100 MeV
Phase 1 -4

1606+106 1510-089 3C273
1622-253 1406-076

3C279

0827+243

PSR1055-52

Geminga

Crab

0528+134

0446+112
Orion Region

Vela
LmC
0208-512 0537-441

2230+114 PSR 1706-44

The Energetic Gamma Ray Experiment Telescope (EGRET) onboard
the Compton Gamma Ray Observatory (CGRO) discovered about 70
(34 Catalog, Hartman et al 1999; >100 Sowards-Emmerd et al.

2003,2004) blazars emitting gamma-rays

DESY Seminar June 9th-10th 2009

Claudia Cecchi
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- EXtragalactic sources: Blazars ==

Space Telescope
v

® Narrow Line Almost all galaxies contain a massive black
Region hole
0 = -
Broad Line -99% of them is (almost) silent (e.g. our
Region Ga|axy)

| -1% per cent is active (mostly radio-quiet
skl AGNs): BH+disk: most of the emission in the
UV-X-ray band

0.1% is radio loud: jets mostly visible in the

Obscuring .
Torus radio

Blazar characteristics
- Compact radio core, flat or inverted spectrum
- Extreme variability (amplitude and t) at all frequencies
- High optical and radio polarization
FSRQs: bright broad (1000-10000 km/s) emission lines often evidences for
the “blue bump” (acc. disc)
BL Lac: weak (EW<5 A) emission lines no signatures of accretion
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Gamma ray - At
S aceTeesco e
/ T Blazars: Fermi LAT
UdPopulation Studies
E, [eV
107°107107°1072107" 10° 10" 10? 1c7)3 1[0‘ 1]05 10% 107 10® 10° 10" 10" 10" 10"

Daily sampled LC can be easily S
obtained for most of the bright 10E
blazars -> Variability on timescales e
>= 1 day can be well investigated. A 12:”

To _132_ TE
Qintra-day (hours) variations can be |g -uz $3C 200k 0 50
detected for the brightest gamma- |~ -¢ C
ray blazars. g -0f !x .

21 ":' ﬁ ﬁ 10 i

3 6%
O  Detailed spectral variation | -2& ﬁt W
analysis and intrabands delays -13EAs AW Com (8L blozan) N

: ¥ epKs 2155- 304(HBL iczor) o8
studies may be performed i O L S R OIS S S
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Log, v [Hz]

O Multiepoch SEDs can be obtained.
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How are jets made by accreting black
holes?

How and where are jets accelerated (why
they have high Lorentz factors)?

How are jets focused to opening angles
less than a few degrees?

How do shocks, turbulence, instabilities,
jet bending and precession arise?

What is the jet matter content (electron-
proton vs. pair plasmas)?

How are the relativistic electrons
accelerated?

Which is the jet emission mechanism ?
How and where jets emit gamma-ray ?

What are the mechanisms producing
blazar variability?

Which is the blazar duty-cycle?
Etc...

Claudia Cecchi

Open questions about Blazars

Jet axis

Line of
sight to

Ambient Proton-induced

photon or Shock cascade
synchrotron '

photon

Inverse-Compton
scattering

Fermi-LAT is starting to give an answer to most of these questions
DESY Seminar June 9th-10th 2009
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g S Totacns Vital statistics

« 205 “bright source list”
132 sources with >100 detection and |b| > 10°

— 7 are pulsars or pulsar candidates

— 111 of the remaining 125 are associated with
bright, flat-spectrum radio sources (89%)

« 98/111 have optical classifications (88%)
* 89/111 have measured redshifts (80%)

— Much higher association rate than for 3EG (~60%)

DESY Seminar June 9th-10th 2009 Claudia Cecchi



The LAT Sky, August -
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The LAT Sky, August -
Octolzoer

FSRQ
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The LAT Sky, August -
Octolz.er

FSRQ BL Lac
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The LAT Sky, August -
Octolz.er

FSRQ BL Lac Other AGN
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- Opectral Index distribution L ==

