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We re-evaluate the fluxes of cosmic ray antiprotons, positrons and gamma rays to be expected from the annihilations of relic 
particles in the galactic halo. We stress the importance of observational constraints on the possible halo density of relic particles, 
and specify their annihilation cross sections by the requirement that their cosmological density close the Universe. We use a Monte 
Carlo programme adapted to fit e+e - data to calculate the 15, e + and y spectra for some supersymmetric relic candidates. We find 
significantly smaller ~ fluxes than previously estimated, and conclude that present upper limits on cosmic ray ~ and e + do not 
exclude any range ofsparticle masses. We discuss the prospects for possible future constraints on sparticles from cosmic y rays. 

As t rophys ica l  obse rva t ions  ~1 s t rongly suggest tha t  
galact ic  ha loes  con ta in  dark  m a t t e r  wh ich  has  no t  
d i ss ipa ted  l ike the  c o n v e n t i o n a l  m a t t e r  in the  galac- 
t ic  disc, and  is l ikely to be  n o n - b a r y o n i c  (see, e.g. ref. 
[ 2 ] ). The re  is no  shor tage  o f  p a n i c l e  physics  candi -  
dates  for  this  da rk  mat te r ,  wi th  three  o f  the  m o s t  fa- 

t Address after September 1st, 1988: School of Physics and As- 
tronomy, University of Minnesota, Minneapolis, MN 55455, 
USA. 

2 Address after September 1st, 1988: Department of Physics, 
Columbia University, New York, NY 10027, USA. 

3 Address after September 1st, 1988: Bartol Research Founda- 
tion, University of Delaware, Newark, DE 19716, USA. 

~' Fora recent review, see e.g. ref. [ 1 ]. 

v o u r e d  be ing  mass ive  neut r inos ,  ax ions  and  rel ic  
s u p e r s y m m e t r i c  par t ic les  [ 3,4 ]. E x p e r i m e n t a l  phy-  
sicists are  now dev i s ing  s t rategies  for  de tec t ing  these  
d i f fe ren t  species o f  rel ic  pan ic les .  T h e y  h a v e  been  of- 
fe red  three  possible  s ignatures  o f  heavy  dark  m a t t e r  
p a n i c l e s  ~ such as mass ive  neu t r inos  or  supersym-  
m e t r i c  pan ic les .  These  are  Z sca t ter ing  o f f  nucle i  in 
the  l abora to ry  which  m a y  p roduce  de tec tab le  nuc lea r  
recoi l  energy a n d / o r  ine las t ic  nuc lea r  exc i t a t ion  [ 5 ], 
ann ih i l a t ions  o f  relic p a n i c l e s  ~ t r a pped  in the  Sun 
which  m a y  p roduce  an obse rvab le  f lux o f  h igh  energy 
solar  neu t r i nos  [ 6 ], and  ann ih i l a t ions  o f  relics ~ in 
the  ha lo  which  m a y  p rod uce  de tec tab le  f luxes o f  an-  
t i p ro tons  [7 ], pos i t rons  and  g a m m a  rays [7,8 ]. N e w  
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Launch! 

•  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. 
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A moment later… 
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… and then … 
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… on its way! 
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Prior to Fairing Installation 



The Observatory, Spring 2008 

Gamma-ray Burst Monitor (GBM)  
NaI and BGO Detectors 

8 keV - 40 MeV 

Large AreaTelescope (LAT) 
20 MeV - >300 GeV 

Spacecraft Partner: 
General Dynamics 

             KEY FEATURES 
•  Huge field of view 

– LAT: 20% of the sky at any 
instant; in sky survey mode, 
expose all parts of sky for 
~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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Operating modes 

•  Primary observing mode is Sky 
Survey 
–  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 

•  Pointed observations when appropriate (limited fraction, and selected by 
peer review) with automatic earth avoidance selectable.  Target of Opportunity 
pointing. 
•  Autonomous repoints for onboard GRB detections in any mode. 
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Milky Way – Gamma rays  
from cosmic ray particles 

smashing into  the 
tenuous gas between the 

stars.  DM clumps and 
other signals of new 

physics possible. 

Pulsars – rapidly 
spinning neutron 
stars with 
enormous 
magnetic and 
electric fields 

Blazars - super-
massive black holes 
with huge jets of TeV 
particles and 
radiation pointed at 
us.  Probe 
cosmological 
distances 

!
  

Gamma-ray bursts – 
extreme exploding stars 
or merging black holes 
or neutron stars.   Tools 
for new physics 
searches. 

The Unknown – 
hundreds of 
sources yet 
unassociated 
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Including some highlights from… 
11/18/10 11:34 AMThe 2011 Fermi Symposium

Page 1 of 2http://fermi.gsfc.nasa.gov/science/symposium/2011/

2011 Fermi Symposium

9-12 May 2011
Rome, Italy

Overview

The  2011  Fermi Symposium is  dedicated  to

results  and  prospects for  scientific

exploration of  the Universe  with  the Fermi

Gamma- ray Space Telescope  and  related

studies.  Topics include: blazars  and  other

active galactic  nuclei,  pulsars,  gamma - ray

bursts,  supernova  remnants,  diffuse  gamma

radiation, unidentified  gamma - ray sources,

and  searches  for  dark  matter.  Multi -

wavelength/multi - messenger  contributions

to  these topics  are  welcome.  The  meeting

will  be  held  in  Rome,  Italy.

Program

TBD

Hotel  &  Local  Information

Hotel  Details  and  List

Local  Information

Important Dates:

TBD

Registration Information

TBD

Proceedings

TBD

Organizing Committees

Local  Organizing  Committee

International  Science Organizing

20"
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Non-trivial “Trivia” (circa mid-2011) 

•  ~170 billion LAT event triggers 
•  GBM Triggers: 1194 (654 GRB, 141 TGF, 174 SGR, 56 solar flare) 

•  # Autonomous Repoint Requests (ARR): 58 
•  Highest-z LAT GRB: 4.35 
•  Highest-energy photon from a GRB: 33 GeV (at 82s, z=1.82)  
•  Highest-z LAT AGN: 3.1  
•  Highest-energy photon candidate event: 4 TeV 
•  # Gamma-ray pulsars: >88 

–  # Millisecond Pulsars (MSPs): 31 
–  # Gamma-ray-selected (radio-blind) pulsars: >24 
–  # new radio MSPs due to LAT data: 35 

•  Public data access: >8TB 
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Some Fermi Highlights 
•  Discovery and study of >88 gamma-ray pulsars, >24 of which are seen 

to pulse only in gamma rays.  31 are ms pulsars. 
–  35 new ms radio pulsars discovered thanks to LAT data! 

•  Remarkable high-energy emission from gamma-ray bursts 
–  Starting to see what was missing 
–  Also provides interesting limits on photon velocity dispersion 

•  Very high statistics measurement of the cosmic e+e- flux to 1 TeV 
•  Nailing down the diffuse galactic GeV emission 
•  First Fermi determination of the isotropic diffuse flux 
•  Early searches for Dark Matter signatures in different kinds of sources 
•  Many new results on supermassive black hole systems (AGN), 

including sources never seen in the GeV range 
•  More cosmic accelerators: Galactic X-ray binaries and supernova 

remnants.  Probing the cosmic-ray distributions in other galaxies; LMC 
and SMC. 

•  Extragalactic Background Light constraints 
•  New limits on large extra dimensions 
•  Crab short flares 
•  2nd catalog: 1873 sources 
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5/10/10 2:22 PMFermi LAT Publications

Page 4 of 14http://www-glast.stanford.edu/cgi-bin/pubpub

Abdo, A. A. et al. 2010, Phys. Rev. Lett., 104, 101101  doi: 10.1103/PhysRevLett.104.101101
arXiv: 1002.3603
ADS: 2010PhRvL.104j1101A     BibTeX   Citations
SPIRES

Spectral Properties of Bright Fermi-detected Blazars in the Gamma-ray Band
Abdo, A. A. et al. 2010, ApJ, 710, 1271  doi: 10.1088/0004-637X/710/2/1271
arXiv: 1001.4097
ADS: 2010ApJ...710.1271A     BibTeX   Citations
SPIRES

PKS 1502+106: a new and distant gamma-ray blazar in outburst discovered by the Fermi Large
Area Telescope
Abdo, A. A. et al. 2010, ApJ, 710, 810  doi: 10.1088/0004-637X/710/1/810
arXiv: 0912.4029
ADS: 2010ApJ...710..810A     BibTeX   Citations
SPIRES

Fermi observations of Cassiopeia and Cepheus: diffuse gamma-ray emission in the outer Galaxy
Abdo, A. A. et al. 2010, ApJ, 710, 133  doi: 10.1088/0004-637X/710/1/133
arXiv: 0912.3618
ADS: 2010ApJ...710..133A     BibTeX   Citations
SPIRES

Fermi-LAT discovery of GeV gamma-ray emission from the young Supernova remnant
Cassiopeia A
Abdo, A. A. et al. 2010, ApJL, 710, L92  doi: 10.1088/2041-8205/710/1/L92
arXiv: 1001.1419
ADS: 2010ApJ...710L..92A     BibTeX   Citations
SPIRES

Identification and properties of the photosphere in GRB090902B
Ryde, F. et al. 2010, ApJL, 709, L172  doi: 10.1088/2041-8205/709/2/L172
arXiv: 0911.2025
ADS: 2010ApJ...709L.172R     BibTeX   Citations
SPIRES

Detection of Gamma-Ray Emission from the Starburst Galaxies M82 and NGC 253 with the Large
Area Telescope on Fermi
Abdo, A. A. et al. 2010, ApJL, 709, L152  doi: 10.1088/2041-8205/709/2/L152
arXiv: 0911.5327
ADS: 2010ApJ...709L.152A     BibTeX   Citations
SPIRES

http://www-glast.stanford.edu/cgi-bin/pubpub 

…with many more in the pipeline… plus GBM 
papers..plus many more still using the public data! 

