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Fermi

launched || June, 2008

® Obijectives:

Explore the most extreme environments in the
Universe, where nature harnesses energies far beyond
anything possible on Earth.

Search for signs of new laws of physics and what
composes the mysterious Dark Matter.

Explain how black holes accelerate immense jets of
material to nearly light speed.

Help crack the mysteries of the stupendously powerful
explosions known as gamma-ray bursts.

Answer long-standing questions across a broad range of
topics, including solar flares, pulsars and the origin of
COsmiC ra)’S. Partikeldagarna, 27 Nov 2012



Fermi instruments

sensitive to 20 MeV - >300
GeV Y-rays

LAT | ¢ 74 < FoV, scans entire sky

every 2 orbits (3 h) | RN
sensitive to 8 keV - 40 MeV | [iEiey" S

GBM . .
views entire unocculted sk
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® Precision Si-strip tracker - measures the photon direction

® Hodoscopic Csl Calorimeter - measures the energy, images the shower
® Segmented Anticoincidence detector - rejects background

® Electronics system with flexible robust hardware trigger and software
filters ¥
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Fermi in Sweden -

® Focus on dark matter, gamma-ray bursts,
active galactic nuclei, and pulsars

® Compact objects and GRB: F. Ryde, M.
Jackson, E. Moretti, T. Nymark, M. Axelsson,
C. Lundstrom, J. Larsson, S. Larsson, S. lyyani

® Dark Matter: B.Anderson, P. Carlson, |.
Conrad, L. Bergstrom, J. Edsjo, S. Carius, G.
A Martinez, M. Llena-Garde, S. Zimmer
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What has Fermi found: The LAT two-year catalog

-\'=,“‘. i !
‘\}mmﬂ' Supernova
remnants Globular clusters,

\\\\\\\\\\i\\\\\\\\\\\\\\\\\\‘ | Pu(l;/ars 4% high-mass binaries,

° \ / normal galaxies
and more
Non-blazar \

active galaxies 1%
1% N\
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Credit: NASA/Goddard Space Flight Center
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Cosmic Fog "=

Y-rays from blazars interact with photons

from starlight and disappear from the Y-ray
background

Fermi sees less light coming from distant
blazars than expected from observations of
close blazars

Fermi can be used as a probe of past star
formation

Partikeldagarna, 27 Nov 2012
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Cosmic Microwave Background forms

First stars form Universe is 380,000 years old

400 million years
Blazar

Peak of star formation
3 billion years

8.6 to 11.2 billion years

S
11.2to 13.7 billion years

Now: 13.7 billion years
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® March 7,2012, Fermi detects highest
energy light ever seen from the sun

Milky Way plane

*
Vela pulsar

/0
@S5 ermil

Gamma-ray

Space Telescope
v

Partikeldagarna, 27 Nov 2012



&

A
g; KTHS ix% C‘)éaﬁ ./ Cteqy

VETENSKAP

F9 OCH KONST 9% e Nl e
S Pulsars

® Fermi observations show that in globular clusters, formation
of anomalous high magnetic field millisecond pulsars is
comparable to that of normal MSPs (Science 334, 1107 2011)

-5

Galactic latitude (deg)
Galactic latitude (deg)

-
o

5 0
Galactic longitude (deg) Galactic longitude (deg)

unts/pixel unts/pixel

. 0.2 0.4 0.8 1.4 1.8
e 2nd Fermi pulsar catalog nearly ready for submission!
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Gamma-ray bursts«=

ANATOMY OF A BURST

When a black hole forms from a collapsed stellar core, it
generates an explosive flash called a y-ray burst. Contrary
to earlier thinking, evidence now suggests that the glowing
fireball produces more y-rays than do the shock waves

from the blast.

1 FIREBALL

IS OPAQUE
Electron-photon
interactions
prevent light
from escaping.

Synchrotron

radiation

Thermal
radiation

2 FIREBALL IS
TRANSPARENT
Thermal radiation
includes y-rays
emitted by high-
temperature plasma.

3 SHOCK WAVES
ACCELERATE ELECTRONS
y-rays are emitted by
accelerated electrons and
boosted to high energies
through scattering.

C“Jé'.a.h:

Afterglow

4 ELECTRONS HIT
INTERSTELLAR
MEDIUM

They rapidly decelerate,
emitting optical light
and X-rays.

Partikeldagarna, 27 Nov 2012
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LAT GRBs
In Field—of—view of LAI
Out of Field—of—view of LAT

AT FoV

~20 GRBs/month seen by GBM
~1/30 of GBM bursts seen by LAT Q-

GBM: 8 keV - 40 MeV
LAT: 20 MeV- 300 GeV
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GRB observations by Fermi

Several spectral S
§ Band
shapes observed! 3
| /GRB080916C i " Apicicl
[ Abdoetal. (2009) Band” crisis!
T l'//\\' T y T "_:T:A - L rk"""‘v) L Times: 11.008 - 11.3825
/Band v e :
: +cutoff - b el § T o X
T | 3 = ]
: GR8090926A \ § 1000 NAIC1T 1w ’_'_’__’______,_.-————"”_‘
Ackermann et al. (2011) ] & N4 TI* . GRB090902B
v . , 1 N IIUJ[ - L Paper 1. 1|
4 ,E——_‘ i r“ !‘ﬁ :W\[Hj”‘i' i o ; E 100 ’ \\‘ 3 H gz 1 ',4’1.{‘ i ,.+ 1 " 3
E: MR, 1 | GRBI10721AY Sl Ve :
TE (b 1 Ranerlll .. L i — o
'E_ T L= S lll+ £ Energy (keV]
§ é; 4 :"‘Tq’?'imﬁ eyt g b §
:g—ul)‘ 1(‘7’ <l>‘ 1(‘:‘ ,g- Ryde et al- 20 I 0
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Energy (kav}

Axelsson et al. 2012
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@S erml
Gomory Broad energy range!

