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Across the EM Spectrum
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WMAP CMB - 5 year Map

Crab Nebula:  Supernova remanent with
a pulsar, approximately 6,500 ly from
earth.  SN recorded by Chinese 1054

Fermi LAT 1-year sky survey
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Gamma Rays

3

Opacity (Salamon & Stecker, 1998) 

No significant attenuation below ~10 GeV. 

opaque 

• Shortest Wavelengths in EM
  Spectrum        Highest Energy.

★ Energies from 100’s keV and higher
★ Probe the most energetic phenomena:

✦  Active Galactic Nuclei
✦  Supernova Remnants 
✦  Pulsars 
✦  Gamma-Ray Bursts

• Point Back to source
• Detect 1 at a time.

★ More “particle-like” 

• Universe transparent...to a point
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Where to go?
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NASA Image
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Space vs Ground Based
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Atmosphere:! !!

• Space Based Observations
★ Energy:   100’s keV  -- 100’s GeV
★ Satellites.

• Ground Based Observations
★ Energy:   > 100’s GeV (Esp. > 1 TeV)
★ Use the Atmosphere as a detector
★ Detect Čerenkov Light from shower.

VERITASHAWC
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Space based observatories
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Vela Series
   1960’s
3 - 750 keV

COS-B
1975 - 1982

2 keV - 5 GeV

Compton Gamma-Ray Observatory
1991 - 2000

Fermi Gamma Ray Space Telescope
   2008 -  ?

COS-B
   1975 - 1982

COS-B
   1975 - 1982

SAS-2
1975 - 1982

20 MeV - 1 GeV
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Fermi Telescope
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Fermi Telescope
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~1.8 m

~1 m
Large Area Telescope (LAT)
   * High Energy Gamma Rays
   * 20 MeV > E > ~300 GeV
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Fermi Telescope
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~1.8 m

~1 m
Large Area Telescope (LAT)
   * High Energy Gamma Rays
   * 20 MeV > E > ~300 GeV

Spacecraft
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Fermi Telescope
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~1.8 m

~1 m
Large Area Telescope (LAT)
   * High Energy Gamma Rays
   * 20 MeV > E > ~300 GeV

Spacecraft

Gamma-Ray Burst Monitor
    * GRB Detection.
    *  10 keV < E < 40 MeV
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Detection Strategy
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LAT Sensitivity

γ

e+ e–  Calorimeter  
 (energy measurement)

Particle Tracking 
Detectors

Conversion Foil

Anticoincidence
Detector (background) 

Pair-Conversion Telescope

• High Energy Gamma tend to pair produce
• LAT Energy Range:  20 MeV -- ~300 GeV
• GBM: 8 keV --  40 MeV

GBM Sensitivity

         1            10         100           1000
                          E (MeV)

         Pair Conversion Approach 
•Veto Charge Particle Background
• Make gamma convert.
• Reconstruct directions of e+ e-
• Measure Energy e+  e-
• Reconstruct original direction and 
   Energy of gamma.
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Fermi Large Area Telescope (LAT) 

e+ e–

γ
1.8 m

1.0 m
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Fermi Large Area Telescope (LAT) 

e+ e–

γ
1.8 m

1.0 m

Anti-Coincidence Detector
Ø4% R.L.
Ø89 scintillating tiles
Øefficiency (>0.9997) for MIPs
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Trigger
ØOverall HW Trigger Rate ~few KHz 
ØSoftware Filters Reduce Rate
ØDownlink:  ~400-500 Hz 
ØRate after Ground Cuts:  ~few Hz
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Views from the Beach
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Launch of Fermi
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• Very Successful Launch!
• Orbit:

★ Altitude: 565 km
★ Inclination: 25.6 deg
★ Period: ~90 min

• Turn off through SAA
• Lifetime: 5 years min.