>100 LAT papers out… 
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Fermi LAT collaboration publications
Select a topic: All

Links:

How we classify papers by collaboration members
Independent publications by LAT collaboration members (Category III)
Ph. D. dissertations
Rapid publications: ATel and GCN
Proceedings of the 2009 Fermi Symposium
Pre-launch publications

2010
Gamma-ray Spectral Evolution of NGC 1275 Observed with Fermi LAT
Kataoka, J. et al. 2010, ApJ, 715, 554  doi: 10.1088/0004-637X/715/1/554
arXiv: 1004.2352
ADS: 2010ApJ...715..554K     BibTeX   Citations
SPIRES

The First Catalog of Active Galactic Nuclei Detected by the Fermi Large Area Telescope
Abdo, A. A. et al. 2010, ApJ, 715, 429  doi: 10.1088/0004-637X/715/1/429
arXiv: 1002.0150
ADS: 2010ApJ...715..429A     BibTeX   Citations
SPIRES

Detection of the energetic pulsar PSR B1509-58 and its pulsar wind nebula in MSH 15-52 using
the Fermi Large Area Telescope
Abdo, A. A. et al. 2010, ApJ, 714, 927  doi: 10.1088/0004-637X/714/1/927
arXiv: 1003.3833
ADS: 2010ApJ...714..927A     BibTeX   Citations
SPIRES

The discovery of gamma-ray emission from the blazar RGB J0710+591
Acciari, V. A. et al. 2010, ApJL, 715, L49  doi: 10.1088/2041-8205/715/1/49

Publications
Home Mission Instrument Collaboration Institutions Publications NASA Pictures Internal 

5/10/10 2:22 PMFermi LAT Publications
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ADS: 2010ApJS..187..460A     BibTeX   Citations
SPIRES

Constraints on Cosmological Dark Matter Annihilation from the Fermi-LAT Isotropic Diffuse
Gamma-Ray Measurement
Abdo, A. A. et al. 2010, JCAP, 04, 014  doi: 10.1088/1475-7516/2010/04/014
arXiv: 1002.4415
ADS: 2010JCAP...04..014A     BibTeX   Citations
SPIRES

Observations of the Large Magellanic Cloud with Fermi
Abdo, A. A. et al. 2010, A&A, 512, A7  doi: 10.1051/0004-6361/200913474
arXiv: 1001.3298
ADS: 2010A&A...512A...7A     BibTeX   Citations
SPIRES

Fermi detection of delayed GeV emission from the short GRB 081024B
Abdo, A. A. et al. 2010, ApJ, 712, 558  doi: 10.1088/0004-637X/712/1/558
arXiv: 1002.3205
ADS: 2010ApJ...712..558A     BibTeX   Citations
SPIRES

Observation of Supernova Remnant IC 443 with Fermi-Large Area Telescope
Abdo, A. A. et al. 2010, ApJ, 712, 459  doi: 10.1088/0004-637X/712/1/459
arXiv: 1002.2198
ADS: 2010ApJ...712..459A     BibTeX   Citations
SPIRES

Observations of Milky Way Dwarf Spheroidal galaxies with the Fermi-LAT detector and
constraints on Dark Matter models
Abdo, A. A. et al. 2010, ApJ, 712, 147  doi: 10.1088/0004-637X/712/1/147
arXiv: 1001.4531
ADS: 2010ApJ...712..147A     BibTeX   Citations
SPIRES

PSR J1907+0602: A Radio-Faint Gamma-Ray Pulsar Powering a Bright TeV Pulsar Wind Nebula
Abdo, A. A. et al. 2010, ApJ, 711, 64  doi: 10.1088/0004-637X/711/1/64
arXiv: 1001.0792
ADS: 2010ApJ...711...64A     BibTeX   Citations
SPIRES

Spectrum of the isotropic diffuse gamma-ray emission derived from first-year Fermi Large Area
Telescope data

5/10/10 2:22 PMFermi LAT Publications
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Acciari, V. A. et al. 2010, ApJL, 715, L49  doi: 10.1088/2041-8205/715/1/49
arXiv: 1005.0041
ADS: 2010ApJ...715L..49A     BibTeX   Citations
SPIRES

Fermi-Large Area Telescope Observations of the Exceptional Gamma-Ray Outbursts of 3C 273 in
2009 September
Abdo, A. A. et al. 2010, ApJL, 714, L73  doi: 10.1088/2041-8205/714/1/L73
ADS: 2010ApJ...714L..73A     BibTeX   Citations

Fermi Gamma-ray Imaging of a Radio Galaxy
Abdo, A. A. et al. 2010, Science, 328, 725  doi: 10.1126/science.1184656
ADS: 2010Sci...328..725A     BibTeX   Citations
Public: Abstract  Full text

The Vela Pulsar: Results from the First Year of Fermi LAT Observations
Abdo, A. A. et al. 2010, ApJ, 713, 154  doi: 10.1088/0004-637X/713/1/154
arXiv: 1002.4050
ADS: 2010ApJ...713..154A     BibTeX   Citations
SPIRES

Fermi-LAT Observations of the Vela X Pulsar Wind Nebula
Abdo, A. A. et al. 2010, ApJ, 713, 146  doi: 10.1088/0004-637X/713/1/146
arXiv: 1002.4383
ADS: 2010ApJ...713..146A     BibTeX   Citations
SPIRES

Fermi Large Area Telescope observations of PSR J1836+5925
Abdo, A. A. et al. 2010, ApJ, 712, 1209  doi: 10.1088/0004-637X/712/2/1209
arXiv: 1002.2977
ADS: 2010ApJ...712.1209A     BibTeX   Citations
SPIRES

Discovery of Pulsed Gamma-rays from PSR J0034-0534 with the Fermi LAT: A Case for Co-
located Radio and Gamma-ray Emission Regions
Abdo, A. A. et al. 2010, ApJ, 712, 957  doi: 10.1088/0004-637X/712/2/957
arXiv: 1002.2607
ADS: 2010ApJ...712..957A     BibTeX   Citations
SPIRES

The First Fermi Large Area Telescope Catalog of Gamma-ray Pulsars
Abdo, A. A. et al. 2010, ApJS, 187, 460  doi: 10.1088/0067-0049/187/2/460
arXiv: 0910.1608
ADS: 2010ApJS..187..460A     BibTeX   Citations



Example of all-sky payoff: 3C454.3 

commissioning  
pointed mode 
 

Science operation 
survey mode 
 

CGRO / EGRET 
•  Well-known radio source at 
z = 0.859; also detected by 
EGRET, AGILE 
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3C454.3 
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http://fermi.gsfc.nasa.gov/ssc/data/access/lat/msl_lc/ 

Also see arXiv:1102.0277 
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LAT Overview 
•  Precision Si-strip Tracker 

(TKR) Measure the photon 
direction; gamma ID. 

•  Hodoscopic CsI Calorimeter 
(CAL) Measure the photon 
energy; image the shower. 

•  Segmented Anticoincidence 
Detector (ACD) Reject 
background of charged 
cosmic rays;  segmentation 
removes self-veto effects at 
high energy. 

•  Electronics System Includes 
flexible, robust hardware 
trigger and software filters. 

Systems work together to identify and measure the flux of cosmic gamma 
rays with energy 20 MeV -  >300 GeV. 

Calorimeter 

Tracker 

ACD 
[surrounds 4x4 
array of TKR 
towers] 

Atwood et al, ApJ 
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LAT Collaboration 

•  France 
–  CNRS/IN2P3, CEA/Saclay 

•  Italy 
–  INFN, ASI, INAF 

•  Japan 
–  Hiroshima University 
–  ISAS/JAXA 
–  RIKEN  
–  Tokyo Institute of Technology 

•  Sweden 
–  Royal Institute of Technology (KTH) 
–  Stockholm University 

•  United States 
–  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 
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PI: Peter Michelson 
(Stanford) 
~400 Scientific Members (including 
97 Affiliated Scientists, plus 71 
Postdocs and 123 Students) 
Cooperation between NASA 
and DOE, with key 
international contributions 
from France, Italy, Japan and 
Sweden.   
Project managed at SLAC. 
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Acceptance PSF 68% Cont. Radius 

Different event classes trade background rejection and PSF against effective area 

Energy Resolution 



•  Total background rates very 
close to expectation (non-
trivial!) 

•  Spectacular charged-particle 
hit efficiency: 

•  PSF on-orbit as expected 
(note intrinsic energy 
dependence => localization is 
source-dependent) 
–  verify using on-pulse photons 

from Vela, compare with detailed 
MC simulation: 

•  On-orbit calorimeter calibration 
stable 
–  use cosmic ray heavy ions: 

Be 
B 

C 
N 

O 
Ne Mg 

Si 

Fe 

LAT Working Very Well On Orbit! 



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

Age ~(0.5 – 1)x104 years 
Distance ~ 1.4 kpc 
Diameter ~ 1.5° 

1420 MHz Radio Map: 
Pineault et al., A&A 324, 1152 (1997) 

P ~ 317 ms 
Pdot ~ 3.6E-13 
 

•  Spin-down luminosity ~1036 erg s-1, sufficient 
to supply the PWN with magnetic fields and 
energetic electrons. 

•  The γ-ray flux from the CTA 1 pulsar 
corresponds to about 1-10% of Erot (depending 
on beam geometry) 

Quick discovery enabled by 
•  large leap in key capabilities 
•  new analysis technique (Atwood 
et al) 

Abdo et al., Science Express, 16 Oct. 2008 

Discovery of First Gamma-ray only Pulsar 
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radio emission cone 

γ-ray emission 
fan beam 

Pulsar Field Geometry Simplified 
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Vela: phase-averaged spectrum (SED) 

32"

( / )
0( )

b
cE EN E N E e−−Γ=

0.05
1.51

0.04
2.9 0.1 GeVcE

+
Γ =

−

= ±

Consistent with b=1 
(simple exponential) 

b=2 (super-exponential) 
rejected at 16σ"

"
No evidence for magnetic 
pair attenuation: 
Near-surface emission 
ruled out 

arXiv:0812.2960 



Vela 11 months  

33"

A"="(4.13"+1"0.15)E19"ph/cm^2/s/MeV,""
Γ"="1.34"+1"0.01,""
Ec"="1.11"+1"0.07"GeV,""
b"="0.65"+1"0.01"

arXiv:1002.4050 events"Dme"stamped"to"<1"microsec"



Millisecond pulsars and Fermi 
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See http://nanograv.org 
35"



A Variable Standard 

Colleen A. Wilson-Hodge (NASA/
MSFC) 

Colleen A. Wilson-Hodge (NASA/
MSFC) 



High Energy Activity from the Crab 

No corresponding flare in X-rays with 
INTEGRAL (Atel # 2856), Swift (Atel # 
2858, 2866), or RXTE (Atel # 2872) or 
NIR (Atel #2867). No evidence for active 
AGN near Crab (Swift, Atel # 2868).   



