@

An extreme point of
view:
the Fermi
gamma-ray sky

Sara Buson
INFN & Univ. of Padova

On behalf of the Fermi LAT
collaboration

Les Rencontres de Physique de la Vallée
d’Aoste, February 24, 2014



Introduction
— The Fermi observatory
— The Large Area Telescope (LAT)
Latest Highlights
— Catalogs (3FGL, 3LAC), by-products
— Galactic (Fermi bubbles, SNR, Novae)
Dark Matter Searches
— Overview of the basic strategies
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Gamma-ray
/ Space Telescope

The Fermi observatory

— Large Area Telescope (LAT)
« 20 MeV - > 300 GeV

— Gamma Burst Monitor (GBM)
« 8 KeV - 40 MeV

Launched 11 June 2008, Delta Il
Rocket

— Circular orbit, 565km altitude,
25.6 deg inclination

Operations

— Primary mode: sky survey

— scan entire sky every 3
hours

— Autonomous Repoint Request
— Target of Opportunity
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s, ML The Fermi Large Area Telescope

Public Data Release:
All y-ray data made public
within 24 hours (usually less)

Si-Strip Tracker:
convert y->e*e"
reconstruct y direction
EM v. hadron separation

measure y energy
image EM shower
EM v. hadron separation

Hodoscopic Csl Calorimeter: | .

Sky Survey:
With 2.5 sr Field-of-view LAT
sees whole sky every 3 hours

February 23, 2014

Fermi LAT Collaboration:
~400 Scientific Members,
NASA / DOE & International

Contributions

e 00 [0 o

L

Anti-Coincidence Detector:
Charged particle separation

Trigger and Filter:
Reduce data rate from ~10kHz
to 300-500 HZ
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GJI’" ma-ray

/ Space Telescope

Fermi LAT Coll., in prep.

Localization precision
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The Third Fermi LAT Catalog (3FGL)

Counts map of 4 years of
Fermi LAT data, E > 1GeV
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/
A Fermi LAT AGN Catalogues

Gamma-ray
Space Telescope

LBAS-high latitude (Abdo et al 09)
(3 months of data, TS>100, P6_V1)
1LAC-clean sample (Abdo et al 10) 50% FSRQs

(11months of data,TS>25, P6_V3) 36% BL Lacs

2LAC-clean sample (Ackermann et al. 11) 44% FSRQs 5% Other AGNs

(24 months of data, TS>25, P7_V6) 49% Bl Lacs
35% FSRQs 9% AGU (AGN-like spectra)

44% BL Lacs 4% Other AGNs

17% AGU (AGN-like spectra)
2% Other AGNs

3LAC (Fermi LAT coll., in prep.)
(48 months, TS>25, P7rep)
29% FSRQ

39% BL Lacs

30% AGU (AGN-like spectra)

1% Other AGNs

% SSRQ+CSS

@ Unknown (AGU)

Radiogal

February 23, 2014 La Thuile, S.Buson 6



/.
“s ermi

Gamma-ray

/ Space Telescope

Properties of 3LAC sources
SED classification

FSRQs
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+FSRQ: <|Og vV Speak> ~13.0
*BL Lac: <log Vv Speak> spread the whole parameters space from

17

7 LSP to HSP (consistent with 2LAC and Giommi et al 11)
*The newly-detected FSRQ seem slightly softer than 2LAC

+Same trend of ¥ Speak Vs photon index both FSRQ, BL Lac and

AGU.
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A Fermi LAT as Novae Finder — the First
Gamma-ray
/ Spa(eTeleicope -
' Optical Peak
LAT 0.2-100 GeV 2
PSR J2021+4026 o 10r * + LAT 1
c sf + + ) >100 MeV 1
\ nO 6 'H T T ]
—_ o - v - T ]
g = b {H +++ ++- R 2 s S S
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g 0f r
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Initial LAT detection 2010 March 10, same day as nova V407 Cyg optical discovery
—> y-ray identification via spatial (r95%=3.7") & temporal coincidence with a symbiotic

recurrent nova
2010, Science, 329, 817
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S ermi New Population of Gamma-ray Novae
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» Similarities & differences may not necessarily point to
the same y-ray emission mechanism

* Fermi acceleration in nova shell & interaction with

massive red giant wind plays important role in symbiotic
recurrent novae

* Necessary conditions: massive WD & fast and massive ejecta; companion, environment
come into play, and all appear nearby

» Hadronic and leptonic model fits for the LAT spectra considered for the classical novae

February 23, 2014
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Gamma-ray
Space Telescope

Despite wide agreement that supernova remnants (SNRs) are the sources of
galactic cosmic rays, unequivocal evidence for the acceleration of protons in

these objects is still lacking.