★ No expendable 

June 11, 2008
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Operational Modes
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• Sky Survey Mode
★ Typical Mode of operation
★ View full sky every 2 orbits
★ “Rocking” Mode (up/down)

• Targets of Opportunity
★Autonomous Repoint (GRBs)
★Slew to keep ToO in FOV
★Later years: ToO Proposals

LAT: Wide Field of View  ~2.4 sr

GBM: See almost all of the sky 
           not occulted by the earth

Tuesday, April 26, 2011
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On orbit rates in nominal configuration

✦ Overall trigger rate: ~few KHz
ü Substantial variations due to 
orbital effects

✦ Downlink rate: ~400—500 Hz
ü ~90% from GAMMA filter
ü ~20—30 Hz from DGN filter
ü ~5 Hz from HIP filter

✦ Rate of photons after the 
standard background rejection cuts 
for source study: ~1 Hz
✓ Most of the downlinked events 
are in fact background, final 100:1 
rejection is done in ground 
processing.

Trigger

Sent to ground

“source” γ selection

~1.5 hours

1.2 Hz

500 Hz

2500 Hz

14

Note: Rates from Early Running
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LAT Gamma Candidate Events
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Detector Performance
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Energy Resolution at 
Normal Incidence

multiple scattering 
dominates

Finite pitch of Si 
strips

Point Spread Function

1 GeV

Heavy Ion 
Cosmic Rays!

1 GeV

1 GeV
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The Gamma Ray Sky

17
Tuesday, April 26, 2011



Brian L Winer University of Pennsylvania      Apr 26, 2011

The Gamma Ray Sky
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All Sky First Light Data:             Few Days of Data
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The Gamma Ray Sky
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All Sky First Light Data:             Few Days of Data
 
All Sky View:                        First Year of Data
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• 87 day animation, starting August 4
• pixel size 0.5 deg in center
• |b|>1.0

Animation of 3 month Data Set

18
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The Earth, the Sun, and the Moon
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The Earth is the brightest gamma ray source in the sky.

Both the Sun and 
the Moon 
“shine” in  

gamma-rays.
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Features of the Sky
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Features of the Sky
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Features of the Sky
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Sources:
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Features of the Sky
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Sources:
- Galactic and Extra-Galactic
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Features of the Sky
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Sources:
- Galactic and Extra-Galactic
-“Constant”
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Features of the Sky
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Sources:
- Galactic and Extra-Galactic
-“Constant”
-Variable 
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Features of the Sky

20

Sources:
- Galactic and Extra-Galactic
-“Constant”
-Variable 

-Regularity (Pulsars)
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Features of the Sky
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Sources:
- Galactic and Extra-Galactic
-“Constant”
-Variable 

-Regularity (Pulsars)
-Flaring (AGN)
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Features of the Sky
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Sources:
- Galactic and Extra-Galactic
-“Constant”
-Variable 

-Regularity (Pulsars)
-Flaring (AGN)

-Transient: 
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Features of the Sky

20

Sources:
- Galactic and Extra-Galactic
-“Constant”
-Variable 

-Regularity (Pulsars)
-Flaring (AGN)

-Transient: 
-One time events  (GRBs)
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Features of the Sky

20

Sources:
- Galactic and Extra-Galactic
-“Constant”
-Variable 

-Regularity (Pulsars)
-Flaring (AGN)

-Transient: 
-One time events  (GRBs) !
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Fermi Source Catalog: 1FGL 1451 Sources: 11 months data
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Features of the Sky

20

Sources:
- Galactic and Extra-Galactic
-“Constant”
-Variable 

-Regularity (Pulsars)
-Flaring (AGN)

-Transient: 
-One time events  (GRBs)

Diffuse Emission:
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Features of the Sky
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Sources:
- Galactic and Extra-Galactic
-“Constant”
-Variable 

-Regularity (Pulsars)
-Flaring (AGN)

-Transient: 
-One time events  (GRBs)

Diffuse Emission:
- Galactic and Extra-Galactic
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Features of the Sky
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Sources:
- Galactic and Extra-Galactic
-“Constant”
-Variable 

-Regularity (Pulsars)
-Flaring (AGN)
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Diffuse Emission:
- Galactic and Extra-Galactic
- Cosmic-ray Interaction with
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Features of the Sky