A Variable Standard 

Figure 2: Gamma-ray flux above 100 MeV as a function of time of the synchrotron component
of the Crab Nebula. The upper panel shows the flux in four-week intervals for the first 25
month of observations. Data for times when the sun was within 15! of the Crab Nebula have
been omitted. The gray band indicates the average flux measured over the entire period. The
lower panel shows the flux as a function of time in four-day time bins during the flaring periods
in February 2009 and September 2010. Arrows indicate 95% confidence flux limits.
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 arXiv:1011.3855v1   

…also see arXiv:1010.2679 

Now"added"to"monitored"
source"list"

Science, 331, 739  



http://fermi.gsfc.nasa.gov/ssc/data/access/lat/msl_lc/ 
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•  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 

arXiv:1010.2679 

12150"keV"

501100"keV"

1001300"keV"

3001500"keV"

GBM Observations of the Crab Nebula 
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For this year's Dungeness crab season, neither the captains nor
processors would disclose their pricing deal.

IMAGES

 View All Images (31)

MORE NEWS

Senate to vote again on military gay
ban 11.17.10

Obama enlists big guns to help save
nuclear treaty 11.17.10

UCSF shuttle bus strikes, kills
pedestrian 11.17.10

Galleries 1-3 of 21

Dramatic
rings add
shine to
holidays

'Burlesque'
premiere

Santa's
Penguins

Dungeness crab season opens after short delay
Kelly Zito, Chronicle Staff Writer
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After a brief delay, the
first Dungeness crab
cakes of the season
should be on Bay Area
dinner tables by
Thursday.

Tests late Monday
confirmed that the catch is
mature and meaty enough -
allowing crab boat owners and
processors to finalize a price for
the prized crustacean. In the wee
morning hours Tuesday, San
Francisco crab boats chugged

out through the Golden Gate and dropped their traps.
The first load arrived at the docks Tuesday evening.

"The crab are going to start coming in - we put 120
pots in this morning," said Larry Collins, captain of
the Autumn Gale and president of the Crab Boat
Owners Association of San Francisco.

The Dungeness season in the coastal zone between
Pacifica and Bodega Bay kicks off on Nov. 15 each
year under state statute. But if the quality of the crab
is uncertain, or if the crabbers and seafood

wholesalers can't agree on a price, the season hangs in limbo.

Late last week, Collins said, his organization's 40 members were trying to negotiate $2
per pound for their Dungeness hauls, the same price as last year. Then Monday,
questions swirled about whether the crabs had added enough mass and whether their
shells had hardened sufficiently. As crabs grow, they shed their carapace; the new shell
remains soft until the crab bulks up.

Juvenile crab counted in San Francisco Bay in 2007 and 2008 indicated that a healthy
crop would be ready by this season, according to state scientists. But in an unusual

advertisement | your ad here
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Arrests at UC protest
At least 13 people were arrested outside of the
UC Board of Regents meeting in San Francisco.
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“But if the quality of the crab is 
uncertain…the season hangs in 
limbo.” 
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Models of Blazar Gamma-ray Production 

(credit:J. Buckley) 
(from Sikora, Begelman, and Rees (1994)) 

43"
Variability"and"MW"keys"



LAT Continuous Source Releases 

The LAT team continuously 
releases flux & spectra as a 
function of time for all 
sources in a pre-defined list + 
flaring sources during flares. 

•  Modified data release after 
~6 months:  

•  Lowered flux threshold 
to release information on 
flaring sources by factor 
of 2. 

•  Provided information 
continuously (not just 
during flares). 

•  started with 23 sources, 
now have >50, with 
contact people assigned. 

• http://fermisky.blogspot.com 
44"
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Rapid Publications from the Fermi LAT Collaboration: GCN and ATEL

Astronomer's Telegrams (ATEL):

datedate numbernumber titletitle

2010-Nov-11  3026  Fermi LAT detection of increasing gamma-ray activity from the FSRQ B3
1708+433

2010-Nov-08  3014  GeV emission from SHBL J001355.9-185406

2010-Nov-03  3002  Fermi LAT detection of increasing gamma-ray activity from the FSRQ
PKS 1730-13

2010-Oct-30  2986  Swift follow-up confirms the high flaring state of the blazar PMN J2345-
1555

2010-Oct-26  2972  Detection of a simultaneous optical and gamma-ray flare from blazar
PMN J2345-1555

2010-Oct-22  2966  Fermi LAT detection of a possible new gamma-ray blazar PMN J1913-
3630

2010-Oct-21  2963  Swift follow-up confirms the high activity state of CGRaBS J1848+3219
2010-Oct-19  2954  Fermi LAT detection of a GeV flare from CGRaBS J1848+3219

2010-Oct-15  2944  Fermi LAT observations of enhanced gamma-ray activity of blazar PKS
2155-304

2010-Oct-15  2943  Fermi LAT detection of an intense GeV flare from the high-redshift and
gravitationally lensed blazar PKS 1830-211

2010-Oct-05  2907  Fermi-LAT detection of GeV gamma-ray emission from CRATES J0531-
4827

2010-Oct-03  2901  Swift follow-up of the gamma-ray flaring blazar PKS 0727-11

2010-Sep-29  2886  Fermi LAT observations of increasing gamma-ray activity of blazar
3C279

2010-Sep-28  2879  Crab flux no longer elevated in Fermi-LAT band

2010-Sep-23  2861  Fermi LAT confirmation of enhanced gamma-ray emission from the Crab
Nebula region

2010-Sep-23  2860  Fermi LAT detection of a GeV flare from the FSRQ PKS 0727-11
2010-Sep-18  2848  Flaring blazar B2 0619+33: Swift X-ray and UV/optical observations
2010-Sep-09  2837  PKS 1329-049 revived: new gamma-ray activity observed by Fermi LAT

Also see http://fermisky.blogspot.com/ 



What Produces the Isotropic Flux? 

46"

See other studies by: Stecker&Salomon+96, Pavlidou&Fields+02, 
Narumoto&Totani06,Dermer07, Bhattacharya+09, Inoue&Totani09, Fields+10, Makiya+10, 
Inoue+11,Abazajian+10, Ghirlanda+11,Stecker&Venters11,Malyshev&Hogg11 

Preliminary 

FSRQ 
Star-forming Gal. 
BL Lac 
Radio Galaxies 

more"to"
explore!"

earlier work: arXiv:1002.3603 



Recent Update to 600 GeV 
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Dark Matter 
Some important models in particle physics could also solve the dark 
matter problem in astrophysics.  If correct, these new particle interactions 
could produce an anomalous flux of cosmic particles (“indirect detection”). 

Anomalous gamma ray spectra and/or γγ or Zγ 
“lines” and/or anomalous charged cosmic rays 
and/or neutrinos?  

•  If particles are stable: rate ~ (DM density)2 
•  If particles unstable: rate ~ ( DM density) 

Χ"

X"

Just an example of what might be waiting for us to find! 

 
 
  

•   Key interplay of techniques: 
–  colliders (TeVatron, LHC) 
–  direct detection experiments underground 
–  indirect detection (most straightforward: gamma rays and neutrinos) 

•  Full sky coverage look for clumping throughout galactic halo, including off 
the galactic plane (if found, point the way for ground-based facilities) 

•  Intensity highly model-dependent 
•  Challenge is to separate signals from astrophysical backgrounds 

48"
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Gamma rays from Dark Matter annihilation 

49"

Prompt lepton  
pair production 

Secondary from π0 
decays 



Dark Matter: Many Places to Look! 

All-sky map of gamma rays from 
DM annihilation  arXiv:0908.0195  
(based on Via Lactea II 
simulation) 

And"anomalous"
charged"cosmic"
rays"(liUle/no"
direcDonal"
informaDon,"

trapping"Dmes,"
etc.)"

                 Satellites 
Low background and good source id,  
but low statistics, in some cases 
astrophysical background 

    Galactic Center 
Good Statistics but source  
confusion/diffuse background 

!       Milky Way Halo 
Large statistics but diffuse 
background 

        Spectral Lines 
No astrophysical uncertainties,  
good source id, but low sensitivity 
because of expected small BR 

!

              Extra-galactic 
Large statistics, but astrophysics, galactic 
diffuse background  

Galaxy&Clusters&
Low&background,&but&low&sta7s7cs&



They Play Together! 

51"

Accelerators 
Direct production.  Push to higher energy 

Direct Detection 
Relic scattering RIGHT HERE at low energy.   Push to 
larger target mass, lower backgrounds, directional 
sensitivity? 

Indirect Detection 
Relic interactions (annihilations, decays) Understand the 
astrophysical backgrounds in signal-rich regions.  Reveal the 
detailed astrophysical distribution of dark matter. 

Simulations 
Large scale structure formation.  Push 
toward larger simulations, finer details. 

Observations 
Push toward finding 
and studying 
galactic halo 
objects and large 
scale structure. 



They Play Together! 
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Accelerators 
Direct production.  Push to higher energy 

Direct Detection 
Relic scattering RIGHT HERE at low energy.   Push to 
larger target mass, lower backgrounds, directional 
sensitivity? 

Indirect Detection 
Relic interactions (annihilations, decays) Understand the 
astrophysical backgrounds in signal-rich regions.  Reveal the 
detailed astrophysical distribution of dark matter. 

Simulations 
Large scale structure formation.  Push 
toward larger simulations, finer details. 

Observations 
Push toward finding 
and studying 
galactic halo 
objects and large 
scale structure. 

arXiv:1106.2529 

arXiv:1106.0768 

arXiv:1011.0077 

arXiv:1001.3651 

arXiv:0907.5003 

arXiv:0905.0107 

arXiv:0807.3736 

arXiv:0801.3656 

arXiv:0303043 



Dwarf Spheriodal (dSph) Galaxies 

•  Largest galactic substructures predicted (in ΛCDM) 
•  DM-dominated: mass-to-light ratios O(100-1000) 
•  Very low astrophysical backgrounds 

–  no detected gas, low recent star formation activity 
•  SDSS discovery of many more ultrafaint Milkyway 

satellites 
–  more are welcome! 