CR protons in SNR

: IC 443 w44
= 4l R 1 N
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o . W powerlaw index R,
o s —s=15 | &
£ gz
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Z o
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L ® Fermi-LAT = T |
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R 0- 5 4 sS4 eqb s Sk RS X N LiLil L1l NI .
12 13 14 15
« Unambiguous 0 el 0% 0% 0% 1e® foump in W44 and

IC443 (thanks to Increased low energy Pass/ acceptance)
* Proof that SNR accelerate protons

Detection of the pion-decay cutoff in Supernova remnants
2013, Science, 339, 807
12
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CR protons in SNR
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« Unambiguous and robust detection of pion decay bump in W44 and
|C443 (thanks to increased low energy Pass7 acceptance)

* Proof that SNR accelerate protons

Detection of the pion-decay cutoff in Supernova remnants
2013, Science, 339, 807
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sy ey Dark Matter Search Strategies

Clar'*ma ray

/ Space Telescope
Satellites

Low background and
good source id, but
low statistics

Spectral Lines

Little or no astrophysical
uncertainties, good source id,
but low flux because of
expected small branching ratio

February 23, 2014

Galactic Center
Good Statistics, but
soyrce confusion/
_ diffuse background

Galaxy Clusters

Low background, but
low statistics

La Thuile, S.Buson

Milky Way Halo

Large statistics, but
diffuse background

“Isotropic”
contributions

Large statistics, but
astrophysics, Galactic
diffuse background




s, ML Spectral Lines from WIMPs

Search for lines from 5 — 300 GeV,
using 3.7 years of data, .
P7REP_CLEAN event selection

— Reprocessed data with updated calorimeter
calibration constants

— Clean cuts are recommended for faint
diffuse emission analysis

Mask bright (>100 for E > 1 GeV) 2FGL -
sources
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Optimize ROI for a
variety of DM profiles

« Searchin 5 ROIs

R3 (3 ° GC Circle, cont.
NFW Optimized)

R16 (Einasto Optimized)
R41 (NFW Optimized)

R90 (Isothermal Optimized)
R180 (DM Decay)
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Space Telescope
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s, ML 133 GeV in the Earth Limb spectrum
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* Line-like feature in the limb at 133 GeV (2.00 local significance)
— Appears when LAT is pointing at the limb
— Surprising since limb should be smooth power-law
— S/Nlimb ~ 14%, while S/NR3 ~ 61%
« Limb feature not large enough to directly explain all the GC signal

* Dips in efficiency (less stringent Transient cuts — Clean cuts) below and
above 133 GeV

— Appear to be related with Calorimeter-Tracker event direction agreement
— Could be artificially sculpting the energy spectrum
 Feature in data is much narrower than expected energy resolution

February 23, 2014 La Thuile, S.Buson
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A Line-like Feature near 133 GeV
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sy ey Good targets: Nearby Dwarfs Galaxies

Gar“ ma-ray

/ Space Telescope
Mllky way is CvnII§ = .ICOm
CVnl © 00 Leo I1@®
surroynded b)_/ small o® Wil 1 BooTIT ®Boo II- - Ko
satellite galaxies - UMal 4 . Leo IV .Is;g) I1
UMall oYMi

o :
Close to Earth Dra - Her

(25-250 kpc)

Luminosities range:
107-103 L

Astrophysical inactive

Most dark matter Systems with very large mass/luminosity ratio
dominated objects 25 discovered so far, more will be by current/upcoming experiments
known
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s, P Individual Dwarf Galaxies

Gamma-ray
Space Telescope
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Bin-by-bin integrated energy-flux upper limits and expected sensitivities for each dSph galaxy

2014, PRD, 89, 042001
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/ Joint dSphs Likelihood :

@ ermi : : Prag i
/ Gamemaon increasing the sensitivity to weak signal
Space Telescope =—4/iiniinmnon. .. ... .......... o000nAnn0enenneimr rn—,
* Assume same dark matter particle in all dwarf
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s, e Combined Limits at 95%CL

Gamma-ray
/ Space Telescope

Combine 15 dSphs

T
— Observed Limit

10—22 H —- Median Expected
0 68% Containment

Expected sensitivity calculated % |
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kinematics of dSphs o

. 10722
300 sets of 15 random sky : ol
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R = |
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2014, PRD, 89, 042001
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Ultra-Faint Gal Excluded
s, P ra-Faint Galaxies Exclude
; Gamma ay
/ sz(eTvle cope
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- When removing the primary contributors to the deviation

(these 3 Ultra-Faint dSphs, which have also large uncertainty on their J-factor)
- The deviation from expectation is less prominent

- the deviation is not correlated to those dwarfs with highest J-factor
- not supporting a detection

2014, PRD, 89, 042001
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- Current and Projected
Peerml Dark Matter Limits

Space Telescope

(o, V) [cm’® 7]

LAT 10 years, 3x more Dwarfs

107 -
-28|: 1 1 Lol 1 1 Lo 1 1 I N N T |
10 10 10 10° 10°
M, [GeV]
Colored bands - expected limits from Dwarf Spheroidal search

Horizontal gray band = “canonical” thermal wimp cross section of 3x10-26cm?3 s
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esami Upcoming Fermi LAT Developments

Two major changes affecting the Fermi LAT data are underway:

- Development of “Pass 8” version of the reconstruction and event
classification algorithms. Preliminary versions of “Pass 8" show a 25% or more
increase in the acceptance at all energies, with over a factor of 2 below 100
MeV.