Space Telescope
' P p

15 T T T T I T T T 5N 0T T T T T
BLL
— FSRQ
- == [Unknown
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o
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1
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Photon spectral index T’
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Number of sources
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0 1 2 3
Redshift z
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_ «..Flaring and variability of Gamma-_ -
Ray Blazars
In survey mode, the LAT would detect a flaring source from any point
in the sky at any time.
C T T " T
- 3C ElO =3
Detailed studies require many photons, . Rl (flare) Qo
are only possible for flaring sources. Q"E [ O 1996/ (pre-flare) f,"'\ |
o) . A 1996 (flare) -
Correlated variability across different % °[ *"3_ //’4 o\ \|-
bands is tell-taling, providing rich £ \ ;
mformatlor\ on: _ ‘ il / \
- acceleration/cooling ey
- emission processes (EC/SSC) 2
Target-of-opportunity proposals have e
been submitted (Chandra, Suzaku, 6 e D
Spitzer, RXTE, Swift...). Log v [Hz]
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_<The very first week: Aug 3 - Aug 16~

Aug. 03. 2008 : First day: a possible discovery (detection of quiet-Sun on daily basis ?)

ASP run daily_0040
Time(UTC): Aug/032008 00.00,00 — Aug 042008 00000 ASPJ085451+173541 ( Sun ?)
DOY(2008): 216 30:00:00.0

NEW

SPJ085451+173541 ]
PG 1553+11 he SUN ? 25:00:00.0
NEW
ASPJ090646-183625 ? .
O S 20:00:00.0 8
ASPUISSIN. opy13stop Genirga = :
TR i e A bl " ST, Wi £ :
Westes S PERBTt44 o b e S 15:00:00.0
7 Crab a P

3C B6A BL s 10:00:00.0 §

5:00:00.0 §

©
AO 0235+164
T 30:00.0 _ 9:00:00.0  30:00.0  8:00:00.0
Right ascension

Aug. 06. 2008 : a new gamma-ray emitting and flaring blazar (PKS 1502+106, (OR 103)).

PKS 1502+106 (OR 103) DiffEvtCI

3EG J1835+5918

e Maﬁw”w’

. y
Kookabun'a o ¥
Crab

Geminga
°

Declination

NEW?
ASPJ054839-025506

O]
(0] PKS 0454-234

NE!
PKS 2155-152
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e 3C454.3 with LA oo
| v4 R R I B A I A B I I =t
Vital statistics: - ]
w O —
* Well-known radio source, qg - { -
identified with an OVV quasar at z = 0.859 s °F =
* Good VLBI data, superluminal ° b { H{ =
expansion, d = 25, G, ~15, q ~ 0.8° s F } { .
* Detected by EGRET, AGILE 5 o ! =
* Very active (bright, rapidly variable) since 2000 A E # } ]
PR { }]} g ; =
RS ! t s IR R I =
= oY {{ i b b o
- L (I X trit gty
15 ! datta, b sy g ﬁﬁ?
— Q4650 54660 54670 54680 546%0 54700 54710 54720 54730 5470
10‘9§ August 07/12, 2008 z MJD
§ \ | *3C454,3 has been clearly detected in the early
_op ] Fermi LAT data, and showed rapid flares, with
E : 3 the risetime on a scale of ~3 days
B ou - ! *Such rapid variability by itself implies a very
s ‘ | compact emission region which would be
el . - Ersoon o0/ RABm | optically thick to the escape of y-rays via e+/e-
: R s 200 Mev ] pair production
W e Problem is avoided via invoking relativistic
LA motion with Doppler factor d > 6 — consistent

with the VLBI-measured jet geometry
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*The quallty of Fermi LAT data is good 10°

enough to measure departures from simple
spectral forms: 3C454.3 LAT spectrum is
not a simple power law it
* It steepens to higher energy — can be
described as a broken power law with a
break, I'y ~2.3toI',~3.5atE,, ~2 GeV

* Broken power law isn’t unique description

-2
v F, (erg cm™s)
o

PRELIMINARY -

*Origin of the break?

10™

It is not a simple “cooling break” (expected Aa. = 0. 5) "k (Mev)
Instead, it can be either due to absorption on “local photons™ due to the
accretion disk, or a signature of intrinsic break in the electron distribution
*First explanation is possible but, given the X-ray emission from the accretion
disk — somewhat unlikely

*Broken power law of the electron distribution is a better explanation: that
would indicate the break at y,, ~ 1000

*There, the cooling time scales are quite short, much shorter than the source
crossing time, and imply distributed acceleration throughout the jet volume
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S+ PKS 15024106

Space Telescope
' P P

L4 Another example: RA=226.10409, DEC=10.49422, MJD=53850, Plate=1718, Fiber=303
PKS 1502+106 (aka S T T TR T
OR 103)' at Z=1.84 (SDSS) Hell elll Mgl
¢  Extremely rapid flare, . 3C 4543
possibly the highest Eol M, ] DOY 218 (Aug.05)