•  Great opportunity for indirect DM signal searches! 

53"



Search for DM in dSph
No detection by Fermi (100 MeV – 50 GeV) with 11 months of data. 95% 
flux upper limits are placed for several possible annihilation final states.!

54"

A.A. Abdo et al., ApJ 712 (2010) 147. 

For the Ursa 
Minor dSph 



Combining dSph Limits 5
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The fit proceeds as follows. For given fixed values of
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and bf , we optimize � lnL, with L given in eq. 1.
Confidence intervals or upper limits, taking into account
uncertainties in the nuisance parameters, are then com-
puted using the ‘profile likelihood’ technique, which is a
standard method for treating nuisance parameters in like-
lihood analyses (see e.g., [30]), and consists of calculat-
ing the profile likelihood � lnL
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) = 2.71 for a one-
sided 95% confidence level. The MINUIT subroutine MI-
NOS [31] is used as the implementation of this technique.
Note that uncertainties in the background fit (di↵use and
nearby sources) are also treated in this way. The cover-
age of this profile joint likelihood method for calculating
confidence intervals has been verified using toy Monte
Carlo for a Poisson process with known background and
Fermi-LAT simulations of galactic and isotropic di↵use
gamma-ray emission. The parameter range for h�

ann

vi
is restricted to have a lower bound of zero, to facilitate
convergence of the MINOS fit, resulting in slight over-
coverage for small signals, i.e. conservative limits.

RESULTS AND CONCLUSIONS

As no significant signal is found, we report upper lim-
its. Individual and combined upper limits on the anni-
hilation cross section for the b

¯

b final state are shown in
Fig. 1, see also [32]. Including the J-factor uncertainties
in the fit results in increased upper limits compared to
using the nominal J-factors. Averaged over the WIMP
masses, the upper limits increase by a factor up to 12
for Segue 1, and down to 1.2 for Draco. Combining the
dSphs yields a much milder overall increase of the upper

FIG. 1. Derived 95% C.L. upper limits on WIMP annihilation
cross section for all selected dSphs and for the joint likelihood
analysis for annihilation into bb̄ final state. The most generic
cross section (⇠ 3 · 10�26 cm3s�1 for a purely s-wave cross
section) is plotted as a reference. Uncertainties in the J-factor
are included.

FIG. 2. Derived 95% C.L. upper limits on WIMP annihilation
cross section for the bb̄ channel, the ⌧+⌧� channel, the µ+µ�

channel, and the W+W� channel. The most generic cross
section (⇠ 3 · 10�26 cm3s�1 for a purely s-wave cross section)
is plotted as a reference. Uncertainties in the J-factor are
included.

limit compared to using nominal J-factors, a factor of
1.3.
The combined upper limit curve shown in Fig. 1 in-

cludes Segue 1 and Ursa Major II, two ultra-faint satel-
lites with small kinematic datasets and relatively large
uncertainties on their J-factors. Conservatively, exclud-
ing these objects from the analysis results in an increase
in the upper limit by a factor ⇠1.5, which illustrates the
robustness of the combined fit.
Finally, Fig. 2 shows the combined limits for all stud-
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Fig. 1, see also [32]. Including the J-factor uncertainties
in the fit results in increased upper limits compared to
using the nominal J-factors. Averaged over the WIMP
masses, the upper limits increase by a factor up to 12
for Segue 1, and down to 1.2 for Draco. Combining the
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FIG. 1. Derived 95% C.L. upper limits on WIMP annihilation
cross section for all selected dSphs and for the joint likelihood
analysis for annihilation into bb̄ final state. The most generic
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limit compared to using nominal J-factors, a factor of
1.3.
The combined upper limit curve shown in Fig. 1 in-

cludes Segue 1 and Ursa Major II, two ultra-faint satel-
lites with small kinematic datasets and relatively large
uncertainties on their J-factors. Conservatively, exclud-
ing these objects from the analysis results in an increase
in the upper limit by a factor ⇠1.5, which illustrates the
robustness of the combined fit.
Finally, Fig. 2 shows the combined limits for all stud-

arXiv:1108.3546v2 (95% CL) 

(95% CL) 



LAT e+e- Spectrum Update 
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FIG. 21: Cosmic ray electron spectrum as measured by Fermi LAT for one year of observations - shown by filled circles, along
with other recent high energy results. The le spectrum is used to extend the he analysis at low energy. Systematic errors
are shown by the grey band. The range of the spectrum rigid shift implied by a shift of the absolute energy is shown by the
arrow in the upper right corner. Dashed line shows the model based on pre-Fermi results [32]. Data from other experiments
are: Kobayashi [33], CAPRICE [34], HEAT [35], BETS [36], AMS [19], ATIC [7], PPB-BETS [8], H.E.S.S. [9, 10]. Note that
the AMS and CAPRICE data are for e! only.

The CR electron spectrum reported in this paper and
shown in figure 21 is essentially the same as that pub-
lished in [2] for the energy above 20 GeV, but with twice
the data volume. Within the systematic errors (shown by
the grey band in fig 21) the entire spectrum from 7 GeV
to 1 TeV can be fitted by a power law with spectral index
in the interval 3.03 – 3.13 (best fit 3.08), similar to that
given in [2]. The spectrum is significantly harder (flat-
ter) than that reported by previous experiments. The
cross-check analysis using events with long paths in the
instrument confirms the absence of any evident feature in
the e++e! spectrum from 50 GeV to 1 TeV, as originally
reported in [2].

Below ! 50 GeV the electron spectrum is consistent
with previous experiments and does not indicate any flat-
tening at low energies. This may be compared with pre-
vious experiments that made measurements over the last
solar cycle with an opposite polarity of the solar magnetic
field (e.g. [19, 34]), and which indicate that a significant

flattening occurs only below ! 6 GeV.

To fit the high energy part of the Fermi LAT spec-
trum and to agree with the H.E.S.S. data, a conventional
propagation model requires an injection power law index
! " 2.5 above ! 4 GeV and a cuto! at ! 2 TeV. How-
ever, while providing good agreement with the high en-
ergy part of the spectrum, a model with a single power
law injection index fails to reproduce the low-energy data.
To obtain an agreement with all the available data at low
energies we need the injection spectrum ! ! 1.5#2.0 be-
low ! 4 GeV and a modulation parameter in the range
" = 400# 600 MV. The latter was set to match proton
spectrum at low energy during the first year of Fermi
LAT operation [38]. An example of such a calculation
using GALPROP code [39] is shown in figure 22. This
model includes spatial Kolmogorov di!usion with spec-
tral index " = 0.33 and di!usive reacceleration charac-
terized by an Alfven speed vA = 30 km/s; the halo height
was 4 kpc. Energy losses by inverse Compton scattering

arXiv:1008.3999v1, PRD 82   

7 GeV – 1 TeV, double statistics (8M events) 



Data/MC Comparisons 
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FIG. 1: Comparison of beam test data (solid line) and MC simulations (dashed line) for two fundamental tracker variables
used in the electron selection: the number of clusters in a cone of 10 mm radius around the main track (left panels) and the
average time over threshold (right panels). Both variables are shown for an electron and a proton beam.

rations at the CERN and the GSI Helmholtz Centre for
Heavy Ion Research accelerator complexes [24]. Such a
large data sample allows a direct comparison with simu-
lations over a large portion of the LAT operational phase
space.

Validations studies were conducted by systematically
comparing data taken in each experimental configura-
tion to a simulation corresponding to that configuration.
Distributions of the basic quantities used for event re-
construction and background rejection analysis, such as
tracker clusters, calorimeter and anticoincidence detec-
tor energy deposits and their spatial distributions, were
compared.

Di!erences were minimized after modifying the Monte
Carlo simulation, based on the Geant4 toolkit [21], to
best match the data. The main changes were to improve
the description of the geometry and the materials in the
instrument and along the beam lines, and the models
describing electromagnetic (EM) and hadronic interac-
tions in the detector. Data were corrected for environ-
mental e!ects that were found to a!ect the instrumental
response, such as temperature drifts and beam-particle
rates.

We found that EM processes are well described by
the standard LHEP libraries [21], the only exception be-
ing the Landau-Pomeranchuk-Migdal e!ect (LPM, [25]),
which was found to be inaccurately implemented. Based

on our findings, this was fixed in the Geant4 release
itself 1. The erroneous implementation produced a sig-
nificant e!ect in the description of EM cascades at en-
ergies as low as ! 20 GeV. The LAT is in fact sensitive
to the onset of the LPM e!ect, as it finely samples the
longitudinal and lateral shower development.

Tuning the Geant4 simulation of hadronic interac-
tions to the actual instrumental response requires choos-
ing among the many alternative cross-section algorithms
and interaction models that are specific to the energy
range of interest. Geant4 o!ers such flexibility through
a choice of di!erent implementations from a list of pos-
sibilities [21]. We found that the simulations that best
reproduce the hadronic interactions recorded in the CU
are obtained when using the Bertini libraries at low en-
ergies (< 20 GeV) and the QGSP code at higher energies
(> 20 GeV) [26, 27]. With such models, the agreement
between data and Monte Carlo simulations for hadronic
cascades is not perfect, but appears to be su"cient to
safely estimate the residual hadronic contamination.

These codes were incorporated in both the CU and

1 The LAT CU data were used as a benchmark for the Geant4

EM physics classes including the LPM e!ect; Geant4 releases
9.2-beta-01 and later contain the correct implementation.
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FIG. 3: Comparison of beam test data (triangles) and Monte
Carlo simulations (squares) for the energy resolution for elec-
tron beams entering the CU at 0! and 60! and energies from
10 to 282 GeV. Lines are to guide an eye.

tions expected for electromagnetic cascades. Figure 5
shows the sequence of four successive cuts on the data
in a single energy bin, for the transverse shower size in
the calorimeter. This figure illustrates the di!erence in
transverse shower size between electrons and hadrons,
and illustrates how all three LAT subsystems contribute
to reduce the hadron contamination.

