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B The Fermi Observatory
B Mission status and prospects

m Science highlights
m The y-ray sky
m Probing Dark Matter
m GW follow-up
m Not only y-rays: CR electrons
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Large Area Telescope [LAT]
* pair conversion
e 20 MeV - >300 GeV

Huge FoV (2.4 sr)

The Fermi Observatory

An International Collaboration
~ 400 Scientific Members

* NASA/DOE

e International contributors

e linstant 20% sky
e full sky for 30’ ever
wWide energy range
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Gamma-ray burst Monitor
* counters
* 8 keV - 40 MeV

IFAE2017

y-ray |[data made public
immediately after downlink
and prjocessing (tipically
within a few hours)

~ 500 |collaboration papers
~ 250€
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Gamma
pace Telescope

. The Fermi Observatory

S ‘.\«T

i

i gf| "<Fermi was launched from !
R | [Cape Canaveral] on i
‘fﬁ;i «/szoard a Delta II 7920-H - 1
;,‘}‘Eﬁ//ﬂ’ rocket on July 11, 2008 A
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P The Fermi-LAT

T 1Y _ .
Si-strip Tracker I Trigger and Filter
convert y - e'e reduce data rate from
(mostly in tungsten layers) I ~10 kHz to 300-500 Hz
reconstruct y direction |

.
edss T e e

Hodoscopic CsI Calorimeter
measure y energy

image EM shower e}..,... | Anti-Coincidence Detector
EM vs. hadron separation ‘5““ e charged particle separation

IFAE2017 Alberto Manfreda - Fermi Highlights
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/“’W Mission Timeline

Senior Review 2012 |
Senior Review 2014 _l |
Senior Review 2016 [N | |

Prime phase : Extended phase
III]IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
2008 12009 2010 2011 2012 2013 (2014 2015 2016 2017 2018 2019 2020
l : 1 | : ] ] Year

0 10000 20000 30000 40000 _ Homwis
L 1 1 | 1 " 1 1 | 3 L 1 1 1 1 1 L X10 H
¥ 500 1000 i 500 Distance traveled [km]

l:llI]llIlll]lIIlIllI]lllllI]lllll]ll]lllllllll]lx10 #tri ers
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0: ]

[ ..|....|....|....|....|..:..|....|....I...><1['.3l # y-ray candidates
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'QE LS PN N P :='?' MMM I # ATELs

: Q00 0 A0 Q eP10a0 o ARNAD o
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NASA Spring 2016 Senior Review confirm operations through 2018
and recommend through 2020
http://science.nasa.gov/astrophysics/documents
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«.... PasSS-8 Event Reconstruction
/ Space Telescope
\ acceptance on-axis effective area
—_ — 1=
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Public release in June 2015
Higher acceptance - wider energy range - better resolution
A new, 1improved LAT: Pass-8 was worth the huge effort!
https://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm
IFAE2017 Alberto Manfreda - Fermi Highlights
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Gamma-ray
Space Telescope

v

S —

GeV Sky Galactic Point Sources Isotropic
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ez, ldentifylng sources: Catalogs

The third Fermi-LAT catalog [3FGL]

2015, ApJS, 218, 23
4 years - 3000+ sources

Galactic sources:
Pulsars, SNRs

Extragalactic sources:
AGNs

Includes source not seen
before in gamma-rays:
non-AGN galaxies,
globular clusters,

hlgh -mass binaries = No association = Possible association with SNF or PWN = AGN

4 # Pulsar 4 Globular cluster * Starburst Galaxy & PWN

novae @ Binary + Galaxy o SNR * Nova
+ Star-forming region

30% of sources still unassociated:
new type of gamma-ray emitters?