Space Telescope .
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 Time resolved spectrum (1 1.608-11.880 s)

T— T CGRO BATSE
w0 @= 0.5 +-0.16 ! s ever so1s
;E I dex % R |
'| ________________________ i +++++H++++ H”mﬂ' 'M'M*Hﬂ"wmﬂﬂ“ﬂm
+ . “E [keV] -
10 ——+—+— :":::'I - ——] Ryde (2004)
o §¥+ “ ,l..J.r.“ ................................. :
o ++WW# }]M“MWH {MM i ey E
_610 I 100 1000 - I1I(;c|>oo o Ryde et al. (2010) Zhang et al. (2010)
, Energy (keV)
Clearest detection of photospheric emission in a burst
“s ermi
_ = T Ryde et al. 2010

7 S =750 Rpn = (1.1 £0.3) x 102 Y"* cm
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ANATOMY OF A BURST

When a black hole forms from a collapsed stellar core, it
generates an explosive flash called a y-ray burst. Contrary
to earlier thinking, evidence now suggests that the glowing

fireball produces more y-rays than do the shock waves
from the blast. Synchrotron

radiation

Afterglow

Thermal
radiation

1 FIREBALL 2 FIREBALL IS 3 SHOCK WAVES 4 ELECTRONS HIT
IS OPAQUE TRANSPARENT ACCELERATE ELECTRONS INTERSTELLAR
Electron-photon Thermal radiation y-rays are emitted by MEDIUM
0 interactions includes y-rays accelerated electrons and They rapidly decelerate,
prevent light emitted by high- boosted to high energies emitting optical light
from escaping. temperature plasma. through scattering. and X-rays.
= o
S erml
Gamma-ray
Space Telescope

Partikeldagarna, 27 Nov 2012



&

oS T

FKTHE C‘)Qa.n Kﬂe,u..

%g VETENSKAP Q%
oo onT 7 cenire
s S’

GRB1 1 O721A spectral analxsis

Tmes OO 17003
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Two spectral components statistically required (>50)
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Cosmic blasts powered by a hot glow [
Spectral sensitivity of Fermi satellite reveals physics of gamma-ray generation New light
Eric Hand HOT SPOTS Butatt
team m
08 May 2012 o
- in Gree
Since its launch in 2008, the Fermi space “13 R . L cache ¢
telescope has recorded hundreds of gamma-ray : that we
bursts (GRBs), flashes of light that, for just a few ; 10%- high-re:
seconds or minutes, are the brightest objects in “:
the Universe. And now the telescope is yielding E 10 b i of these
data that is starting to explain the mechanisms & \ Synchrotron emission hump o
that unleash these beam-like jets of light, which 3 '. tell-tale
are thought to emanate from the poles of a o 3 . 3 35 e
spinning star as it collapses to form a black hole Energy (keV) The fiel
and explode In a supemova. A preliminary model for the energy spectrum importa
of gamma-ray burst 120323A, discovered in years, t
March by the Fermi telescope, shows a bump emitting
that is likely to come from thermal emissions _
— casting doubt on a long-held view that Wore di
would h

svnchrotron emissions alone could explain the
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® A combined fit of observations of Milky Way
satellites has set upper limits on the cross
sections for 4 dark matter candldate particles

Upper limits, bb channel Upper limits, Joint Likelihood of 10 dSphs

jon [cm? /s]
ion [cm? /s]

WIMP cross sect
WIMP cross sect

1
WIMP mass [GeV] WIMP mass [GeV]

~® check out Oscar Stal’s ta k at 12:10
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Bubbleemission: Diffuseemission;
Spectrum of diffuse
gamma-ray emission
40°

1 Distance from bubble center

10
Energy (GeV) -
Credit: NASA/DOE/Fermi LAT/D. Finkbeiner et al.
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the Milky VWay

Gamma-ray emissions

\ - B .

- X-ray emissions

3 : - 50,000 Iighf-year‘s‘ S :
‘Milky Way : i,

b, oy POSSIDlE explanations: a relic of a jet or gas
Jseit.  outflow from a burst of star formation

Partikeldagarna, 27 Nov 2012



%;@i@% Fermi and multiwavelength observations of
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M87 - Radiation mechanisms
AIM:  To Understand - Jet physics
- Black hole/Jet connection

OBSERVATIONS:

- Gamma-ray sky maps every 3 hours (Fermi)
- Radio to X-ray monitoring and follow up obs.

Faaliog Jipnam's )
e [ 4 4 [ 4 3 :

>1000 gamma-ray AGNs detected

Space Telescope .
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Gamma-ray Radio Cross correlations
First solid proof of correlated variability
of the gamma-ray (inverse Compton)
and radio (synchrotron) emission

Stacked DCCF: LAT vs. 3mm
T

Spectral changes
Systematic relation between spectral
hardness and flux

T 3 0 ....... Ter—rererererTererrrr—r—r
I PRELIMINARY g -
0.4} .
r 1 28
L Slope = -0.22 +/-003
02 . 26 { | :
g I 5 | ( Y 4 ‘
& 2,6 L S } b
0.0 . | vt { * y ]
-0.2f . ]
L 1 1 20 A A A "
-1000 -500 0 500 1000 75 70 £% 60 55 50
LAG (Days) LOG FLUX
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S Summary

® Fermi is working excellently

® 5 more years of operation
® main Swedish contribution:
® paradigm shift in GRB
® upper limit measurements of DM

® important recent Fermi results: cosmic fog,

gamma ray bubbles, MSP formation in GC
~
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