20

Sources:
- Galactic and Extra-Galactic
-“Constant”
-Variable 

-Regularity (Pulsars)
-Flaring (AGN)

-Transient: 
-One time events  (GRBs)

Diffuse Emission:
- Galactic and Extra-Galactic
- Cosmic-ray Interaction with

- material (dust, gas)
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Features of the Sky
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Sources:
- Galactic and Extra-Galactic
-“Constant”
-Variable 

-Regularity (Pulsars)
-Flaring (AGN)

-Transient: 
-One time events  (GRBs)

Diffuse Emission:
- Galactic and Extra-Galactic
- Cosmic-ray Interaction with

- material (dust, gas)
- interstellar radiation field 
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Features of the Sky

20

Sources:
- Galactic and Extra-Galactic
-“Constant”
-Variable 

-Regularity (Pulsars)
-Flaring (AGN)

-Transient: 
-One time events  (GRBs)

Diffuse Emission:
- Galactic and Extra-Galactic
- Cosmic-ray Interaction with

- material (dust, gas)
- interstellar radiation field 

- Dark Matter Annihilation or 
decay???
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Fermi Science 

0.01 GeV                  0.1 GeV                  1 GeV                   10 GeV                  100 GeV                  1 TeV
Gamma Ray Bursts

Unidentified 
sources

Cosmic ray 
acceleration

Active Galactic Nuclei

Dark matter

Solar flares

Pulsars

Quantum Gravity?

Preliminary

21
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The Dark Side...

22
Chandra/Hubble

Bullet Cluster

www4.nau.edu/

• The universe seems to be composed 
of ~23% dark matter.

• Candidate: 
  Weakly Interacting Massive Particle

• WIMP might decay or self-annihilate
• Could lead to gamma-rays. 

Coma Cluster Fritz Zwicky
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WIMP Annihilation

Antimatter

MWIMP Total# γ >100MeV >1GeV >10GeV

10 GeV 17.3 12.6 1.0 0
100GeV 24.5 22.5 12.4 1.0
1TeV 31.0 29.3 22.4 12.3

Gamma ray yield per final state bb

WIMP pair annihilation 
gamma spectrum

200GeV 
mass WIMP

23
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Predicting the DM Signal
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Targets in the DM Sky

25

Milky Way Halo simulated by Taylor & Babul (2005)

All-sky map of DM gamma ray emission (Baltz 2006)
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Targets in the DM Sky

25

Milky Way Halo simulated by Taylor & Babul (2005)

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

Galactic Center:
  - Large Statistics
  - Complicated by 
     Astrophysical Sources

Tuesday, April 26, 2011



Brian L Winer University of Pennsylvania      Apr 26, 2011

Targets in the DM Sky

25

Milky Way Halo simulated by Taylor & Babul (2005)

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

Galactic Center:
  - Large Statistics
  - Complicated by 
     Astrophysical Sources

Nearby Galaxies:
  - dSph DM Enriched
  - Known location
  - Lower Statistics
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Targets in the DM Sky

25

Milky Way Halo simulated by Taylor & Babul (2005)

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

Galactic Center:
  - Large Statistics
  - Complicated by 
     Astrophysical Sources

DM Clumps in the Halo:
  - Few Astro. Bkg
  - Complicated by low
    statistics, unknown loc

Nearby Galaxies:
  - dSph DM Enriched
  - Known location
  - Lower Statistics
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Targets in the DM Sky

25

Milky Way Halo simulated by Taylor & Babul (2005)

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

Galactic Center:
  - Large Statistics
  - Complicated by 
     Astrophysical Sources

DM Clumps in the Halo:
  - Few Astro. Bkg
  - Complicated by low
    statistics, unknown loc

Nearby Galaxies:
  - dSph DM Enriched
  - Known location
  - Lower Statistics

Galactic Halo:
  - Large Statistics
  - Complicated by diffuse
    ϒ-rays from Cosmic Rays
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Targets in the DM Sky

25

Milky Way Halo simulated by Taylor & Babul (2005)

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

Galactic Center:
  - Large Statistics
  - Complicated by 
     Astrophysical Sources