IFAE2017 Alberto Manfreda - Fermi Highlights
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s, Class-specific Catalogs

SN Remnants: 1 to 100 GeV y-ray Pulsars: 147 sources

4.5

4.0

~35
X
3
£
§3.0 At
45 L] LAT uisar
z 2013, ApJS, 208, 17 |. »oo
> 251
g 1070 LB . . . s
= -11 T, S " ‘S P \’\\”f.‘ S g \°
2.0t 10 T i R ,
10} .
1.5 v I 10—13 e
' -14 |
10 T red 7
1.0

0.4 0.6 0.8 1.0
Radio Spectral Index o

30 sources identified as GeV

counterparts to radio SNRs +

14 candidates probably related o

tO SNRS -4 o Rotation Period (s)
PSR J2021+4026 in Gamma-Cyg was

2016, ApJs, 224, 8 the first variable y-ray pulsar

- Pulsar without timing solution

L e . +  Timed pulsar
L L e . Radio MSP discovered in LAT unlD
: o ® AT radio-loud pulsar

- - ®  LAT radio-quiet pulsar

A LAT millisecond pulsar

IFAE2017 Alberto Manfreda - Fermi Highlights
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Jew™ Hard sources and EBG

Space Telescope
v

Hard sources Catalogs [2FHL, 3FHL]:

1558 sources > 10 GeV, 360 sources > 50

Galactic Latitude

20 0
Closes the energy gap between the LAT
and Cherenkov telescopes

Hard sources contribute for ~85% to the

isotropic flux
- other [exotic] contributions must be

small
4
@E 2016, PRL, 116, 1511605

SUG!

S” 4N [(ph/cm? /s)/deg?]

10 L

GeV

| arXiv:1702.00664

2FHL S dN/dS for |b| >10°
AL B A R R T L s
i : -+ 2FHL source counts |]
— SIM
100% EGB
—— 85% EGB

Sensitivity

1012 10! 10710 107

C. . 00
IFAE2017 Alberto Manfreda - Fermi Highlights S [ph/cm? Js]



Ve
@S ermi

Gamma—ray

/ Space Telescope
\

Extragalactic sources:

Galactic Nuclel

Active

AGN Catalog [3LAC]: 1591 sources -
3-5_ U D L A D DAL IR N L I ]
N 7 95 |-
8 r - : [ ] ] ol
%255 I - E
E. L J [ 4l : g‘m.s =
@ R { . It' ] =
s : I = o [
E - - FSRQs l = g’ -1 B
o R LSP-BL ] =
1.5 ISP-BL [ —
-« HSP-BL ] 15 |-
Coeme Other AGNs ]
T BRI ETTTT EETATRTTIT EETEERTITT BECITRE 717 BSETTIT N aad T T o
! 10" 10%®  10% EDTe 1 ;1‘1*5) 10" 107 10" 10® 1245
] rieras log(Radio flux at 1.4 GHz [mJy])
LA DL DL L DL L L UL I|
107 % :! BL Lacs, 10 uncertainty

3

T IlIIIII| T IF[I|II1| LI

Density [Mpc™]

P

<
-
=

11
10° 0

IFAE2017

- HSPs, 10 uncertainty

Redshift

E FSRQs, 10 uncertainty (Ajello et al. 2012)

3

il 1 IllIIIll 1 IIIIII.I.I 1 IIIIIlII =

1= =11

35
Alberto Manfreda - Fermi Highlights

98% of the sources are blazars:
BL Lacs + FSRQ

AGN unified model: different view
of the same phenomeon

2015, ApJ, 810, 1, 14
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Jeo™ Extragalactic sources: GRB

Gamma—ray

/ Space Telescope
\

GBM - full unocculted sky / sensitive to impulsive flares
LAT - full sky every 3 hs / sensitive to transients from ms to yr

Fermi GRBs as of 160521

. A W -

e g
"'_*E@'&'ki" Wl oy Rom K
,‘ z»?‘*@f a@*?ﬁ«%ﬁn
%, ,- N -
S o R e
180 o ¥ B F e Py AR %ﬁe‘# k! 180RA
o, * **ﬁnx *% - X Wow ., * %*@’*
K g -
)@% *;%&*

1844 GBM GRBs
247 Swift GRBs
111 LAT GRBs

GBM has detected over 1800 GRBs so far, with over 100 detected by

the LAT above 40 MeV
- study for the first time the high energy emission tail

Second LAT GRB catalog (pass-8) in preparation

IFAE2017 Alberto Manfreda - Fermi Highlights
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Space Telescope

Is the Milky way an active Galaxy?

