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Fermi 8 years intensity map - cartesian coordinates
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The Fermi y-ray sky
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Fermi Satellite Observes Billionth Gamma Ray with LAT 5 “pENC I £
Instrument

Spacecraft's Gamma-Ray Vision Provides Revolutionary Views of the Extreme Universe
By Manuel Gnida

Nay 10, 2017

Arier's concoption of Formi in orbit.
(NASA)

Anen astrophysicists mode the Miky
May e gamma-ray scurces deiected by
the LAT 1o the best of ther knowledgs,
they ar= left with an excess glow a! the
ga'actic conter. Signals like thesa coula bz
ielta'e signs cf hypoihetical dark mauer
particles. but they could also Fave other
cosmic origns. (NASA; A
Mellinger’Cen'ral Michigan University; !
The sky in gamma raye. Drag the handlc to compare the all sky maps of the LAT instrumont (loft) on the indennivarsity of Chicagn)

Fermi Gamma-ray Space Telescope ana the previous-gereration EGRET insfrument (nght) on the

Compton Gamma-ray Observataory. The LAT data reveal much more detail. (NASA)

https.//wwwé.slac.stanford.edu/news/2017-05-10-fermi-satellite-observes-billionth-gamma-ray-lat-instrument.aspx
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Gamma-ray skies
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building a visual collection of tag-based science

images as a high school traineeship program
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Mission timeline
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Extend operations through NASA Senior Reviews (SR)
Spring 2016 SR to confirm operations through 2018 and recommend
through 2020 - http://science.nasa.qgov/astrophysics/documents
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“* enhanced multi-messenger/wavelength opportunities

“* Fermi unique all-sky monitor in a broad energy range
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Fraction of defective channels

= Status of the LAT telescope

single TKR channel noise calibration
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» ~ATLAS Silicon tracker

stable performance

» +~2% noisy chans in 5 yrs

similar stability in ACD and CAL
» ~1% CAL aging in 2 yrs

~hrs/year spent in calibrations
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¢ larger energy range, higher acceptance, better resolution

% Pass 8 performance and data publicly released June 2015



Related ~armi Space Telescope
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Multi-Messenger and Multi-Wavelength Astrophysics

Time Domain Astronomy - Searches for Dark Matter - Particle Astrophysics

Fermi Senior Review Proposal 2016 - cover page

Themes - Physics
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= Science themes from the Sr Review
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HE Science themes

* Hard source catalogs
» 3FHL, arxiv.1702.00664, submitted to ApJS

<+ Extended sources
» 2017, ApJ, 843, 139

* Resolving the Galactic Center

» 2016, Apd, 819, 44, 2017, ApJ, 840, 43, arxiv.
1705.00009 (submitted to ApJ)

< Diffuse emission and CR propagation
» 2017, PRL 119, 031101



=" Fermi LAT HE Catalogs

nFGL Catalogs detect and characterize sources in the ~0.1-300 GeV energy range
nFHL Catalogs explore the higher-energy sky

3FHL

7 years (P8), 1720 sources

2FHL

1FHL 6.7 years (P8), 360 sources
3EGL 3 years, 514 sources

4 years, 3033 sources

AJ.LLL_I_I_A_LHJJJ__I__I_L.LLLLL_I_A_LMI__I_I_I.L.HL_
10 1 10 10° 10°
GeV
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Space Telescope

FHL associations

2FHL, E>50 GeV
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+ SNRszanc PWNe + BLLas
Pulsars < FERQs

Lnc. Blazars A Other GAL 7  Unassoaated
Other EGAL < Unknown ¢ Extenced

Galactic Unassociated

— 1556 sources (vs. 514 1FHL):
* 79% extragalactic, 8% Galactic sources,
13% unassociated (in 1FHL 13%)
— 48 extended sources (FGES paper, Ackermann et al. 2017)
- 1286 detected in 3FGL
— 476 detected in 1FHL
— 312 detected in 2FHL
— 133 detected by IACTs (TeVCat)
— 211 brand new sources (not in 1FHL/2FHL/3FGL/TeVCat)

3FHL

Many sources to hunt with CTA
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/== JFHL association for new sources

There are 214 sources that are not included in
3FHL, E>10 GeV previous LAT catalogs, 3 of these are found by IACTSs.

~ SNRs and PWNe + BL Lacs Unc. Blazars o Other GAL v Unassociated O TeVcCat
Pulsars <&  FSRQs ~ Other EGAL < Unknown o Extended

3FHL J0632.7+0550 (HESS J0632+057, Caliandro et al. 2015), 3FHL J1303.0-6350 (PSR B1259-63, which flared after the
3FGL time period), and 3FHL J1714.0-3811 (CTB 37B, previously unresolved).
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== (Galactic plane - center region
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3FHL - Redshift evolution and EBL
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* Clear evidence for softening of the E>10 GeV spectra at higher
redshifts
- Most likely due to EBL
®

The difference between the 3FHL and 3FGL indexes with
redshift behaves similarly for FSRQs and BL Lacs.
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= Extended sources - GP

+ 162 point sources (agree with 3FHL) (O 46 extended - 16 new, 13 known, 17 new morphology
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Je Extended sources
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» potential to resolve morphologies and separate spectral components
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* Independent analyses report a spatially extended excess

< Spherically symmetric, spectrum consistent with DM

< Degenerate with potential astrophysical contributions (diffuse
from CR inhomogeneities, MSP)

» upcoming study with Pass8 and diffuse templates


http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2016MNRAS.455.4442S&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa24891
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2016MNRAS.455.4442S&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa24891

=" Tracking MSP in the GC
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Gamma-ray Telescopes Reveal a High-energy Trap in
Our Galaxy's Center

A cambinad analy3ia of dara from NASA 5 Fermi Gamma-ray Space Talescope and Tha High Faamy Stereaananic Syalem (HFE.S S ), a grounai-
based observatory in Namibia, suggests the center of cur Mi ky Way ccmains a *trao" that concanirates some of the highest-a2rergy cosmic rays.
amongq the "zstest particles In the galaxy.

“Our resulis sugges: that mcst of the cosmic rays popula: rg the innermost region o7 our galaxy, and especia lv the most energelic cnes, zre
precuced 11 2ctive regions beyond the galzctic cantar and late- sicwad thare through Interacticns with gas clouds,” sald ead author Daniele
Gagasre at the Uriversity of Amsterdam. "Those Imeractions precuce mucn 1 the gamma-ray emission obsa-ved by Ferml erc H.E.S.S.°

Cosmic rays are hign-enarcy particles mov ng through sasace at aimast the sa2ad of light. About 90 >ercent are protons, with elactrens and the
nuclz2l of varous atoms making Jp the rest. In thalr journey acress tha galaxy, theea electrically charged paruc € ars2 a¥ecled by magretic nelas,
which alte their paths and make it iTpossidle 1¢ know where thay criginazec.

3t with matter and emi: 93

Evut astronome s can learn atoul these cosmic rays when ey iner a rays, the highest-gnergy form of light,

https.//www.nasa.gov/feature/goddard/2017/gamma-ray-telescopes-reveal-a-high-energy-trap-in-our-galaxys-center
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1Fermi

Gamma-ray Space Telescope

Summary

* Fermi is the reference gamma-ray observatory
< ~1G photons, thousands sources, public database
< Synergy with TeV observatories is strong

 flares (not covered here)

. L

% association and morphology
* DM searches

* CR properties