DM Clumps in the Halo:
  - Few Astro. Bkg
  - Complicated by low
    statistics, unknown loc

Nearby Galaxies:
  - dSph DM Enriched
  - Known location
  - Lower Statistics

Galactic Halo:
  - Large Statistics
  - Complicated by diffuse
    ϒ-rays from Cosmic Rays

Spectral Lines:
  - Smoking Gun
  - Small Stat.
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Targets in the DM Sky

25

Milky Way Halo simulated by Taylor & Babul (2005)

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

Galactic Center:
  - Large Statistics
  - Complicated by 
     Astrophysical Sources

DM Clumps in the Halo:
  - Few Astro. Bkg
  - Complicated by low
    statistics, unknown loc

Nearby Galaxies:
  - dSph DM Enriched
  - Known location
  - Lower Statistics

Galactic Halo:
  - Large Statistics
  - Complicated by diffuse
    ϒ-rays from Cosmic Rays

Spectral Lines:
  - Smoking Gun
  - Small Stat.

Electrons:
  - Good Stats.
  - Challenge:
      Backgrounds
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Targets in the DM Sky

25

Milky Way Halo simulated by Taylor & Babul (2005)

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

Galactic Center:
  - Large Statistics
  - Complicated by 
     Astrophysical Sources

DM Clumps in the Halo:
  - Few Astro. Bkg
  - Complicated by low
    statistics, unknown loc

Nearby Galaxies:
  - dSph DM Enriched
  - Known location
  - Lower Statistics

Galactic Halo:
  - Large Statistics
  - Complicated by diffuse
    ϒ-rays from Cosmic Rays

Extragalactic:
  - All galaxies
  - Isotropic

Spectral Lines:
  - Smoking Gun
  - Small Stat.

Electrons:
  - Good Stats.
  - Challenge:
      Backgrounds
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The Full Gamma-Ray Sky
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All Sky View:                        First Year Data

Challenge: Need to account for all the gamma-rays from non-DM sources
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Diffuse Gamma-Ray Background
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Strong et al, ScienceWatch.comModel:   GALPROP
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Galactic Center

28

GC

l Highest Flux of   γ-rays from DM
l Challenge: Understand Astrophysical Bkgs

★ Source confusion
★ Energetic Sources
★ Diffuse Emission along line of sight.

l Analysis Approach: (arXiv 0912.3828)
★ 7 x 7 region around GC
★ 11 months of data (front converting)
★ E>400 MeV  
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Galactic Center

28

GC

l Highest Flux of   γ-rays from DM
l Challenge: Understand Astrophysical Bkgs

★ Source confusion
★ Energetic Sources
★ Diffuse Emission along line of sight.

l Analysis Approach: (arXiv 0912.3828)
★ 7 x 7 region around GC
★ 11 months of data (front converting)
★ E>400 MeV  

1 GeV 10 GeV

Preliminary

There are considerable systematic 
uncertainties and potential detector effects 
in the energy range 1-10 GeV.  A LAT task 
force is in the process of mitigating and 
quantifying them. 
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Dwarf Spheroidal (dSph) Galaxies

29

• dSphs are excellent DM targets of opportunity.
★ N-Body DM Simulation predicts large clumps that support star formation.
★ Very high Mass/Light Ratio (Dark Matter dominated)
★ Low content of gas and dust (low astrophysical gamma-ray sources)
★ Many close by (<100 kpc)

• Consider the 14 targets for Fermi (e.g. high gal. lat.)

• 11 month data set
• 100 MeV < E < 50 GeV
• dSph will be point-like.
• Backgrounds

★ Existing point-like 
sources
★ Galactic Diffuse 

arXiv preprint: 1001.4531
Astrophys. J. 712, 147 (2010)
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Limits from dSph Galaxies

30

l No excess of events was detected for 
any of the dSph.

l Set 95% CL upper limits on flux from 
the sample.

l For 8 of the 14, the flux limits are 
combined with DM density inferred 
from stellar data(*) to constrain dark 
matter models. 

l Beginning to constrain some models.
l Current work is focused on “stacking” 

the dSph galaxies to make use of 
their combined statistical power.