No, it is currently quiet.

The structures were created by some large energy
injection in the GC, maybe a past accretion event
onto the central MBH, or a nuclear starburst in
the last ~10 Myr.

IFAE2017 Alberto Manfreda - Fermi Highlights
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«semi Probing DM: Fermi-LAT DM search

Cl amma-ray

v/ e targets

Satellit Galactic Center L sPHANALASLeiisssssssisssasssssssssssssssasas .
atetiites Good Statistics but source Milky Way Halo :
Low background and good confusion/diffuse background ! Large statistics butdiffuse

source id, but low statistics,
astrophysical background

backgrt::-und

+++++++++++++++++++++++++++++++++++++++++++++++++

Dark Matter simulation:
Pier+

lllllllllllllllllllllllllllllllllllllllllllll
......................................................

Spectral Lines 3 ' : all ”
P P ———— H Extragalacnc

: No astrophysical uncertainties, gmd : Galaxy Clusters i Large statistics, but astrophysics,

i source id, but low sensitivi
. because of expected smal%ﬂ LGW background, butlnwstahsﬂcs galar:uc: diffuse background

.............................................................................................................
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Cl amma-ray

Sp:u:e Te[eguwpe

| 4

Independent analyses report a spatially extended excess
* Spherically symmetric, spectrum consistent with DM

Included in the model:

* Galactic diffuse emission (sum
of many processes)

* 1isotropic gamma-ray background
(measured)

* detected gamma-ray sources

What’s not in the model:

* unresolved gamma-ray sources

* dark matter

Energy (MeV)

* Degenerate with potential astrophysical
contributions
e diffuse from CR inhomogeneity, MSP

IFAE2017 Alberto Manfreda - Fermi Highlights
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oo~ Probing DM: M31

Space Telescope
4

DEC (J2000) (deg)

No disk emission detected!

46.0 Tl
45.0
44.0 §
43.0
42.0 .-
410§
40.0
39.0 §
38.0 i

37.0 §

16.0 14.0 12.0 10.0 8.0 6.0
RA (J2000) (deg)

Probing MW emission models

2017, Apj, 836, 2

How to explain the the
emission?

Cosmic-rays..

. but apparently not
correlated with gas
distribution or star-
formation activity

DM...

. but 1n tension with
excess from our Galactic
Center

(~5x too high)

MSP...
. can explain GCE too?

IFAE2017 Alberto Manfreda - Fermi Highlights



* Kinematics - dSphs of the Milky way contain a large DM component
e Optical surveys are significantly increasing the number of known
dSphs [DES: arXiv:1508.03622,1503.02584,1503.02079]

Signal

Q

IFAE2017

= particle physics X astrophysics
P pnhy pny 1 <o, v>

0, (E,0Q) = |— N, (E) | x| 3(aQ)
ATT

2

2m,
Pass 8 Combined dSphs . .
Fermi-LAT MW Halo Joint analysis of 15 dSphs:
H.ES.S. GC Halo .
MAGIC Segue 1 exclude thermal relic
2%22@i£$$; annihilation cross section for
Daylan etal. 2014 (20) m <100 GeV through the quark b

Calore et al. 2015 (20)

and T channel

Non observation of y-rays from

dSphs in the next 4 years -

- LAT dsph (15 y1s 60 dph) i exclude WIMP mass below ~400 GeV
CTA GC Halo 100h (Silverwood+2015) and rUle Out the DM GCMeXCGSS

=

DM Mass (GeV/c 2) _ i
: S.pl:::;‘;:“ I U M_I“I‘;-':‘::r);m
Milky Way, —#

Alberto Manfreda - Fermi Highlights



Va
s ermi

GW150914

T T
| LIGO Hanford Data  Predicted

A needle in a haystack..