0

insert in the light curve)

AL/At detected to date D PKS 1502+106
in the GeV band (see ENIEEE B 3 ]

e Allows us to provide " ?/Oim fgjz]. o -

the independent measure

of the Doppler factor 3C 4543

DOY 219 (Aug.06)
MJD {days]
54680 54700 54720 54740 54760 54780 54800 54820
" AFE — 7t - - - T - - - T - T T T T T T T T T T
|E é :: + 12—-hours bds é
gsg—ﬂ e, 13
S E | LA =
u'; 23— 216 218 220 222 224 226 22 _f
=°E ¢ R + oty E
s E K ffomhity 3
S by b : bbb e M ORI
s Ef *++++++ 4 LA T ;
g +++++++ +++ ++++ uh 1.4 R
N Fipg o T S
= 220 240 260 280 300 320 340
Day of year 2008 [days]




“ﬁ’éV—TeV connection: PKS 2155+30

| 4
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pace Telescope

Spectral -

VHE: ~0.2 Crab, I, , =~ 2.5

HE: I',=1.61+0.16, I',=1.96+0.08,
E,=1.0+0.3 GeV

X-ray: I',=2.36+0.01, I',=2.67+0.01,
E,=4.420.5 keV

SSC Model parameters (3-component
power-law):

p,=1.3, p,=3.2, p,=4.3 where dn/
de x gP

break energies: €,=7.4GeV,
€,=120GeV

R=1.5X10cm, 6=32, B=0.02G

E2dN/dE [ erg cm? s ]

10—12

10"

10-14

|||||||||||||||||
nnnnnnnnnnnnnn

% IIIII'ITI] IIIIII'I]] II]II'ITI] II]I|'|'|T| IIII|'|'|T| IIIIII'I]] IIIIIITI] IIIII'ITI] I]IIITITI IIIIIITI] IIIIIITI'I IIIII'ITI] IIIII'IT[] IIIII'IT]] IIIIIIT[] Illllﬂ]
= T =
- /’ \ -
Ny . N
7 ey
-~ AR
- '.. \. N
o .
_Ll_LIJIIIILLLIIIIIIILIJ] II]ILLLI] I‘wlll lrbl‘ IIIIILI]] IIIIILLI]IIIILLLI]I]IILLIJJIIIII[LI] ILIJJILLLI]ILLIJJILLLI]ILHJ\LLLU
10%10710°10°10*10°10210" 1 10 10% 10* 10* 10° 10° 107 10°
E [MeV]

« X-rays are produced by highest energy electrons, € > ¢,
* HE and VHE are produced by electrons with ¢, <e <eg,
=> X-rays can vary (mostly) independently of VHE emission (cf. July 2006 flare)
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Space Telescope
v

dd y | / / N Al ( ) d0
—_— = — L) allw) ddl
db~ 4w AQ Jlos P o

' & N ’ S
7

"1\” ",llfl(,')(( S

(&)

Gan)yma ray Ilnes “smoklng gun” signal, but loop suppressed

_w‘ II’ T T mrrrT T T T rTrrrr T T T ‘-"|' T T T ""[ T T j
s E b} 3 3
ex "GeV excess” ;
,’W‘N o 10 . 4

:5 . o EGRET data :.
;i ‘— 10 s P_ ) / Nb=182 102! q
! . < 0 o N,=8.5110* |
a'. “ ; "'. :j Sk » Typical Ny valu.es: ' :
-' * f ! - " 'DM contribution Mo & 20100 |3

Moore: Ny = 9 10°

10k Isotermal: Ny =310 |

IE |

v v Y. =0 .

A UX A A 10"k Annihilation channel W*W '

; ~ G nihilation channe i E
'7 X Mccnm.r ’) s My =80.3 GeV .AF Bkgi
% -”;'J‘ d -.".. / 10k \_\ ]

Gamma

N
A '?\_ \\ '-... -;_,- 10 N — ---------- background model(Galprop) ,‘ 1,
AW ) q - 4 wf = WIMP annihilation (DarkSusy) i
, . 10k Total Contribution

1nE ~2 degrees around the galactic center
Vore s ~{) 10

. >-, . 2 bt -I a A A Aenlededal A = . Aendecdld k - - S .\
10 10 / 10 10
Continuum spectra\ rero (GeV)
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“"How Fermi can help to cllsentangle,,,,:N

“Serml

s, the Dark Matter Puzzie?

