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jsarmb The Fermi Observatory

Large Area Telescope

- Pair conversion telescope
- 20 MeV - 300+ GeV

- Large FoV (20% of the Sky)

Gamma Burst Monitor

- 12 NaI scintillators and two cylindrical BGO
scintillators

- 8 KeV to 40 MeV
- Observes entire unocculted sky
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<s=emi  The Large Area Telescope

Space Te[escope
4

Si-strip Tracker

- 18 x-y tracking planes

I

I Trigger and Filter
- Convert y - e‘e- I
|

reduce data rate from

(mostly in tungsten layers) ~10 kHz to 300-500 Hz

- Reconstruct y direction

Hodoscopic CsI Calorimeter
- 8 layers, 1536 CsI o |
crystals, 8.6 X0 on axis — ;f : .
- Measure y energy Anti-Coincidence Detector

- Image EM shower * - 89 scintillation tiles

- EM vs. hadron separation - charged particle separation

Alberto Manfreda
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S>ermi Mission status

| 4

Space Telescope

10 years of operations on orbit:
- 99% uptime, ~15% inside SAA
- ~600 billion triggers, >1 billion photons of the Source class

- data publicly available immediately after being processed
(usually in a few hours)

All LAT sub-systems are still up and running:
- 596/884736 (0.07%) noisy TRK strips masked

- 1 of the 6144 CAL pre-amplifiers failed. No measurable
scientific impact thanks to redundancy.

- Light yeld decrease (~0.3%/year) corrected by periodic
calibration

One relevant spacecraft issue:

- On March 16, 2018 one solar panel got stuck, observatory
went in safe mode for a couple of weeks.

- LAT currently fully operational with modified observing

profile: rocking angle is switched only when appropriate
(instead of every orbit).
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s>ermi  Mjission status

amma-ray
; Space Telescope
\

Understanding of the instrument improved with time:

- Reconstruction, selection and calibration of the LAT have all
been refined through the years

- Reconstruction algorithms updated in passes (Pass 6, Pass 7,
Pass 8)

- Pass 8 was released to public in 2015

- No further major update anticipated. Will (likely) be the one
used for LAT legacy data

Mission is still actively supported:

- Fermi-LAT collaboration committed to maintain analysis tools
and transient monitoring

- New photon classes (P305) recently developed, will be released
soon. The selection strategy allows for reduced contamination
(compared to the Source class) without acceptance loss.
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“=emi  Missjion Status

Space Telescope
SR 2012 R | |
SR 2014 N | ]
SR 2016 I
; Prime phase ; Extended phase
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NASA Spring 2016 Senior Review confirm operations through 2018
and recommend through 2020.
Next Senior review will be in 2019
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Soeomi  Fermi-LAT targets

Galﬂfﬂa'l’ay

Space Te[escope
4 ol !: =
§ o i oo

sl GRBs

J m'lu‘m i F i

HE

Blazars

Radio Galaxies

Starburst Galaxies

Globular Clusters —

SNRs & PWN

0’&\_(’ y-ray binaries

TGFs

Unidentified Sources
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Spm’u Telescope
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Diffuse Point Sources Isotropic
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s2ami Tdentifying sources: Catalog

The third Fermi-LAT catalog [3FGL]

4 years, 3000+ sources (E > 100MeV) 2015, ApJS, 218, 23

4FGL (in preparation):
8 years, ~5500 sources
Pass 8 data >

LAT discovered new class
of gamma-ray emitters:
non-AGN galaxies,
globular clusters,

hlgh _ma.'SS blnarlesl o Mo association & Possible association with SNR or PWN = AGN
galactic novae woioac danm T egm TN
* Star-forming region

30% of sources still unassociated:
Fraction ~constant after each catalog iteration!
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<oemi High Energy Source Catalogs

Gamma-ray
Space Telescope

2FHL > 50 GeV - 2 TeV, 6.7 years
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“=>eami  Galactic sources: Pulsars