GBM:

No triggers from standard onboad or offline pipelines
- candidate from specific “subthreshold” pipeline — T 1]
Estimated FAR: 0.002 / Close to Earth limb Lol UGOLiingston Data pesces |

Strain (10%)
2

Strain (10%)
2

1000 |- [4.4-12keV T 0] TH aace | 12-27kev ' j .
I Iq 4200 [ | b ] | | i il
200 T |u 4000 ﬁ, M| TG 1 10} F
800 4 3800 ”n 1 _ } ;
, im , , AR =~ 10 | LIGO Hanford Data (shifted)
T T T T -~
1" 1 2000 [, 50-100KeV 1 ‘é 05 -
Lahl 7 220 £ 00
i 1800 i [ 2016 Ap\] 823 1 L2 g -0.51
1700 | 7 e T _ 4 4 4 14 &
] 1.0+
L] 1600 [ L = LIGO Livingston Data
|

1 °'54°Le" I | ‘ ] 0.30 035 0.40 0.45
: 400 d ‘ dllw 35 . _ Time (sec)
1~ YR

! ) L
-10 -5 o 5 10
Seconds from GW TO

LAT:

Coverage started from t+70 m

No triggers on automatic pipeline
No significant excesses on short
and long-based ad hoc pipelines

111111 .
IFAE2017 Alberto Manfreda - Fermi Highlights =~ 24 28 32 36 10 44 43

log(Energy) [MeV]
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No candidate EM counterparts
were detected by either the
GBM or LAT.

arxXxiv:1606.04901

IFAE2017

s e rmi .
&z, Multimessenger: Follow-up of GWs

GW151226 R —
5 14000}
% 13500
4 _
n 13000}
é 12500
J

LVT15101 3 16000!
% 15500
‘E 14500
§ 14000}

-30 -20 -10 0 10 20 30
25 Seconds from tryr

Prob. per deg?

However..

Black hole mergers are not expected to
emit significant X-ray or y-ray signals
because any gas around binary BHs should
be swept up long before the final merging

Alberto Manfreda - Fermi Highlights
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-  COMS1C-ray Electrons

Space Telescope
v

E® x Intensity [m?2 s'sr' GeV?]

Spectrum from 7 GeV to 2 TeV

N

(8]

o
I

T |"TI T

— N
(&) o
o o

—
o
o
T T T [ T T T T [T T T T [T T T T ]

'*ﬂ‘}«
‘}4”*;_
Filp

—— H.E.S.S. (2008)
—&— H.E.S.S. (2009)
—— AMS-02 (2014)
50 +— Fermi Pass 8 - LE selection

—e=— Fermi Pass 8 - HE selection

- energy reconstruction uncertainty only

SR

Ollll | 1 IIIIII| 1 1 IIIIII| 1 1 |

10 107

3
19" £ GeV]

accepted by PRD

First space experiment to

probe region > 1TeV
IFAE2017

Alberto Manfreda -

Best fit: Broken PL

Break at ~50 GeV

Index 1: 3.21 + 0.02
Index 2: 3.07 =+ 0.02 + 0.04

Cutoff < 1.8 TeV excluded

@ 95% CL

Possible interpretation:
Break from injection spectrum,
not from diffusion

arxiv:1606.0490

1
AMS-02e*+e —— = | PWN-—-.
Fermi Pass 8 —— SNR G15

- HESS —— TOT e'+e’

W Secondary

o

wl

s 107 |

E

]

4]

>

o

o,

S

Wwo10? |

10t
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-  COMS1C-ray Electrons

Space Telescope
v

Search for anisotropies

Best electron sample

10_1_ 1 ! ! ! LI I I I I L I ! | .
~ —8— Method 1, LLR UL | . avallable @ 1 TeV
-0 - Method 1, Bayesian UL -
—  —%— Method 2, LLR UL - L - 7] P b - - t -
BEEE Methed 2, Bayesian UL . .ﬂ F | ro 1ng anJ;SO roples
- Difusest oaseaadonnn - down to 10° level
) Vela [ -

1077 = = i 1 1
- Monogem *;;Er 4 No significant
- .*u}££1— E anisotropy observed
— :gr._.ll 0' —

1 -

Limit on dipole
anisotropy, starting
to rule out individual
sources

l

Dipole Anisotropy at 95% CL

—
=
]
| IN |
] IIIIlIl

Still limited by

statistics: will

10_4 i I L] ] ] el 1 |||3 | I 1 lmprove Wlth tlme|
10

10°
Energy (GeV) 2017, PRL, 118, 091103

IFAE2017 Alberto Manfreda - Fermi Highlights
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«... ~NOt covered 1n this talk:

Tl
m CR physics with the Sun

and the Moon 2016, Phys. Rev. D, 93, 082001
m Solar Flares 2015, ApJL, 805, L15

B Novae 2014, Science, 345, 554

m DM lines 2015, Phys. Rev. D, D91, 122002
|

Gamma-ray anisotropies and X-correlations
2015, PRL 114, 241301

B Constrailnts on ALPS 2016, PRL arxiv:1603.06978

And others..