(*) stellar data from the Keck observatory (by Martinez, Bullock, Kaplinghat) 
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Searching for Dark Matter Gamma Ray Lines

• “Smoking Gun” Signal
• Expected Branching fraction Small

•  Typically 10-1 to 10-4

• Energy Resolution is key! 
• Instrument resolution ~10% at 100 GeV
• Scan energy (7-200 GeV) looking for a 

bump.

31

Points: data
red: total fit

Example fit for a 40 GeV line

background

signal

??

!

!

"

, Z, ..."

γγ → Eγ = MDM

γZ → Eγ = MDM −
M2

Z

4MDM

Final State

Final State

11 Month dataset Phys. Rev. Lett.104, 091302 (2010)
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Searching for Dark Matter Gamma Ray Lines

• 23 month data sample
• Signal Model is line smeared by LAT 

response function.
• Background is power-law fit to side-bands
• Search Region:

• |b|>10o and 20o x 20o around GC 
• Remove sources (|b|>1o).

32

Points: data
red: total fit

Example fit for a 40 GeV line

background

signal

11 Month dataset Phys. Rev. Lett.104, 091302 (2010)

Null Result,  set 95% CL  upper limits
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Points: data
red: total fit

Example fit for a 40 GeV line

background

signal

11 Month dataset Phys. Rev. Lett.104, 091302 (2010)

Null Result,  set 95% CL  upper limits
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Fermi detects more than just 
gamma-rays.

One of the best cosmic ray 
electron observatories
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Interesting Features of Cosmic Ray  Electrons

34

•Spectral Features:
★ ATIC excess around 600 GeV
★ H.E.S.S possible cutoff around 1 TeV

• Pamela shows excess in positron fraction
• Lots of interest soon after launch.
• Fermi LAT is an excellent electron/positron detector.

E (GeV) E (GeV)
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Electrons and Hadrons With Fermi

35

•LAT does not distinguish electrons from positrons
★ For what follows:  “electrons”  means both

• All events with   E > 20 GeV are sent to the ground.

Tuesday, April 26, 2011
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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
α " 2.5 above ∼ 4 GeV and a cutoff 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 α ∼ 1.5−2.0 be-
low ∼ 4 GeV and a modulation parameter in the range
Φ = 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 diffusion with spec-
tral index δ = 0.33 and diffusive reacceleration charac-
terized by an Alfven speed vA = 30 km/s; the halo height
was 4 kpc. Energy losses by inverse Compton scattering

Brian L Winer University of Pennsylvania      Apr 26, 2011

Resulting Fermi Electron Spectrum

36

l Fermi Data not compatible with prelaunch 
expectation.

★ Diffuse model can be modified.
★ Doesn’t account for positrons

l Excellent Statistics: 
l ~7.8M evts HE
★ ~124,000 evts LE

l No Evidence of 
prominent spectral 
feature seen by ATIC.

l Excess above 200 GeV
l Can explain this with an 

additional leptonic 
component with a hard 
spectrum.

l The data can 
accommodate a 
contribution from nearby 
sources (e.g. pulsars) or 
possible DM 
annihilations.

Phy Rev D82, 092004 (2010)
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Search for Anisotropies of CRE

37

l Expect CRE to be isotropic due to GMF.
l Perform search for Anisotropies for CRE

l E>60, 120, 240, 480 GeV
l Performed a power spectrum analysis
l No Anisotropies are observed.  

Expected Distribution for Isotropic Distribution

Observed Distribution
Deviation from  Expected

Phy Rev D82, 092003 (2010)
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Limits on Anisotropies of CRE

38
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l Perform a power spectrum analysis
l multipole moments consistent with white 

noise from isotropic distribution.
l Focus on dipole moment and place  limits 

as a function of lower energy bound.
l Compare with possible sources. 
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Gamma-ray Bursts

39

chandra.harvard.edu
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Gamma Ray Bursts

40

• Gamma Ray Bursts were seen 
with the earliest satellites.