Gamma—ray

Space Telescope
4

Before the launch: 7 y-ray
Pulsars known. y-ray Pulsars: 147 sources

After 10 years: 200+

First extragalactic pulsar o f
PSR J0540-6919 observed 1n |
the LMC o e
2015, Science, 350, 6262 2013, ApJS, 208, 17 | .
L] L] 10710 o AR .
Rate of discoveries stable: wul e
2/month 107
250 O . , e
— Total : 1014 /“
- MSPs I et
00| — Radio/X-ray selected | E,m R
--- y-—ray selected §10'16
PSC discoveries 10V e e
D50 oo 1045'&;{;1,7;"<:'}-.44. ;j-{kl : :
2 w0l . T
8 N e e e e
e S R A 07| B vy
103 10t 10° - 10!
Rotation Period (s)
PSR J2021+4026 in Gamma-Cyg was
the first variable y-ray pulsar

2014 2015 2016 2017 2018

Year
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CTB37A Veladr *

-

A0 000 -

SNRs cataloog: 30 (+14) sources.

Two populations: young and old+cloud.
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<Lomi EXtragalactic sources: Active
<, Galactic Nuclel

AGN Catalog [3LAC]: 1591 sources
3-5_ LELRLL I IR LLE, IR IR LLLL ILNLILLLLLL IR IELELLLLLY B ""': °F B
- : asf
3 . -
8§ L : ] ol
5 250 ] ] 5
L - _| (=]
E. r J | 3 4 gm.s B
e 2 it rl b p
g b — e
E o - FSRQs ﬂ l - g‘ -1 .
o LSP-BL ] -
1.5 ISP-BL [ —
~ -« HSP-BL 7 1.5 |-
- " Other AGNs ]
1= RTTT| BT TTT BT ITT BT BEPITET (11 ST B i al i L
10" 10® 10® 10* 10> 10® 10 10" 10 12
. .L.Y .( ere® ) ’ log(Radio flux at 1.4 GHz [mJy])
107 ]:I BL Lacs, 10 uncertainty _;
[EEEE] Ponon. 1o wnesaoy wpto s 20y 98% of the sources are blazars:
| B o oo b BL Lacs + FSRQ
z b AGN unified model: different view
I F of the same phenomeon
10

2015, ApJ, 810, 1, 14

11
107,
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“=ermi  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

' ﬁg’igy i W % 2%‘ 7 ?é:;* §x\ ;:E)ﬁ &% _
xWﬁ{' XA K 3 o e &ﬁg‘ A
m%% *”f&é‘ ey : : " 4 ﬁi%\?&

}fﬁ?‘ ; \ & § & ¥ E@ﬁ: ,*x “f“%; .

ﬁ*x;& T g . ¥ HK xs&x*
"A&:*;* a;*&x % Xe o S " x%}@*
‘-x_**" ) R W PSR
1o
1844 GBM GRBs : N
247 Swift GRBs
il 2013, ApJS, 209, 11

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
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“=emi  Cosmic-rays and diffuse emission

Cxamma—ray

/ Space Telescope
) ) 2013, Science, 339,87
Study CR acceleration sites : IC 443
- 39 SNRs detected 10

(27 extended)
- Evidence of pion decay
signature in two SNRs

E? dN/DE (erg cm™ s)

lU n"
Besl-hl broken power law *
Model diffuse - S Ao gron ‘ i
- - E * AGILE (Tavani et al. 2010)
. z’-decay
el-rl 1 S-S 10 n ) . . _I"' z B:m:g];hh:ﬁg with EIEJ? ol 'o.- \
Fitting emission 0P o 0 e 02
template to Fermi data | Energy (eV)
(both for source = ®)

detection and for
studying CR and ISM)

/%

proton density above 10 GV

Proton density and 2 "
slope decreaee with  Bvin by, .
Galactocentric L t¥ey. —
distance Lk '
N . . .
0 5 10 15 20 25 30

Galactocentric radius (kpc)

2016, ApJS 223, 2,26
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Residual intensity, £ =3

Residual intensity, £ =3 — 10GeV

.‘E

Was the Milky way an active Galaxy?