The tracker images the initial part of the shower. As
shown earlier in figure 1, electrons are selected by having
larger energy deposition along the track and more clus-
ters in the vicinity (within ! 1 cm) of the best track, but
which don’t belong to the track itself. As illustrated in
figures 1 (a) and (c), the fraction of these extra clusters
is, on average, much higher for energetic electrons than
for protons. The average energy deposition in the sili-
con planes (which we measure by means of the time over
threshold) is also higher for electrons, as can be seen in
figure 1 (b) and (d).

The ACD provides part of the necessary discrimination
power. Photons are e"ciently rejected using the ACD in
conjunction with the reconstructed tracks. A signal in an
ACD tile aligned with the selected track indicates that
the particle crossing the LAT is charged. Hadrons are
removed by looking for energy deposition in all the ACD
tiles, mainly produced by particles backscattering from
the calorimeter. Two examples of this e!ect can be seen
in figure 6. Figure 6 (a) shows the total energy deposition
in the ACD tiles for the le analysis; the hadrons are
more likely to populate the high-energy tail. Figure 6
(b) shows the average energy per tile in the he analysis;
it is significantly higher for hadrons than for electrons,
due to backsplash from nuclear cascades.
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FIG. 4: Comparison of Beam test data and Monte Carlo simulations for the longitudinal shower profiles for electron beams
entering the CU at 0! and 30! and energies of 20 and 282 GeV.

A Classification Tree (CT) analysis 2 provides the re-
maining hadron rejection power necessary for the CRE
spectrum measurement.

We identified the quantities (variables) derived from
the event reconstructions that are most sensitive to the
di!erences between electromagnetic and hadronic event
topologies. For example, the multiplicity of tracks and
the extra hits outside of reconstructed tracks is useful
for rejecting interacting hadrons. Variables mapping the
shower development in the calorimeter are also impor-
tant. The CTs are trained using simulated events and,
for each event, predict the probability that the event is an
electron. The cut that we have adopted on the resulting
CT-predicted electron probability is energy dependent.
For he analysis, a higher probability is required as en-
ergy increases. These cuts give us a set of candidate
electron events with a residual contamination of hadrons
that cannot be removed on an event-by-event basis. The
remaining contamination must be estimated using the
simulations and will be discussed in section III B.

Though the simulations are the starting point for the
event selection, we systematically compare them with the
flight data as illustrated in figures 5, 6, and 7. The input

2 The reader can refer to [28] for a comprehensive review of the use
of data mining and machine learning techniques in astrophysics.

energy spectra for all the particles are those included in
the model of energetic particles in the Fermi orbit (sec-
tion II B), with the exception of the electrons. For the
electrons we use instead a power law spectrum that fits
our previous publication [2]. For any single variable we
use the signal and proton background distributions at
the very end of the selection chain (after the cuts on all
the other variables have been applied) to quantify the
additional rejection power provided by that particular
variable. Any variables for which the data-MC agree-
ment was not satisfactory were not used in any part of
the selection.

The procedure used to characterize the discrepancies
between data and Monte Carlo and quantify the asso-
ciated systematic uncertainties will be described in sec-
tion IIID. We stress, however, that there is a good qual-
itative agreement (both in terms of the shapes of the
distributions and in terms of the relative weights of the
electron and hadron populations) in all the energy bins
and at all the stages of the selection. This is a good in-
dication of the self-consistency of the analysis and that
both the CR flux model and detector simulation ade-
quately reproduce the data.
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tainty is shown with error bars and the total (statistical plus
systematic uncertainty) is shown as a shaded band.

the electron spectrum is (2.07±.13 ! 10!2 GeV!1 m!2

s!1 sr!1)( E

20GeV )!3.19±0.07. The uncertainties are deter-
mined by including the total (statistical plus systematic)
uncertainty of each energy bin. The fitted indices are con-
sistent with the index we reported previously for the total
electron plus positron spectrum (3.08±0.05) [19, 20].

Conclusion. We measured the CR positron and elec-
tron spectra separately between 20 and 200 GeV, using
a novel separation technique which exploits the charge-
dependent displacement of the Earth’s shadow due to the
geomagnetic field. While the positron fraction has been
measured previously up to 100 GeV [15] and the absolute
flux has been measured previously up to 50 GeV [9, 36],
this is the first time that the absolute CR positron spec-
trum has been measured above 50 GeV and that the
fraction has been determined above 100 GeV. We find
that the positron fraction increases with energy between
20 and 200 GeV, consistent with results reported by
PAMELA [14]. Future measurements with greater sen-
sitivity and energy reach, such as those by AMS-02, are
necessary to distinguish between the many possible ex-
planations of this increase.
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(!3% of which pass the trigger and onboard filter) with
a power-law distribution in energy with an index of 1.5.
We also simulated 150 million electron events between
4 GeV and 1 TeV (!13% of which pass the onboard fil-
ter) with a spectral index of 1. The spacecraft orbit in the
simulation matched the actual flight orbit for the data set
used. We re-weight the MC proton flux to the spectrum
measured by the AMS-01 experiment (index 2.78) [13],
and the MC electron flux to the spectrum measured by
the Fermi LAT [19, 20] (index 3.08). We apply the same
analysis cuts to the MC and flight data in order to esti-
mate the residual proton contamination. Roughly 0.1%
of the protons that pass the onboard filter also pass the
analysis cuts we designed to reject them. We traced the
trajectories of surviving events and removed events with
trajectories blocked by the Earth. The accuracy of the
MC proton rate has been validated by comparing a vari-
ety of distributions between MC and flight data. In par-
ticular, we inverted individual cuts in order to produce
samples with an enriched proton background contribu-
tion. The rate of MC protons agrees with flight data
within ! 8%.
Results. The common systematic uncertainty in the

CR electron/positron flux for the two background sub-
traction methods are: ±5% e!ective area; ±5% on-
board filter e"ciency in the two lowest energy bins (20.0–
31.7 GeV); and +0%

!3% below 100 GeV, +0%
!10% above 100 GeV

due to atmospheric lepton contamination. The system-
atic uncertainty of atmospheric positron contamination
is asymmetric because such contamination can only cause
us to overestimate, not underestimate, the CR positron
flux. Systematic uncertainties present only for the flight
data fitting method are 5–10% (depending on energy and
region) due to discrepancies between the fit shape and
the actual distribution and 2–4% due to using the ref-
erence ! distribution. Components present only for the
MC method are !8% due to discrepancies between MC
protons and flight data, and 2–10% CR proton spectral
index uncertainty, evaluated using three recent CR pro-
ton spectrum measurements (BESS [32], AMS-01 [13],
and PAMELA [33]). Summing systematic uncertainty
components in quadrature (we expect them to be un-
correlated), we estimate 10–16% (depending on energy)
uncertainty in the positron flux for the fit method and
8–19% for the MC method. To determine the final un-
certainty of each spectral point we add the statistical un-
certainty in quadrature; for the MC method this includes
both signal and background statistics.
The two independent background subtraction meth-

ods produce spectra that are consistent with one another
in each of the three regions (positron, electron and con-
trol). Our best estimates of the spectra are shown in
Figure 4 and Table I. We chose the fit method for all
energy bins except the highest, because this method has
slightly smaller uncertainty. For the highest energy bin
we use the MC method because the statistics are not suf-
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FIG. 4: Energy spectra for e+, e!, and e+ + e
! (control re-

gion). In the control region where both species are allowed,
this analysis reproduces the Fermi LAT results reported pre-
viously for the total electron plus positron spectrum [19, 20]
(gray). The small di!erence between the combined e+ + e

!

flux we measured in the control region and the total flux we
reported previously is due to instrument response functions
that have been updated to account for “ghost events” [34].
Previous results form HEAT [9] and PAMELA [15] are shown
for reference. The bottom panel shows that the ratio between
the sum and the control flux is consistent with 1 as expected.

ficient for fitting. The positron fraction ( J(e+)
J(e+)+J(e!) ) is

shown in Figure 5. Error propagation is performed inde-
pendently for the fraction and for the individual spectra;
the contribution due to e!ective area uncertainty cancels
in the fraction.

Energy J(e+)! 105 J(e!)! 104 J(e+)
J(e+)+J(e!)

20.0 " 25.2 160±5+20
!21 154±1+14

!14 .094±.003+.010
!.010

25.2 " 31.7 80.2±2.9+10
!10 72.8±.6+6.5

!6.5 .099±.003+.010
!.011

31.7 " 39.9 43.4±2.0+4.9
!5.1 34.1±.4+2.5

!2.5 .113±.005+.012
!.012

39.9 " 50.2 21.8±1.7+2.5
!2.6 16.1±.3+1.2

!1.2 .119±.008+.012
!.013

50.2 " 63.2 10.7±1.4+1.2
!1.3 7.89±.28+.58

!.58 .119±.014+.012
!.013

63.2 " 79.6 5.52±1.4+.66
!.68 3.66±.23+.27

!.27 .131±.029+.014
!.014

79.6" 100 3.90±1.2+.46
!.48 1.67±.21+.12

!.12 .189±.049+.018
!.019

100" 126 1.83±.57+.22
!.28 .97±.12+.08

!.08 .160±.045+.017
!.023

126" 159 1.28±.45+.15
!.20 .481±.085+.039

!.039 .210±.065+.021
!.030

159" 200 .911±.48+.13
!.16 .214±.069+.011

!.011 .30±.13+.03
!.04

TABLE I: Flux (GeV!1 m!2 s!1 sr!1) and positron fraction
as a function of energy (GeV). Uncertainties are ±stat ±sys.