• CGRO studies in detail.
• Isotropic --> Extragalactic

• redshift measurement 1997
• Very Energetic

• Beamed:  E ~ 1044 J
• Seem to be of two types

• Long/Short Duration.

www.daviddarling.info
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Gamma Ray Bursts

41

Observable Rate:  ~ 1/day by satellites
Estimate:     1/galaxy/million years
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Test of Fundamental Physics

42

l Quantum Gravity could distort space at 
very small scales.

l Some Quantum Gravity Models predict 
that this distortion of space could lead 
to:

★ Lorentz Invariance Violation (LIV)
★ a.k.a: speed of light that is not 

constant.
★ a.k.a: Speed that depends on 

wavelength (energy) of the light
l Very Small Effect...need:

★ Source with a short pulse
★ Emits light over a wide range of 

high energies
★ Very Far Away.

A Gamma Ray Burst with:
*A short emission time
*High and Low Energy Gamma Rays
*A measured Redshift (i.e. Distance)

Tuesday, April 26, 2011
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Basic Idea

43
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For Distant GRBs the 
delays can be sizable 
and easily measurable.
     Rough Numbers:
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GRB090510

44
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l GRB090510:  Short GRB w/ HE 
Photons

★ After glow measured
★ z = 0.903 +/- 0.003

l Short Pulses
★ Observed in the GBM and LAT

• High Energy Gamma 31 GeV
★ 1    Range:   27.97 - 36.32 GeV
★ Associated with GRB at 5

l Limits on QG:
★ Assume 1st Pulse:   
★ Analyze all HE:
★ Later Pulses:

ξ1 > 1.19

σ

σ

ξ1 > 1.2
ξ530ms
1 > 3.42

ξ630ms
1 > 5.12

ξ730ms
1 > 10.0
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GRB090510

44

0 0.5 1 1.5 2

Co
un

ts
/b

in

0

50

100

150

Co
un

ts
/s

0

5000

10000

15000

-0
.03

GBM NaIs

0 0.5 1 1.5 2

Co
un

ts
/b

in

0
50

100
150
200

Co
un

ts
/s

0
5000
10000
15000
20000GBM BGOs

Co
un

ts
/b

in

0

20

40

Co
un

ts
/s

0

2000

4000
LAT
(All events)

Co
un

ts
/b

in

0

2

4

Co
un

ts
/s

0

200

400
LAT
(> 100 MeV)

Time since GBM trigger (May 10, 2009, 00:22:59.97 UT) (s)
-0.5 0 0.5 1 1.5 2

Co
un

ts
/b

in

0

1

2

3

En
er

gy
 [G

eV
]

2
1

5
10
20LAT

(> 1 GeV)

0.6
3

0.7
3

En
er

gy
 (M

eV
)

10

210

310

410

(0.26–5 MeV)

(8–260 keV)

(a)

(b)

(c)

(d)

(e)

(f)

0.5
3

l GRB090510:  Short GRB w/ HE 
Photons

★ After glow measured
★ z = 0.903 +/- 0.003

l Short Pulses
★ Observed in the GBM and LAT

• High Energy Gamma 31 GeV
★ 1    Range:   27.97 - 36.32 GeV
★ Associated with GRB at 5

l Limits on QG:
★ Assume 1st Pulse:   
★ Analyze all HE:
★ Later Pulses:

ξ1 > 1.19

σ

σ

ξ1 > 1.2
ξ530ms
1 > 3.42

ξ630ms
1 > 5.12

ξ730ms
1 > 10.0

Conclusions:
* Strictest limits (n=1) ever placed on LIV by an order of 
    magnitude

* Most QG Models have have                                    .  Most 
     conservative limits give limits above the Planck Energy

MQG,n < MPlanck (ξn < 1.0)
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Summary

• Fermi has been working very well and carrying out a 
wide variety of astrophysical measurements. 

• Multi-pronged Searches for Dark Matter WIMPs
•  Number of challenging topics still under study. 

• Tests of fundamental physics (LIV)

• Fermi is a great detector of cosmic ray electrons/
positrons.

• We are ~2-3 years into a 5-10 year mission.

45
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Hopefully most exciting results still to come!
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