The structures may have been 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.

WASHDA 2018 Alberto Manfreda




E® x Intensity [m? s'sr! GeV?]
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‘S>ermi Comsic-ray

Gamma—ray

Space Telescope
4

N
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50

Electrons

Spectrum from 7 GeV to 2 TeV
— Best fit: Broken PL
% | Break at ~50 GeV
i Index 1: 3.21 + 0.02
- Index 2: 3.07 =+ 0.02 + 0.04
i &g 3 Cutoff < 1.8 TeV excluded
o A TR ! 95% CL
| i#f%-%j; +\+J++. |' @ 0
- **{?“ Possible interpretation:
B Break from injection spectrum,
P eSS t from diffusion
- —=— H.E.S.S. (2009) no
[ AMS-02 (2014) 2017, ApJ, 845, 2
__ +— Fermi Pass 8 - LE selection VL TP — T oy
| —+— Fermi Pass 8 - HE selection _ Fermi Pass 8§ —— SNR 5315
: - enhergy reconstruction uncertainty only F‘; 59501533 — ToTene —
111 I 1 1 L1 111 II 1 1 L1 1111 | 1 1 1 qjm
5 3 w102 |
10 10 10 E [GeV] NE
2017, PRD, 95, 8 $
=]
First space experiment to wo0® |
probe region > 1TeV
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Galﬂ!ﬂa'l’ay
' Space Te[escope

Comsic-ray Electrons

Search for anisotropies

10_1 - T T T T T T ; LA B B T T p—
—  —®— Method 1, LLR UL .
-0~ Method 1, Bayesian UL -
| —  —%— Method 2, LLR UL -850 - - m
O | -~ Method 2, Bayesian UL NP U )
B‘E ~  —— Diffuse e’ (oot e - B
g Vela e ™
+— 10 ? :_ Monagem N —:
® - .-;1--:-?—!-@-1 7
> - /e .
a O e
o i o i
— — »:Q'-H-—q ]
"6 1=
A%
c 3
<< 107 =
o — .
O - —
o - ]
A B .
1[]—4 4 | | | L1 1 | | | | 1 | L4 1 | | L L L

10°
Energy (GeV)
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2017, PRL,

Best electron sample
avallable @ 1 TeV

Probing anisotropies
down to 1073 level

No significant
anisotropy observed

Limit on dipole
anisotropy, starting
to rule out individual
sources

Still limited by
statistics: will
improve with time!

118, 091103
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@sermi Probing DM: Fermi-LAT DM search
o targets

Space Telescope

L 4
Satellit Galactic Center L AttASSAsASAsssisssassssssasassssasasassssasasas .
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

backgrmund

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

Dark Matter simulation:
Pier+

Spectral Lines

No astrophysical uncertainties, gmd
: source id, but low sensitivity
», because of expected small BR

--------------------------------------------------------------------------------------------------------------

WASHDA 2018 Alberto Manfreda
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@ eteteresesetesesetenenatatantatansnnnsasassesene, Extragalactic

Galaxy Clusters : Large statistics, but astrophysics,
Ln::rw background, butlowatahsun::s galacﬂc diffuse background



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

Degenerate with
potential astrophysical
contributions
* Diffuse from CR
inhomogeneities
Pupulation of
millisecond pulsars

WASHDA 2018 Alberto Manfreda




Kinematics - dSphs of the Milky way contain a large DM component
°* Optical surveys are significantly increasing the number of known
dSphs [DES, Pan-STARRS]

Signal = particle physics X astrophysics 1 .
E,AQ) = X N,(E) | x| J(AQ
. ) 4t 2m,° 8

Ackermann et d. (2015} ~“B Joint analysis of 28 dSphs (+17

Nominal sample

- Median Expected . candidates): exclude thermal
68% Containment , relic annihilation cross section
%% Containment . for m <100 GeV through the quark

b and T channel

Non observation of y-rays from
dSphs in the next few years -
exclude WIMP mass below ~400 GeV
and rule out the DM GC excess

10° Update in preparation!
DM Mass (GeV)
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@ erml Probing DM: M31

> T
2017, Apj, 836, 2
No disk emission detected!