The spectrum measured in each of the three regions be-
tween 20 and 200 GeV is well described by a power law.
The fit to the positron spectrum is (2.02±.22 " 10!3

GeV!1 m!2 s!1 sr!1)( E

20GeV )!2.77±0.14, while the fit to

!10 GeV [14, 15] with high precision, confirming the in-
dications seen in the earlier data.
The best established mechanism for producing CR

positrons is secondary production: CR nuclei interact
inelastically with interstellar gas, producing charged pi-
ons that decay to positrons, electrons, and neutrinos.
However, this process results in a positron fraction that
decreases with energy [4, 16]. The origin of the rising
positron fraction at high energy is unknown and has been
ascribed to a variety of mechanisms including pulsars,
CRs interacting with giant molecular clouds, and dark
matter. See [17, 18] for recent reviews.
The Large Area Telescope (LAT) is a pair-conversion

gamma-ray telescope onboard the Fermi Gamma-ray
Space Telescope satellite. It has been used to measure
the combined CR electron and positron spectrum from
7 GeV to 1 TeV [19, 20]. The LAT does not have a mag-
net for charge separation. However, as pioneered by [21]
and [22], the geomagnetic field can also be used to sepa-
rate the two species without an onboard magnet. Müller
and Tang [22] used the di!erence in geomagnetic cut-
o! for positrons and electrons from the east and west
to determine the positron fraction between 10 GeV and
20 GeV. As reported below, we used the shadow im-
posed by the Earth and its o!set direction for electrons
and positrons due to the geomagnetic field, to separately
measure the spectra of CR electrons and positrons from
20 GeV to 200 GeV. In this energy range, the 68% con-
tainment radius of the LAT point-spread function is 0.1!

or better and the energy resolution is 8% or better.
Region selection and exposure calculation. The Earth’s

magnetic field significantly a!ects the CR distribution in
near-Earth space. At energies below !10 GeV, a signifi-
cant fraction of the incoming particles are deflected back
to interplanetary space by the magnetic field (“geomag-
netic cuto!”). The exact value of the geomagnetic cuto!
rigidity depends on the detector position and viewing
angle. In addition to the geomagnetic cuto! e!ect, the
Earth blocks trajectories for particles of certain rigidities
and directions while allowing other trajectories. This re-
sults in a di!erent rate of CRs from the east than the
west (the “east-west e!ect”) [23–25].
Figure 1 shows example trajectories for electrons and

positrons. Positive charges propagating toward the east
are curved outward, while negative charges are curved
inward toward the Earth (Figure 1). This results in a
region of particle directions from which positrons can ar-
rive, while electrons are blocked by the Earth. At each
particle rigidity there is a region to the west from which
positrons are allowed and electrons are forbidden. There
is a corresponding region to the east from which electrons
are allowed and positrons are forbidden. The precise size
and shape of these regions depend on the particle rigidity
and instrument location.
We used a high-precision geomagnetic field model (the

2010 epoch of the 11th version of the International Ge-
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FIG. 1: Examples of calculated electron (red) and positron
(blue) trajectories arriving at the detector, for 28 GeV parti-
cles arriving within the Equatorial plane (viewed from the
North pole). Forbidden trajectories are solid and allowed
trajectories are dashed. Inset: the three selection regions
(electron-only, positron-only, and both-allowed) for the same
particle energy and spacecraft position as the trajectory traces
(viewed from the instrument position in the Equatorial plane).

omagnetic Reference Field [26]) and a publicly available
code [27] to trace charged particle trajectories in the mag-
netic field and determine allowed vs. forbidden regions
for each species. We previously used the same magnetic
field model and tracer code to perform a precise compar-
ison between predicted and measured geomagnetic cuto!
rigidities for the Fermi LAT orbit, finding that the tracer
code accurately predicts the geographical distribution of
the geomagnetic cuto! [28]. We also tested the model
for the 1995 epoch and found that the di!erences for this
analysis were small. We therefore used the static 2010
model for all of the data analyzed here, which spanned
June 2008 through April 2011.

Each particle trajectory is traced backward from the
spacecraft until it reaches 20 Earth radii from the Earth
center or reaches the Earth’s atmosphere, which we ap-
proximate with a 60 km thickness (Figure 1). If the tra-
jectory reaches 20 Earth radii, it is an allowed trajec-
tory. If it reaches the atmosphere, it is a forbidden tra-
jectory. We calculate electron-only, positron-only, and
both-allowed (control) regions for each 30 s time step us-
ing the instantaneous spacecraft latitude and longitude
and the nominal orbital altitude of 565 km. The regions
are determined for each energy bin, with 10 logarithmi-
cally spaced energy bins spanning 20–200 GeV. The 30 s
time step (in which the spacecraft travels ! 2! longitude)
is su"cient to achieve a finely sampled distribution of
instantaneous regions and exposures. Although we use
binned position data for the exposure calculation, we use
the instantaneous spacecraft position at the time of each
event to determine which region it lies in, so the event

…and AMS-02 is flying! 
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Anomalies in e± spectra?  

“Before jumping to an interpretation involving the 
annihilations of dark matter particles, one should 
first consider more prosaic interpretations, taking 
into account uncertainties in cosmic-ray production 
and propagation through the galaxy, as well as 
possible contributions from nearby sources. These 
may render unnecessary an explanation in terms 
of dark matter annihilations, which would in any 
case require a rather special supersymmetric 
model.” 
- JE  arXiv:1106.2923v1 
 

59"



No Significant e+e- Excess or Deficit from the Sun 
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energetic flux of CREs in this scenario.
For simplicity, we assume all annihilations occur at the

surface of the Sun (as in [1]), since the density of DM
falls o! quickly with distance from the Sun. Naturally,
e± produced in annihilations inside the surface of the
Sun cannot escape the Sun, and thus do not produce a
detectable flux.
The isotropic flux of e± particles from the Sun is

F = 2
"A,out

4!D2
!

(30)

where "A,out is the annihilation rate of DM particles
outside the surface of the Sun. The factor of 2 accounts
for the fact that 2 CREs are emitted per annihilation
of a pair of DM particles. However, it is also necessary
to take into account that CREs produced on the surface
of the Sun opposite to the Earth are extremely unlikely
to reach the detector, so we assume the flux of CREs
observable at the detector is a factor of 2 smaller than
that given by Eq. 30.
Following Refs. [45, 46], we assume that capture and

annihilation of particles in this scenario is in equilibrium,
i.e., "A = 1

2C!, where "A is the total annihilation rate at
all radii. We emphasize, however, that due to significant
uncertainties in the density profile of the captured iDM
particles, the assumption of equilibrium is less robust in
this case than in the elastic scattering scenario. Ref. [45]
concludes that equilibrium will be attained, but notes
the sizable uncertainties in this calculation. On the
other hand, for the limiting cross-sections we determine
for this scenario, the condition for equilibrium given
in Ref. [46] for inelastic capture requires a minimum
annihilation cross-section ranging from more than an
order of magnitude smaller than for a thermal relic for
small masses and " = 110 keV to a factor of ! 3 larger
than thermal for larger masses and " = 140 keV. In light
of the uncertainties in this calculation, we again work
under the assumption of equilibrium when deriving limits
on the scattering cross-section.
Defining fout as the fraction of captured DM particles

outside the Sun at a given instant, we have

"A,out = fout"A =
1

2
foutC!. (31)

The capture rate of iDM particles by the Sun C! was
calculated by Refs. [45, 46]. Both studies note that there
are uncertainties in this calculation at the factor of a few
level. We use the capture rate as a function of DM mass
m! and mass splitting " as given in Fig. 2 of Ref. [46], and
interpolate the results shown in that figure. The capture
rates were calculated assuming the following parameters:
the velocity of the Sun in the DM rest frame v! =
250 km/s, the DM velocity dispersion ṽ = 250 km/s, the
local DM density #DM = 0.3GeV/cm3, and the cross-
section per nucleon in the elastic limit $0 = 10"40 cm2.
The relation between the total inelastic scattering cross-
section and the total elastic scattering cross-section is
given in Eq. 7 of Ref. [46]. The capture rate scales linearly

100 1000
mχ [GeV]

10−43

10−42

10−41

10−40

σ
0 [

cm
2 ]

δ = 110 KeV
δ = 125 KeV
δ = 140 KeV

FIG. 8: Constraints on iDM model parameters for three
values of the mass splitting !. Models above the curves
produce a solar CRE flux that exceeds the 95% CL flux upper
limit for a 30! ROI centered on the Sun in one or more energy
bins.

with #DM and $0, while the dependence on v! and ṽ is
mild over the mass range of interest (m! ! 100GeV to !
1TeV). We note, however, that the constraints obtained
by direct detection experiments may be more sensitive
to variations in the assumed velocity distribution of the
DM particles.
The parameter fout was calculated by Ref. [1] by

simulating the capture of DM particles by the Sun via
inelastic scattering. Here we interpolate the values of fout
as a function of " shown in Fig. 4 of that work, which
were calculated for m! = 1TeV. Those authors note
that the dependence on m! is weak for the mass range
of interest, thus we adopt the values of fout determined
by [1] for m! = 1TeV for all masses considered. We
caution that the calculation of fout is subject to severe
uncertainties, and a detailed study beyond the scope of
this work is needed to more robustly estimate the value
of this parameter. In particular, we note that fout varies
by more than an order of magnitude over the range of "
values considered in this study, and we therefore stress
that the calculation of fout introduces uncertainties in
the derived scattering cross-section limits of at least a
factor of a few.
We calculate the flux of CREs from annihilation of DM

in this scenario as a function ofm! and $0 for three values
of the parameter ". We then derive constraints on the
m!-$0 parameter space by requiring that the predicted
flux of each DMmodel does not exceed the 95% CL upper
limits on solar CRE fluxes for a 30# ROI centered on the
Sun, again using the results derived in §III B. Since the
region from which the DM-induced flux originates in this
scenario is the angular extent of the Sun, the 30# ROI is
more than su#cient to encompass all of the DM signal.
The predicted flux is mono-energetic, however the

finite energy resolution of the LAT will result in the
observed events being assigned to more than one energy

60"
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The transformation between the CM angle and lab angle
is given by [37]

!

!

!

!

d cos !cm
d cos !lab

!

!

!

!