Galactic center:
Good Statistics but source
Satellites: confusion/diffuse background

Low background and good source id, Milky Way halo:
but low statistics, astrophysical background Large statistics but diffuse background

Spectral lines: All-sky map of DM gamma ray emission (Baltz 2006)

No astrophysical uncertainties,
good source id, but low statistics

Extra-galactic:

Large statistics, but astrophysics, galactic
diffuse background

= Uncertainties in the underlying particle physics model and DM distribution affect all analyses
Pre-launch sensitivities published in Baltz et al., 2008, JCAP 0807:013 [astro-ph/0806.2911]
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- Select a region of 0.5deg around the GC, assume NFW profile and consider

one WIMP annihilation channel at the time.

- Remove astrophysical sources (based on spectral analysis, multiwavelength
observations. Difficult, their behaviour at these energies needs to be
determined) in the region and perform x?2 test to disentangle dark matter

contribution from diffuse background.

10° 8
=y above 3 o EGRET observation
L Ey > 1 GeV
E
S ol 9years
= .
Z operation £
; amsnssnanpfus ..;deleclab'lebyGLAS-T_
v ( conventional and optimized

GALPROP models assumptions)

10° - i
F = detectable by GLAST
: ( only for the conventional
GALPROP model assumption)

Not detectable by GLAST

a) channel bb at 3 o , NFW profile

1

10"

10' 10° o
DESY Seminar June 9th-10th ,&912’9 (GeVicd)

v vield per annihilation

Claudia Cecchi
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102 t-thar 1
b - bbar 3

W-W -

10 =
| — =
«1 7]
10 o
10 E:
3 -
10 = ——
a E | i
10 secondary T component =
(arbitrany rescaled) ]

.3 =
10 —
& -
1 - e
. Cesarini et al, 2004 3
l"" 1 lllllll 1 L1l Il 1 Liairs L1 | llll Lo

9 -1 5 3
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C____T...

Electron + Positron flux

Fermi covers electron energy measurement 20GeV

E*J(E) (GeV'm™s'sr™)

100

Perugia

— 1000 GeV

I

—

Ee {GeV)

O AMS (2002)
~  m ATIC-1,2 (2008) % Tang et al (1984) i
% PPB-BETS (2008) / Kobayashi (1999) f
v HESS (2008) J+ HEAT (2001)
_ @ FERMI (2009) & BETS (2001) + 5% -
AE/E=" 10%
) P 1 Fermi paper
|
! 5 5.3 rccepted to PRL
A-UEY
e ¥
S
P _ )
: T ¥ i -
— — — . diffusive model based on prg—Fermi data .
1 A ) - l 1 1 A I - 4' 1 1 1 AL l
10 100 1000
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BWj-\c:ldmg candidate pulsars within ww
I s 1 Kpc

T  § T & & T 1 ‘[ T T T T I | B I
| ¢ HEAT (2001) arXiv:0905.0636
A BETS (2001) | 2
O AMS=01 (2002)
@ ATIC—-1,2 (2008) !
« PPB—-BETS (2008)
—~ v HESS (2008)
'*L L @ FERMI (2009) il
P 3
r‘_(l) HB#
Nm 01} ;E"_I‘(‘.‘_\
' 2 7 ¥y
€ 10° 5 / <3
N ) < / )
> | = /f » EE\_
o /& . . - : N
O - / ~ Fermi data are nicely reproduced, e
" - 3/ assuming for each pulsar a 40% efficiency ~ 4 -
S~ / . . - .
L -/ In converting spin-down energy into -
~— %/ :
= 2 & electrons and positrons )|
L /’ - _ |
i Pulsars are modeled as point-like, bursting ‘ » Monogem
sources, with a power-law injection
spectrum (index=1.7) with exponential
, cutoff at 1 TeV » Geminga
1 O i i | | 1 S - | 1 1 1 1 1 L4 1A l 1 1 | L1l Rl l
1 2 3
10 10 10
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Gamma-ray
p

¥ ““Férmi telescope is off to a great start!
Instruments are working very well, gamma ray sky is
showing itself in its beautiful composition

Already addressing many important questions from
EGRET era:

EGRET GeV excess excluded

Many variable sources discovered

Many pulsars discovered

Challenge of great discovery potential

November 2-5 2009 Second Fermi Symposium in
Washington DC

Gamma-ray data are very fascinating join the fun!