460 8 How to explain the

45.0 emission?

44.0 §
Cosmic-rays

Should be correlated with
gas distribution or star-
formation activity

43.0
420§

41.0

DEC (J2000) (deg)

40.0

DM
Is it compatible with GCE
excess?

39.0 )
38.0 §

37.0 i Millsecond Pulsars

Can explain GCE too?

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

Probing MW emission models
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Gamma—ray

Space Telescope
4

UL IR R -

S ]

s —— Data ]

B —.—.= background ]
106 oo Disk emission

; ---- IC emission
r background + Disk + IC

1 1 IlIIII[

-

2,
I
1
1

Integral Intensity (photons sr)

om |?

L 11 11 I | I L 11 I I--I-“l-l I 1L 11 I L L L l L1 11 I L1
1 15 2 2. 3 3. 4 45 5
Elongation angle (deg)

.c:
-

Solar flares observation:
45 observed.
First catalog in preparation!

First observation of behind
the 1limb solar flares,
probing transport of

particles on the Sun surface.

WASHDA 2018

A nearby source:

the Sun

Study of the emission from the
gquiet sun: disentangling CR
induced from IC component.

The LAT has observed a nearly
complete solar cycle. Update in
preparation

() STEREO-B 195 A, p7:20:51 (b),SDO 193 A, 07;20:57 (c) SDQ 193, A, zgom
1000

350

Solor ¥ (orcsec)
o

b

9% Sun N 4\

:140°

[
"] Earth/SDO

400 600 800 1000
Solor X (orcsec)

=1000 -B00 =600 =400
Solor X (orcsec)

=940 -920 -500 -8BO
Solar X {arcsec)
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Microwave: diffuse maps
& morphology, host galaxy

Radio: pulsations, synchrotron IR: gas/ dust maps

ﬁ_mLssion,l %as / dust mapfs, characteristics. .. host galaxy

igh resolution imaging of - e s = - o

host galaxies... ¢ LAT Source Localization better characteristics
( than0.1° ' Energy

| # Great for followups

L

TeV: High-energy spectral ~ X-ray: Optical:

breaks, supernovae GRB afterglows, Galactic source GRB afterglows,
morphology... morphology & pulsar association... AGN/GRB redshifts...

WASHDA 2018 Alberto Manfreda
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Gamma—ray

/ Space Telescope
\

Transient searches

LAT Transient Factory (LTF)

Likelihood Around GBM/BAT triggers

seconds to orbits
LAT Team - Results in GCNs

Fermi All-sky Variability
Analysis (FAVA)
Counts Map Aperture Photometry

Flashes

)] Pipeline Triggered Operating + Blind Search Coming Soon 3 day (cominA%]_eTgon). 1 week
g Method LAT Burst Advocate Tool http://fermi.gsfc.nasa.gov/ssc/
— Timescale Likelihood Around GBM/BAT triggers date/access/ial/PAVY
T istributi 00s, 1000 s
Q Distribution 100 s, _ LAT Catalogs
LAT Team - Results in GCNs deali o
(o ¥ Status Operating LAT Ainosiated Solarnce Likelihood, associations
" — 3 month (OFGL), 1 year
n- Processing (ASP) + Flare (1FGL), 2 years (2FGL), 4
rouna searc : i i
o ms - s rate riggers GLg?zl‘;hEOd http://fermi.gsfc.nasa.gov/
: 16 ms - minutes o ssc/data/access/
GCN Notices GCN Notices ATels, GCN notices (on AGN) :
2 hrrp://gammﬁray.nssrc- Operatir‘lg Operating 4FGL in progress
o] nasa.ggv/gbmfzf;enrce/ . = —>
O sgrb_search.htm < — < >
(/)]
o
HS ms s minutes hours days months years
E Pulsars
g Solar Flares Novae
= All Sky y-ray
N Photon Cadence Binaries
<= Timing
c Blazar Flares
Q
2 Terrestrial y-ray - Crab Flares
o
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Soemi MW: Gravitational Waves

Gammaray
Space Telescope

- - 2017, ApJ, 848, 2
GRB 170817A: Counterpart to LIGO- : —
Virgo event GW170817 seen by GBM.

