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A combination of wide field of view and
survey mode enabled Fermi to explore
the high energy gamma-ray sky on
timescales from milliseconds to years
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Blazar 3C 454.3’s Record Flare

' Vela pulsar
RTINS T | ..u
3C 454.3

®

December 2, 2009

Vela pulsar
3C 4543

O

November 3, 2009

Automated search for flaring
sources on 6 hour, 1 day and 1
week timescales.

— LAT scientists perform follow-up
analyses, produce ATels, and

propose ToOs
>100 Astronomers Telegrams

— Discovery of new gamma-ray
blazars

— Flares from known gamma-ray
blazars

— Galactic plane transients



Active galaxies

- Power comes from
material falling
toward a
supermassive
black hole

+ Some of this =
energy fuels ajet ™

» Multiwavelength
observations of
blazar variability
provides key
information on the
nature of the jets
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/““”'”’ PKS 1830-211 - A Gravitational Lens

lo—5 PKS1830-211 (Fermi-LAT)

1.0

« Radio Lens PKS
1830-211

— Radio images
separated by 0.98”

— Should expect to see
pairs of flares (one
from each image)
separated by ~25 days,
based on previous
radio observations.
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« We didn’ t see a second bright flare with Fermi-LAT
— Gamma-ray source not associated with radio source?

— Beaming effects in PKS 1830-211 (narrower or different beaming
angle for radio and gamma-ray emission)?

— Structure/micro lensing in lens galaxy?



Gamma-ray binaries

LST 5039
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: . ] Apastron
- Orbital parameters: (phase 0.73)
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<™ The Peculiar Behaviour of LSI +61 303

>_<'19'6Periastron Apastron Periastron Apastron
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Fermi NEW, after flux change Phase

* In March 2009, the GeV gamma-ray flux increased by ~40%, and the
gamma-ray orbital modulation decreased significantly

— Related to cyclical modulations of the mass-loss rate of the
companion star?



March 2010 - a Galactic plane transient

(>100 MeV) (>100 MeV)

V407 Cyg V407 Cyg

hY o hY

5 degrees 5 degrees

When the LAT team looked at the Swift webpage to request X-ray observations, we
noticed that Swift was already looking at this location!



o crml V407 Cygni: a variable star

PITLA
o T elescops

Symbiotic binary:
small white dwarf star and large

red giant star orbiting each other

closelx .
Near Deneb in Cygnus

2 /0 o =X
. NGC7000..." o 5/
_ . 'S .Deneb i Yo ) ) \ .
~& 3 '950?0\/_-.. ST CN Variability can come from the
LS ;. "@véga _  binary motion, pulsations of the
g /\ N ’I " red giant, accretion disk of
A . R _,l.@,ﬁ : . stellar material around the white
- NGC;)/ Necegeo SN, 7 T%mst. . dwarf - complex and fascinating
TNECE9% P L e S .. systems
“\ w les V407 Cyg ~ 6000 light years
: ..—--—'"“ A o away
omM27 - - \ S NN
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«=ami Crab Nebula - “reference source” in High

o/ ST Energy Astrophysics
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 Broad energy coverage of LAT enables overlap with TeV
observations for bright sources.
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Public Crab Gamma-Ray Lightcurve

/ )

Shockingly bright flares in
Sept 2010 and April 2011.

Rapid identification of
flares by LAT team
enabled Chandra and HST
TOO observations in Sept,
and sequence of Chandra
observations in Sept
(target visibility issues for
HST)

Rapid (hourscale)
variability of PeV electrons
poses severe challenges
for acceleration
mechanisms

FLUX_100_300000

Source = Crab Pulsar Duration = 86400.0
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=ermi  Neanwhile at Soft Gamma-ray Energies....
/ Spece Telsscope

GBM Observations of the
Crab

— Normalized to long-term
average in each band

— Decline in Crab flux (MJD
54690-55390)

— No changes in GBM
response or calibration

Wilson-Hodge et al 2010

Normalized Intensity
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93000 55200
Time (MJD)
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72 Also seen by INTEGRAL, SWIFT and RXTE

1.04;— ; A " “ % '

Light curves  '92F ;’h"?o Y Agﬁ |

for each Loog oo w;&i . gl Y

instrument 0.98F w‘,, WA PRN s

are oo6fk % M O RXTE 15-50 keV 1

. : ® Swift/BAT 14-50 keV
no!'mallzed 0.94 o F:rmi/ GBM 15-50 :ev
C A INTEGRAL/ISGRI 20-50 keV

to its 0.92 - X INTEGRAL?JEMX2 10-25 iev

average rate  (qof .

from MJD . - ' ' 3

- F| @ Swift/BAT 50-100 keV .