=
["2

cl(#+ cos !cm)2 + sin2 !cm]3/2

|"cl(1 + # cos !cm)|
, (25)

with "cl = "($cl) and # = $cl/$jc. The lab and detector
angles are related by

!lab = !det + sin!1

"

R sin !det
r

#

, (26)

which gives

d cos !lab
d cos !det

=
(|D" !R cos(!det)|+R cos(!det))2

r|D" !R cos(!det)|
. (27)

The delta function in Eq. 21 enforces that the energy
observed at the detector is equal to the energy of the
emitted e± boosted to the lab frame,

E(!cm) =
1

2
"clm!(1 + $cl cos !cm). (28)

Note that because the energy in the lab frame depends
only on !cm, and because !lab is determined by !cm,
fixing Edet corresponds to selecting only CREs emitted
at the corresponding !lab. For a specified !det, the !lab of
particles observed along the line-of-sight R varies, hence
the observed energy of CREs emitted from a point along
the line-of-sight is a function of R, i.e., Edet(R). We
rewrite the delta function in Eq. 21 as the composition

%(Edet ! E(R)) =
%(R !R0)

dE

dR
(R0)

(29)

and then perform the integration over R. The parameter
R0 is the value of R along the line-of-sight in the direction
!det where !lab takes the value required to generate CREs
with a given Edet.
We evaluate the CRE flux within a ROI of 30# centered

on the Sun, and fix the value of m! = 1GeV. We
calculate limits for three values of the decay length
L = 5AU, 1AU, and 0.1AU. Decreasing L increases
the observed CRE flux by condensing the region within
which most & decay. However, we emphasize that even
for as large a decay length as L = 5AU, the signal
in the energy range used in this analysis is strongly
peaked in the direction of the Sun and extends only a
few degrees at most. Since the & in this scenario are
relativistic, in the lab frame the emitted e± are boosted
along the direction the & is moving, and so only & exiting
the Sun very close to the direction of the detector will
produce decay products with large enough !lab to reach
the detector. In particular, for the e± to have su!cient
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FIG. 6: Constraints on DM annihilation to e+e! via an
intermediate state, from solar CRE flux upper limits. Solar
capture of DM is assumed to take place via spin-independent
scattering. The constraints obtained for three values of the
decay length L of the intermediate state are shown. Models
above the curves exceed the solar CRE flux upper limit at
95% CL for a 30" ROI centered on the Sun.
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FIG. 7: Constraints on DM parameters for annihilation to
e+e! via an intermediate state as in Fig. 6, except assuming
solar capture by spin-dependent scattering.

energy to fall within the energy range of this analysis,
a significant fraction of the & energy must be deposited
into the e± that reach the detector. This only occurs
for e± emitted with very small !lab. This also leads
to an energy dependence of the angular signal: for a
given DM scenario, the angular extent of the flux at
high energies is smaller than at lower energies. We note
that decreasing m! for a fixed m" narrows the angular
extent of the signal, and therefore has little impact on our
results. We confirmed that for m! as large as 10GeV,
the cross-section limits vary negligibly except for a slight
weakening of the limit at the lowest end of the m" range
considered here.

strongly excludes iDM 
explanation for DAMA/LIBRA – 
CDMS inconsistency for m>70 
GeV and annihilation to e+e- 

Intermediate state " e+e- constraints 



Inner Galaxy 

•  "Lasciate ogne 
speranza, voi 
ch'intrate” – Dante 
Alighieri 

•  “If you’re going 
through hell, KEEP 
GOING!”  - Winston 
Churchill (emphasis added) 



Inner Galaxy 

          Troy A. Porter,  Stanford University                                                                               Fermi Symposium 3, Rome, May  2011

  Disentangling the Many Sources of Gamma-
Ray Emission is Challenging ...

Inner

Outer

The emission from the inner Galaxy 
consists of a number of components:

Outer Galaxy

True inner Galaxy

Point sources

Unresolved sources

Diffuse gamma rays produced 

by cosmic rays interacting with 

the interstellar gas and radiation 

fields 

http://galprop.stanford.edu

Use galprop cosmic ray 

propagation/diffuse emission 

code

          Troy A. Porter,  Stanford University                                                                               Fermi Symposium 3, Rome, May  2011

  

Subtraction of the Diffuse Emission
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Residual Emission for 15°x15° about GC

Galactic longitude (deg)

 Bright excesses remain after model subtraction  

Point-sources after likelihood overlaid on diffuse residual
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PSF > 1 GeV

          Troy A. Porter,  Stanford University                                                                               Fermi Symposium 3, Rome, May  2011

  

Summary

The majority of the diffuse emission is removed using a 

physically-motivated model based on GALPROP

Peaks in residual emission consistent with known 

sources

Work in progress to characterise the low-level residual 

structures and point sources 

Forthcoming paper(s) will describe the method and 

results in detail



Data are Public 

axXiv:1106.0768v1 
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Figure 10: The !2 functions along the CMSSM WMAP strips as functions of m1/2 for
tan " = 10 (left panels) and tan " = 55 (right panels), in the coannihilation and funnel
regions (upper panels) and in the focus-point region (lower panels). In each panel, we display
the !2 function for the background alone, a horizontal line at !2 = 31.1, and the !2 function
obtained by adding the calculated !! ! annihilation signal in the current (approximately 2
1/2 year) Fermi data sample and in projected 5- and 10-year data sets. Solid (blue) curves
are based on an NFW profile, while dashed (red) curves are based on an Einasto profile.
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Galactic-Centre Gamma Rays in CMSSM Dark Matter Scenarios

John Ellis1,2, Keith A. Olive3 and Vassilis C. Spanos4

1TH Division, Physics Department, CERN, CH-1211 Geneva 23, Switzerland
2Theoretical Particle Physics and Cosmology Group, Physics Department,

King’s College London, London WC2R 2LS, UK
3William I. Fine Theoretical Physics Institute & Department of Physics,

University of Minnesota, Minneapolis, MN 55455, USA
4Institute of Nuclear Physics, NCSR “Demokritos”, GR-15310 Athens, Greece

Abstract

We study the production of ! rays via LSP annihilations in the core of the Galaxy as a possible

experimental signature of the constrained minimal supersymmetric extension of the Standard Model

(CMSSM), in which supersymmetry-breaking parameters are assumed to be universal at the GUT

scale, assuming also that the LSP is the lightest neutralino ". The part of the CMSSM parameter

space that is compatible with the measured astrophysical density of cold dark matter is known

to include a #̃1 ! " coannihilation strip, a focus-point strip where " has an enhanced Higgsino

component, and a funnel at large tan $ where the annihilation rate is enhanced by the poles of

nearby heavy MSSM Higgs bosons, A/H. We calculate the total annihilation rates, the fractions

of annihilations into di!erent Standard Model final states and the resulting fluxes of ! rays for

CMSSM scenarios along these strips. We observe that typical annihilation rates are much smaller

in the coannihilation strip for tan $ = 10 than along the focus-point strip or for tan $ = 55, and that

the annihilation branching ratios di!er greatly between the di!erent dark matter strips. Whereas

the current Fermi-LAT data are not sensitive to any of the CMSSM scenarios studied, and the

calculated !-ray fluxes are probably unobservably low along the coannihilation strip for tan $ = 10,

we find that substantial portions of the focus-point strips and rapid-annihilation funnel regions

could be pressured by several more years of Fermi-LAT data, if understanding of the astrophysical

background and/or systematic uncertainties can be improved in parallel.

June 2011

analogous measurement [56]. In any case, the isotropic component is subdominant in our

analysis.

On the other hand, resolved point sources (RPS) provide an important part of the pho-

ton background from the direction of the GC. We use the first 11-month Fermi-LAT cata-

logue [13], which contains 1451 point sources modelled in the energy range 100 MeV to 100

GeV. The gamma flux of each point source is taken to obey a simple power law.

In order to evaluate the possible constraints imposed on the CMSSM parameter space by

the latest Fermi-LAT data [12], we estimate the background using the Fermi-LAT Science

Tools [57]. In our analysis, we use data collected by Fermi-LAT between Aug 4, 2008 and

April 29, 2011, making a selection based on the recommendations of the collaboration. We

focus our analysis in the energy range 300 MeV to 300 GeV, dividing it in 25 bins spaced

evenly on a logarithmic scale. We have studied various windows around the GC in the

range 1–10 degrees, but we choose as the basic region-of-interest (ROI) of our analysis the

7-degree window centred at the position of the brightest source in the GC: RA = 266.460,

Dec = !28.970, as in [15]. Note however, that our conclusions are not overly sensitive to

this choice of window size.

Fig. 6 displays the various background components obtained using the Science Tools [57],

along with the data collected during the aforementioned period. The error bars attached

to the data represent the purely statistical errors. We have performed a binned likelihood

analysis using the gtlike tool, including in the background model file used in the fit 1) the

galactic di!use model, 2) the isotropic spectral template, and 3) the point sources, all as

provided by the collaboration. Concerning the point sources, we have included additional

RPS from the vicinity of the ROI, that possibly can contribute to the observed counts.

In Fig. 7 we plot the residuals in each of the 25 bins in the range 300 MeV to 300 GeV,

i.e., the di!erence (counts !model)/model, where in this case “model” includes just the

background sources. The shaded area represents the uncertainty in the e!ective area of the

detector. As discussed in [15], the systematic uncertainty in the e!ective area of the LAT is

currently estimated as 10% at 100 MeV, decreasing to 5% at 560 MeV, and then increasing

to 20% at 10 GeV. As suggested by in [15], we assume that this uncertainty propagates to

the model predictions. With the systematic uncertainty included, we find !2 = 31.1 for 25

degrees of freedom, corresponding to a p-value of 19%.

15



11/15/10 1:11 PMAt Milky Way’s Center, Scientists Find Big Bubbles of Energy - NYTimes.com

Page 1 of 3http://www.nytimes.com/2010/11/10/science/space/10galaxy.html?_r=1&ref=science

Search All NYTimes.com
 

Bubbles of Energy Are Found in Galaxy

NASA's Goddard Space Flight  Center

From end to end, the newly discovered gamma-ray bubbles extend 50,000 light-years, or about half of the Milky Way’s
diameter, as shown in this illustration.

By DENNIS OVERBYE
Published: November 9, 2010

Something big is going on at the center of the galaxy, and

astronomers are happy to say they don’t know what it is.

A group of scientists working with data from NASA’s Fermi Gamma-

Ray Space Telescope said Tuesday that they had discovered two

bubbles of energy erupting from the center of the Milky Way galaxy.

The bubbles, they said at a news conference and in a paper to be

published Wednesday in The Astrophysical Journal, extend 25,000

light years up and down from each side of the galaxy and contain

the energy equivalent to 100,000 supernova explosions.

“They’re big,” said Doug Finkbeiner of the Harvard-Smithsonian

Center for Astrophysics, leader of the team that discovered them.