IFAE2017 Alberto Manfreda - Fermi Highlights
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s COnclusion

a
5 Spa(e Telescope
\

m At 9 years from the launch Fermi continue
to produce first class science

m Hopefully operations will continue up to
2020 (and after)

From 2016 Senlior Review:

“Fermi, the only space born GeV gamma-ray
astrophysics observatory world wide, has exciting
potential for multi-messenger astrophysics and
provides unmatched capabilities for time domain
astronomy and astroparticle physics.

Fermi represents the only significant access to three
decades of the GeV gamma-ray sky for many years to
come.”
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Fermi-LAT Highlights

BACKUP
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Gamma-ray

/ Space Telescope
\

IFAE2017

GBM

Fermi Gamma-ray Burst Monitor

GBM consists of an array of:
« 12 Nal scintillation detectors < 1 MeV
* 2 BGO detectors <40 MeV

& Bursts are seen as coincident excess over
* background in multiple detectors

* smooth background fit

- coincidence rejects noise

« relative rates determine source location

Continuous production of offline (daily) data products
« CTIME: (0.256s, 8 channels) for high time resolution
« CSPEC: (4s, 128 channels) for high spectral resolution
« TTE: (2us, 128 channels) for detailed time and spectral resolution
continuous archiving of TTE data starting end of 2012

Alberto Manfreda - Fermi Highlights
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Canmere Detector Status

/ SpaceTeIescope
single TKR channel noise calibration 1§ — Run 0238459760 (July 2008) 2
g — Run 0384927543 (March 2013)
N 10*
> >
E 100
=
107
Effective threshold |' 900k channels
10
E.E o8 1 12 14 16 18 2 22 24 26 ‘
Injected charge [IC]
1
L o i B NSRS S a— NN 0 500 {000 9500 2000 2500
2 [ o @ Launch o RN ENC [electrons]
% B - @ L.aumh'l's' - { 2 - T L
5 e 73m“ active silicon, 900k chans
% 10°E % « ~ATLAS Silicon tracker
3 | P s g o stable performance
5t e S £ e +~2% noisy chans in 5 yrs
- Gm g L] = mgs =
% vy ; 2 ¢ similar stability in ACD and CAL
m . 16 9~ o = . N
L0k P glnog e 3 e ~1% CAL aging in 2 yrs
i H ~» ~hrsl/year spent in calibrations

10° 10°% R
IFAE2017 Alberto Manfreda - Fermi Highlights
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Wl Context

© & 3 3
L & o &

2020

2019 |- rmi
I ded

2018 |-

Year

2017 -

2016 |

2015 | g

2014 — — s
10° 1 108 100 Wide-Field Survey

Energy (eV) Narrow-Field Pointed

Multi-Messenger

T 1
Spitzer

Fermi: all-sky monitor in a wide energy range + multimessenger

IFAE2017 Alberto Manfreda - Fermi Highlights
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o Ferml sclence

Space Telescope
" 4

CRE
EGB
GRB
IIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII|
107 107 1 10 107 10° 10* 10° 10°
Energy [MeV]
—GRB sxtended——
— GRB prompt——
— TGF — — Solar flares —
—— Pulsar periods —— AGN flares
— Fulsar substr. — —— Binary systems
|||||| | |||||||| | |||||||| | |||||||| | |||||||| | |||||||| | |||||||| | |||||||| | |||||||| | |||||||| | IIIII|,|] | IIIIIII| | IIIIIII| | IIIIIII| (|
10° 10t 10° 107 107 10 10*  10° 10t 10® 10 10 16
Time [s]
Sun —GRB—
Maon —AGN —
Earth limb — Galactic —
TGF — CRE —
IR SN AN AT SN NN Y AN AN AN NN NNV NN AN NS NN YR SNYE SNNYE NS N
1¢° 10° 10" 10" 10" 10" 10" 10° 107 10% 10°