54690-54790 1.02f EIF:rmi/GBM 50-100 keV ¢ -

. 1.00F A INTEGRAL/ISGRI 50-100 keV + % } W 4] 3
0.98F A 4 4 ++++++ ++f+ [htil =
0.96 A Ly M H++ [IJ E
o e b ++ﬂ’ 5
0.94 & A AT I
0.92F ¢ -
0.90E - - : - h :

52000 53000 54000 55000

Instruments on four separate spacecraft show decline
in Crab flux since August 2008.
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e GBM - not just transients

Sca o Telesc g

®00 GBM Pulsar Project o
@ ([} [ http://gammaray.nsstc.nasa.gov/gbm/science/pulsaiy v) = ([Cl( Google Q) 3.5085 ——— . Vela IX-‘I . + '_
Most Visited ~  Getting Started Latest Headlines 3 L + 4 4
m N 5080l 14 ﬂ’«? %@%Jt’m ® %{#’ W%%& &) &0&@ B
GBM Pulsar Project N SO AN (A
3 C %‘%’ ¢ ty ]
g i ¢ to b i
GBM Pulsars GBM Accreting Pulsar Histories g 39275 @’} &f % ]
L - 4
Source N lii (deg) [bii (d L o 1
I ource Yame I ii (deg) I ii (deg) For each source we plot the history of pulse . ¢ ‘t{# # 4
IGX 1+4 194 479 frequency and pulsed flux measured using the 3.5270 ® £ 7]
[Her X-1 [5820 [37.50 Fermi Gamma-Ray Burst Monitor (GBM) Nal £ : ; 5
|Ccp X4 |99.01 |3.31 detectors. For these measurements we use the . E 3
CTIME data which normally has 0.256 s time z = ! PO
lw |77'15 l'1'24 bins, and eight energy channels. Our analysis T~ E 3 o o 7
[V 0332+53 [146.05 [-2.19 normally uses channels 1 (12-25 keV) and —>s - o, ¢ ° ®o 3
[A0535+26 [181.50 |-2.64 (25-55keV). The i forrfmtervals used S E 2E o “;%4, s @ wo 0, o 0 @ w: o 7
T source to source, ranging from one L3 E oo © o o ® oS o & o 3
|M |220'20 -1.76 to four days. For elipsing systems each egress to 3 =< 9 é *° ‘;D 4;“" <>®4%> Qf o % @ «»: o ®%£4> 0% ﬁ% R é
VelaX-T _——126306 [3.90 ingress interval is divide into an integral number & Eo%C ° ° 0oy ° 9o 3
[Swift J0513.4-6547 [275.99 [-34.55 of equal parts, with no measurement made of
[GROT1008-57  [283.00 |-1.80 during the eclipse. The measured frequencies 54700 54800 54900 55000 55100
are barycentered. For sources where the binary Time (MJD)
[A1118-615 [292.50 [-0.90 orbit is known the frequencies are corrected for
|c°n X-3 |292,10 |0,3o the binary motion. The R.M.S. pulsed flux is
i in the energy band that the pulse search
GX 3012 300.10 [-0.04 gven in T8y P
| | | was made. This usually includes only the first
IM I321 79 |'13-09 and second harmonics. These results are
| 4U 1538-52 |327.42 |2.16 preliminary. Please contact Mark Finger for G B M h d -
[0AC 1657415 [344.40 (031 further information. GRB }: ec;\n'; Cl\;e q n’}ra /e hon
Please return to GBM Science or the GLAST Burst Monitor or the Gamma Ray Astrophysics Home Page. 9
g l ilabl
Modification date: 06 Jul, 2009 r‘es u TS ava a e °
Author Valerie Connaughton :

Access this from: http://fermi.gsfc.nasa.gov/ssc/data/access/
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g Gamma-ray Burst Monitor

‘s, ermd

/ Soace Telescopw

GBM is the most prolific detector of Gamma-Ray Bursts and
Terrestrial Gamma-ray Flashes (thunderstorms) currently in
orbit

- B GRBs ™ Particles ®TGFs  SGRs ™ Solar flares * Other
1
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30 = - ] O o l I II-I
: | | i“lll-.lill!'l siegfle
: Ui
0 |
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Number of triggers

Detecting MeV transients from Earth, Sun, Galaxy and

distant Universe 16



Gamma-ray bursts

Huge flux of gamma-rays lasting from 0.1-1000’ s seconds

Compact Mergers: Two neutron Collapsars: A rapidly spinning
stars, or a neutron star and a stellar core collapses and
black hole, collide and merge, produces a supernova, along

producing a jet. with relativistic jets.