The source of the bubbles is a mystery. One possibility is that they are fueled by a wave

of star births and deaths at the center of the galaxy. Another option is a gigantic belch

from the black hole known to reside, like Jabba the Hutt, at the center of the Milky Way.

What it is apparently not is dark matter, the mysterious something that astronomers say

makes up a quarter of the universe and holds galaxies together.

“Wow,” said David Spergel, an astrophysicist at Princeton who was not involved in the

work.

“And we think we know a lot about our own galaxy,” Dr. Spergel added, noting that the

bubbles were almost as big as the galaxy and yet unsuspected until now.

Jon Morse, head of astrophysics at NASA headquarters, said, “This shows again that the
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Lobes: The Path Forward 

So far: there appear to be a pair of giant (50 degree 
high) gamma-ray bubbles at 1-5 GeV, and probably 
up to at least 50 GeV. 

What are they? 

Black hole “burp” 

Superwind bubble? 

Dark matter? (Dobler et al arXiv:1102.5095) 

8, 

X
-ray 

X
-ray 

Galactic disk 

Galactic wind? 

WMAP haze 

B field 

jet 

8.5 kpc 
Sun 

65"

!   Continue observation of Fermi 

!   XMM-Newton data coming soon 

!    The eROSITA and Planck experiments will provide 
improved measurements of the X-rays and microwaves, 
respectively, associated with the Fermi  bubbles 

!   Magnetic field structure of the bubbles 

!   Study of the origin and evolution of the bubbles also has the 
potential to improve our understanding of recent energetic 
events in the inner Galaxy and the high-latitude cosmic ray 
population. 

Meng Su talk 



University of Alabama 
 in Huntsville 

NASA 
Marshall Space Flight Center 

Max-Planck-Institut für  
extraterrestrische Physik 

National Space Science & Technology Center 

Bill Paciesas (PI) 
Jochen Greiner (Co-PI) 

GBM Collaboration 

66"



  Liz Hays                         Fermi Symposium May 9, 2011                                      15 

•  Nov 9, 2009 - add new TGF trigger 
•  TGF trigger rate increased by factor of ~10 to 1 per 3.7 days 

(see talk by S. Foley) 
•  Feb/Mar 2011 - solar activity (see talk by Y. Tanaka)"

67"



GRB: what do we see? 

68"See http://fermi.gsfc.nasa.gov/ssc/resources/observations/grbs/grb_table/ 



QG-Related Limits from GRB 090510 

69"

Published in Nature, vol 462, p331 (plus 
comment on p291) 

…with the assumption that the 
HE photons are not emitted 
before the LE photons. 

also see, e.g., Ellis, Mavromatos, and 

Nanopoulos arXiv:0901.4052 / 

Phys.Lett. B674 (2009) 83-86 and 

Amelino-Camelia, Ellis, Mavromatos, 

Nanopoulos and Sarkar, Nature 393, 763 

(1998).  



EBL Constraints 
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Fig. 2.— Highest-energy photons from blazars and GRBs from di!erent redshifts. Pre-

dictions of !! opacity "!! = 1 (top panel) and "!! = 3 (bottom panel) from various EBL
models are indicated by lines. Photons above model predictions in this figure traverse an

EBL medium with a high !-ray opacity. The likelihood of detecting such photon considering
the spectral characteristics of the source are considered in the method presented in section

3.2.1.

– 24 –

HEP method applied to Stecker 06 HEP Rejection
Source z Energy (GeV) Pbkg PHEP Prejection Significance

J1147-3812 1.05 73.7 7.0! 10!4 1.2! 10!4 8.1! 10!4 3.2 !

J1504+1029 1.84 48.9 5.6! 10!3 6.7! 10!5 5.7! 10!3

35.1 9.8! 10!3 6.8! 10!3 1.7! 10!2

23.2 5.6! 10!3 1.8! 10!1 1.9! 10!1

Combined Prej = 1.7! 10!5 4.1 !

J0808-0751 1.84 46.8 1.5! 10!3 1.9! 10!4 1.7! 10!3

33.1 2.7! 10!3 3.7! 10!3 6.4! 10!3

20.6 6.9! 10!3 2.5! 10!1 2.6! 10!1

Combined Prej = 2.8! 10!6 4.5 !

J1016+0513 1.71 43.3 1.1! 10!3 5.4! 10!4 1.6! 10!3

16.8 8.2! 10!3 4.9! 10!1 4.9! 10!1

16.1 8.2! 10!3 6.5! 10!1 6.5! 10!1

Combined Prej = 5.3! 10!4 3.3 !

J0229-3643 2.11 31.9 1.7! 10!3 8.9! 10!5 1.8! 10!3 2.9 !

GRB 090902B 1.82 33.4 2! 10!6 2.0! 10!4 2.0! 10!4 3.7 !

GRB 080916C 4.24 13.2 8! 10!8 6.5! 10!4 6.5! 10!4 3.4 !

Table 4: Listed are the significance of rejecting the “baseline” model (Stecker et al. (2006)),

calculated using the HEP method as described in Section 3.2.1. For completeness, we also
report individually the probability of the HEP to be a background event (Pbkg) and the

probability for this HEP not to be absorbed by the EBL if it were emitted by the source
(PHEP ). As explained in the text: Prejection = Pbkg+PHEP!(1"Pbkg). For those sources with
more than one constraining photon, the individual and combined Prejection are calculated.

The “fast evolution” model by Stecker et al. (2006) is more opaque and leads to an even
higher significance of rejection. Applying this method to less opaque models leads to no

hints of rejection since the probability PHEP is large in those cases (e.g. ! 0.1 for the
Franceschini et al. (2008) EBL model). Note that a log parabola model was used as the

intrinsic model for source J1504+1029 since evidence of curvature is observed here even
below 10 GeV (see Table 2).

arXiv:1005.0996 



Primack et al 

No significant attenuation below ~10 GeV. 

A dominant factor in EBL models is the star 
formation rate -- attenuation measurements 
can help distinguish models. 

Photons with E>10 GeV are attenuated by the diffuse field of UV-
Optical-IR extragalactic background light (EBL) 

An Important Energy Band 

EBL over cosmological distances 
is probed by gammas in the 10-100 
GeV range.  

In contrast, the TeV-IR attenuation 
results in a flux that may be limited 
to more local (or much brighter) 
sources. 

only e-τ of the original 
source flux reaches us 
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The Sun is Waking Up! 

       SUMMARY 

The M2-class solar flare, SOL2010-06-12T00:57, was 
modest in many respects yet exhibited remarkable 
acceleration of energetic particles. 

The flare produced an ~50 s impulsive burst of hard X-and 
gamma-ray emission up to at least 400 MeV. 

The gamma-ray line fluence from this flare was about ten 
times higher than that typically observed from this modest 
class of X-ray flare. 

Analysis of the combined nuclear line and high-energy 
gamma-ray emissions suggests that the accelerated proton 
spectrum at the Sun softened from a power-law index of 
~-3.2 between ~5-50 MeV, to ~-4.5 between ~50-300 MeV, 
to one softer than ~-4.5  >300 MeV  (Preliminary).  

•  Sigificance map (so-called TS map) was produced for the LAT data 
accumulated during the whole duration 

•  Green lines show the 1sigma, 2sigma, 3sigma contours 
•  The LAT HE photons came from the North-western part of the Sun, from 

where M3.7 flare was emitted (active region 11164) 10 

Solar disk�

SDO/193A image 

G. Share talk 

•  Fermi-LAT detected the longest HE emission from the Sun following 
the 2011 March 7 flare. The duration was ~12 hours. 

•  The LAT emission came from the North-West part of the Sun, from 
where the M3.7 flare is emitted 

•  The LAT spectrum showed clear turnover around 200 MeV, 
suggesting that pion decay is promising 

•  The March 7 flare is associated with a fast CME of 2200 km/s  

•  We considered three possible scenarios which might explain the long-
lived LAT emission 

•  Further quantitative discussion is ongoing, and paper is now being 
prepared 
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Y. Tanaka talk 
Also see J. Ryan overview talk 



Looking Ahead 

•  Many further improvements in instrument 
performance in progress 
–  Event reconstruction and choices of event selection 

“knobs” all determine instrument performance.  For 
stability, standard event class definitions established with 
IRFs. 

–  Data were released with Pass6.   
•  Some known issues, described in Caveats on FSSC site and in 

LAT papers, addressed with patch to IRFs.  
•  Longer-term: Pass7 and Pass8 to address the remaining issues. 

–  Pass7 released 
»  Improved standard photon classes 
»  Event analysis taking into account “ghost” events  

•  Working closely with FSSC on ease of use for user community. 
–  Exciting progress on Pass8, expected to be the ultimate 

version. 
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http://fermi.gsfc.nasa.gov/ssc/data/analysis/LAT_caveats.html 



Final Thoughts 
•  Fermi would not have been possible without great 

international and multicultural cooperation! 
•  Cultural differences among communities are not 

necessarily impediments, but rather reinforcing 
capabilities enabling important new opportunities.  
We’re lucky to have each other! 

•  Great leaps in capabilities have broad impacts, e.g., 
–  Sloan Dwarf Spheroidal galaxies discoveries opening new 

opportunities for DM signal searches. 
–  Fermi all-sky sensitivity => millisecond pulsars for use by 

Nanograv for gravitational wave searches 
–  … 

•  Great leaps in measurement capabilities demand 
new analysis approaches and new theory. 

•  What a wonderful time – so much great data and 
new results! 
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Thank you, John! 
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Summary 
•  Fermi is off to a great start!  

–  The gamma-ray sky is keeping its promise.  Great 
cooperation across the whole international team. 

•  Already addressing many important questions from 
EGRET era and moving beyond 
–  new analysis techniques and approaches are essential -- 

new topics!  The look ahead. 
–  the challenge of great discovery potential 
–  the transformational all-sky capability is paying off! 

•  Multiwavelength observations are key to many 
science topics for Fermi. 

•  LAT collaboration has numerous MOUs and other cooperative 
agreements with other observatories. 

•  For campaigners’ information and coordination, see 
http://fermi.gsfc.nasa.gov/science/multi 

 
•  JOIN THE FUN! 
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Sign up for newsletters: 
http://fermi.gsfc.nasa.gov/
ssc/resources/newsletter/ 