T a5t

Follow-up across entire EM spectrum! fdw

Estabilish long predicted conncetion
between short GRBs and NS-NS merger.

Unfortunately LAT was inside SAA 107 —
at the time (since 1 min!) ol d Egagf_
30°N i E
' = GBM SAA 5107} :
L ( LAT SAA é
ISDN N:‘ /(_‘ - % 10 L]
GRB 1708174 4 : : Fi
?ﬁﬁ;g | Egieg Y , ol
- e. i
0 10T
L5 20 40 10 B:':;;ight AIII-IEQEIE 120 140 160 10
Counterpart observations with LAT

possible with some luck!

60°W 30°W 0° 30°E
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s=>emi  MW: Neutrino counterparts

Galﬂ ma-ray

Space Te[escope
4

side view

First observation of EM
counterpart for a high-energy -
neutrino event!

September 22, 2017

Neutrino event IceCube-170922A
(290 TeV) associated at 30 with
the location of known y-ray
blazar TXS 0506+056, flaring at
that time

Signalness: 56.5%

IceCube, Fermi-LAT, MAGIC, AGILE, ASAS-SN, HAWC, H.E.S.S, INTEGRAL, Kapteyn,
Kanata, Kiso, Liverpool, Subaru, Swift, VERITAS, VLA, Science 2018

2018, Science, 361, 6398

arigiral GCM Nolice Fri 22 Sep 17 2006513 UT
6.6 ref ned best-1t direction 1G4 70022A

—
=]

—— [C1T0922A 50% - area: 0.15 square dagrees 9 log( Frecuency [Hzl)
= IG1709224 90% - area: 0.97 square dagrees a 8 10 12 L 16 18 20 2 24 26 28 0
T 1094 T i
B.2 @ p
= . it
? %—1 ‘., A
5 6 E
= 58 3 — 107 = 1
£ 5 O n \ i
3 2 i
a 4 J g LS \ov
5.4 = B 10 [T '\\
3 £ Y
g 2
2 =
5.0 Tt :
1 . Archival *  SARASUA INTEGRAL (UL} —— VERITAS (UL}
= VLA & Swift LMOT + Femi-LAT HAWC [UL)
{:I «  OVRO $  ASASSN AGILE —— Neutrino - 0.5y
4.8 1014} o KaataHOMIR & Swift XRT 4+ MAGIC === Naurirg- 7.5 |
?E 4 T‘E I:I ??.5 ?T.E :"E E ?9.4 v Kisoy KWFC & MUSTAR H.ESS. (UL}
: : " 0 i 10 i i o 0=
Right Ascension Energy (V]
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“seomi Conclusions

GDIWH?H'I ay
SDRCG TE’[QSCOPG
\'

m 10 years after the launch Fermi continue
to produce first class science

m Committed to continue operations up to
2020 (and hopefully 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.”

WASHDA 2018 Alberto Manfreda



ath International Fermi Symposiunm
| October 15-19, 2018

https://go.nasa.gov/2H5qhlg




10 years of Fermi-LAT

BACKUP

WASHDA 2018
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S=>emi  Current exposure of the LAT

Gamma-ray

' Space Telescope
Exposure maps (in celestial
coordinates, AIT projection) at 1
GeV over one week (top), two weeks
(center) and one month (bottom).
All exposure maps start on the
same date (May 6, 2018). The color
scale 1s 0 (black) to maximum
(white), linear.

The dates were chosen such that
the first week 1s pure -50°
rocking, the second week 1is pure
+50° rocking and the rest of the
month is mostly the modified sine
profile.

The Sun's path over that month 1is
overlaid to illustrate that the
exposure troughs over one month
are around the Sun and the anti
Sun.
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