17



‘s, ermdif . -
e Fermi detections as of 2011-01-20
. Circles:
530 GBM GRB (since Aug 2008) In Field-of-view of LAT (<70%): 275
27 LAT GRB Out of the FOV
20 (>100 MeV, TS > 16) Squares:

7 LAT LLE-only GRB

11 months Fermi LAT count map

18
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= ermi GRBs and Gravitational Waves
/ Soace Telescon

Fermi-GBM and Advanced LIGO (>2015) should see
coincident Gravitational wave/Electromagnetic emission or
rule out NS-BH mergers as the progenitors of short GRB

Large rate of short bursts
in GBM is key to
coincident detections

GBM Short GRBs in ALIGO
horizon:

N(z<0.11, NS-NS) ~ 2*7yr
N(z<0.22, NS-BH) ~ 8+§yr?

 Both observations bring complementary information: ALIGO — inspiral

characteristics ; Fermi — jet properties & environment
19



Toomt GeV GRB Properties

GeV Afterglow with Powerlaw

Delayed onset of prompt R
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Remarkably, these features are seen in most bright LAT- de‘l‘ected GRB!
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7227 The Sun is waking up! June 12 2010

/ Soace Telescops
* Nuclear de-excitation T
lines 2 ]
T . G 4l i
« 512 e+/e- annihilation line e
« 2.2 Neutron capture line g 10°F I
o) Lo e 1
- Electron spectrum g 10°r ‘“ﬁ%
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e The Sun is waking up! March 2012

>

LAT sees long lasting March 6, 2012
emission
— Associated with one or
more impulsive episode in e
X-rays GalachelgTe
Impulsive flare events

— Seen in LLE data
(Ackermann et al. 2012 Hareh S0
2012Apd...745..144A)

— Hard X-ray pile up in ACD
causes suppression of the
standard LAT event rate
(after classification of
gamma-rays)

Vela Pulsar
/ .
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* Terrestrial Gamma-ray Flashes (TGFs)
are short ( ~ms) bursts associated
with lightning and thunderstorms

— GBM discovered that for a subset of TGFs
the observed signal is due to electrons and
positrons directly hitting the detectors

electrons +
positrons
annthilation

103.0 -

102.0 |

Count Rate (s~' keV™")

10-3.0!

101.0 4

10".0_;

L

3 Bt 3
10-2.0‘! &w

1 091214 +50 | {E;:

Positrons from Thunderstorms

TGF Spectra

2y T 080807 x50

1" 090813

T

10740

1000 10000
Energy (keV)
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‘s ermi
Garema<ay

Questions?
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_Jz2m  Spectral Changes Observed by LAT

Huge flares
extending to
high energies
challenge shock
acceleration
models.
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GRB090902B - Autonomous repoint

s
« LAT pointing in celestial coordinates from -120 s to 2000 s

— Dark region = occulted by Earth (6z>113°)
— Blue line = LAT FoV (¥66°), White points = LAT events

GREBOSQ90ZB
Fermi LAT
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“>ermi Quasar PKS 1510-089: Repeated Outbursts

/ S

As we observe longer with Fermi, etc.: look for repeated patterns

- Discern between transient phenomena and effects caused by long-
lived structure in the jet

Vel Pksisio-089 ' 4 1  Rotation of the magnetic field
Suf 017000 GV . Y4 1 direction (observed via optical
So0f ! 3 ; 4 "ﬁg 1 polarization) occurred during y-ray
2 E @ e e ?fl.'".". “i't . 1 outburst in 2009 just before new
5f  R-Band Optical "+ 1 superluminal knot appeared.
3°F ty o 7  >As predicted by jet formation
tE -'if';., 1 theories
; :.. PP %N, . . "‘0 a.o" k ?
D ; ;‘T: Tt ——f—+— 4] — : . . . .
¢ oo OPHical Pol (R-band. eNositer) 7§ Similar behavior seen in some other
N 4 1 blazars
520 F s i )
N : J ;4: %ﬁ i - Random meanderings of magnetic
£ ngwlul e ﬁﬁ%%t _, - field direction or predicted underlying
_ 300;— Optical Pol. (¢R—band, © No filter) w f —; Sfr‘uctur'e Of The je'r?
20200:;++ P ; E
ool #ﬁt g ‘f 3 = Continued observations with Fermi
Lt . di. 1 etal. will answer this
2008.6 2008.8 2009 2009.2 2009.4

Year
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o
: 300 MeV < E < 1 GeV
o
o
o
0
o

Aug. 2008 - Sept. 2010 Feb. 2009 flare Sept. 2010 flare

Counts
- WhOoO O

QO OOO0 0O

Crab Nebula

\ Crab Nebula

Geminga

¢ /

Crab Pulsar & Nebula

25 months
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~“Gamma-ray, Optical, and X-ray Light Curves

Approximate time order
is optical first, next
gamma, and finally X-
ray

Gamma-rays begin
later in day of optical
detection

X-ray peaks ~30 d after
optical and y-ray
brightening

Rate (10°s™) Optical (mag) F (107cm’s’)
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