Distance [m]
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Gamma-Ray
o - Burgiazars
“Radio Galaxies
" Starburst
Galaxies

Large & Small
Magellanic
Clouds

Fermi Bubbles

Supernova

Gamma&&§gpants

Pulskinaries
rs

Terrest¥8P8amma-ray ‘

HERES

'3



| CTB37A

Fundamental in understaing galactic CR acceleration mechanisms

IFAE2017 Alberto Manfreda - Fermi Highlights
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«smi Resolving complex regions:

Gamma—ray

s/ =T gn extragalctic Pulsar

-68°20"'
40'
=
2 -69°00' PSRy 7-6910
£ ‘
[
[
o 20" P;$40-6919

40'

-70°00'g
96°00'  88°00'  80°00'  72°00'  64°00' 87°00' 86°00' 85°00' 84°00' 83°00"
Right Ascension Right Ascension
I ] |
0.0 6.5 13.0 0.0 1.5 3
Counts/pixel Counts/pixel

1st ever detected extra-galactic
pulsar, in the 30Doradus region in the
Large Magellanic Cloud

IFAE2017 Alberto Manfreda - Fermi Highlights

60

Gamma-Ray
Weighted Counts

OFF

ON

OFF

&05)
- b
S E

X-Ra

Counts

2.40

(=]
[
o

Optical
Counts (10%)

,_.
(=]
(=
=3

-e
=2

1.4 GHz GP
Flux Density (Jy)

0.5

1.0
Pulse Phase

15

2.0

2015, Science, 350, 801
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-  EXtragalctic Background Light

Space Telescope
v

Attenuation v. Redshift(']

as| -,

ﬂ 05<z<12 —

-
®

10 ilid
Energy [GaV]

Knowledge of EBL

T‘.I'T

10

107

Opacity at z = 1 as a Function of Energy!"]

T T T T T T T | T
1 LAT best fit—-1sigma
] LATbestfit—2sigma
=—— —— = Franceschinl et al. 2008
————— Finke &t al. 2010 - model C
m— . = Stecker el al. 2012 - High Opacity
------ Stecker et al. 2012 - Low Opacity

Kneiske et al, 2004 — highUV

Kneiske et al. 2004 — best fit
——————  Kneiske & Dole 2010
Dominguez et al. 2011

T

IIIII|

R
N

z=1.0

2
Enterg:;l:.':'I [GeV]

formation and galaxy evolution
Measure redshift-dependent high-energy spectral cutoffs in
AGN (and GRB) population to determine y-ray opacity due to
pair production from starlight.

Results favor lower-opacity models

is important to understand the star

T APLTLPLrAVELDE

B 38 YAOA ‘NES VZP5 VEVZL0Z "le e seke ‘ABEELE0L TAVE00Z

|e 3@ su9Juap ‘SrZL 160 TdV0L0Z AInas g Jeydalg ‘YZa0L'€z. rdv0L0Z
‘lej@ opqy ‘0L 0L TAVELDZIe Y@ zanbBulwo(q ‘oS|I 1188 L TAVELDZ

|e 3o ssiung [z] V0611 °8E€ 19SZ1L0Z ‘|2 39 uueuuayoy [1]
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e, Probing DM: the isotropic Gamma-Rays

DM contribution to the EGB? 2015, ApJL, 800, L27
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— Constraint on the Cosmological Dark Matter
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Teom GW150914 The view of the LAT
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m Other analysis by high-energy facilities to confirm/disprove
GBM transient

m lLarge fov (2.4 sr), survey mode (t=95 m)

m High-energy (>100 MeV) gamma rays

Results:
m Coverage started from t+70 m

m No triggers on automatic pipeling - o3
m No significant excesses on short & 8
and long-based ad hoc pipelines
LAT Top sources in 60-day
coverage window