- As of 2013 December, the Fermi LAT observing strategy changed to favor
the Galactic center. The increased exposure toward the Galactic center
coupled with the Planck maps of Galactic dust will help us to

—  resolve claims about a line-like spectral feature near 130 GeV
— disentangle Galactic diffuse emission from Dark Matter signatures.

Charles, AAS 2014

Relative exposure at 10GeV for standard and Galactic-center biased survey modes.
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@SS, ermi Summary

Carr‘ma—'a','

« The Fermi LAT is offering a large contribute to the
understanding of HE particles in the Universe

— Enables gamma-ray population studies for the first time
— Probes the most powerful acceleration sites

— Reveals to be a necessary complement/link with
accelerator experiments, neutrino experiments, charged
cosmic-ray detectors, gravitational waves searches

« Dark matter searches
— No smoking gun yet..
— Important constraints set

— Upcoming developments will lead to improvements,
allowing to reach interesting areas of the parameter space

« Fermiis a5 to 10 years mission ... great potential to exploit!

February 23, 2014 La Thuile, S.Buson 26
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@ rmi INndirect Detection of Dark Matter with dSphs

amma-ray
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sy ey Good targets: Nearby Dwarfs Galaxies

« Dark matter content determined from stellar velocity
dispersion
— Classical dwarfs: spectra for several thousand stars
— Ultra-faint dwarfs: spectra for fewer than 100 stars

« Fit stellar velocity distribution of each dwarf (assume an NFW
profile)

« Calculate the J-factor by integrating out to a radius of 0.5 deg
(Martinez, 2013)

— Encloses the half-light radii of the dwarfs
— Minimizes uncertainty in the J-factor

— Large enough to be insensitive to the inner profile behavior
(core vs. cusp)

* Include the J-factor uncertainty in the gamma-ray analysis

February 23, 2014 La Thuile, S.Buson 29



g : Statistical and Systematic Effects e
e H a
i in dSphg stud N\

 Distribution of TS values in the data does
not follow asymptotic theorems

Global significance: 100 , , .
— Simulations: p-value = 0.024 - X/2
- Data p-Va|Ue = 0083 : :l'lirrlll(li](z)ir:o;:qiti()nﬂ:

107!
» Confounding features of the data:
— Unresolved background sources

— Instrumental features
— Imperfect modeling of the diffuse

background

107'.! s

Cumulative Density

]0~.‘i s

 Additional systematic uncertainties: |
— Instrument response (< 15%) 0 2 .
— Diffuse backgrounds (< 10%)

— Dark matter profile (< 20%)

2014, PRD, 89, 042001



White Dwarf in Close Binary Systems

i (Nova: thermonuclear explosion in WD)
/’ Space Telescoy
Compact cataclysmic variable: Symbiotic system:
WD + Main Sequence Massive WD + Red Giant

!

Roche lobe overflow accretion from a red giant wind

Classical nova Recurrent nova

Hydrogen
burning in
degenerate

conditions on | «
top of the |
white dwarf ~- -

Credit D.A. Hardy & PPARC
~ 4_ 5 =
P,..~104-105 yr; P

~ 10 " ~
a ~ 10"%m; rate ~35/yr a ~ 1013-10"4 cm; rate ~10 known
Adapted from M. Hernanz X-ray Universe 2011 talk

orp~hr-day P...<100 yrs; P_,~100’s days
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s, ML Starburst galaxies at y rays

Veritas 2007-2009 observations: first detection of
gamma-ray signal (at 50) from M 82

VERITAS: M82

Declination [ Degrees ]

Strong correlation between the star-formation
activity and the cosmic-ray production in M382.

Star forming = cosmic rays - interact with

interstellar gas and radiation - production of diffuse O VERITAS coll. 200
PSF Nature, 462 770
gamma rays J

152 151 150 149 148 147 146
. . Right Ascension [ Degrees
Results strongly support that cosmic-ray acceleration ) e
is tied to star formation activity

SFR (M yr)
102 10" 1 10 10®°  10°

O e % 5 « Several detected by the LAT
0%2L ® LAT Detected with AGN e y . .
. ol  almost linear correlation between y-ray

1041 = [] Dispersion %0 0
E == Calorimetric Limit o CUD f.n','
E,n= 10% erg) )

luminosity and tracers of star formation
= bolometric infrared luminosity

Lo.1-100cev (€79 87)
=Y
3
T

10392 . . . .
s = 1.4GHz radio continuum emission
‘°“’§*'.":‘"f\ et api7ss we vz | 2012 Apd, 755, 164A
10  10° 10" 10" 10"
Ls~1000pm(LG)
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/ Properties of 3LAC sources:

s ermi - s fri :
Gamemore Redshift Distribution
Space Telescope
3.5 [T .
= = 3l -
= E x [ ]
§ F E 2 | FseQ -
3 FSRQ 5 25— LSP- BL Lac .
2 = = T | -
o = & | HSP - BL Lag .
= -] g 2 others® | -
= o = :-=6 o ]
; * f ; 3: I L -] it U DA L L L I TR 003 4] 2 —_
- . 28f- = .
8 B 7] 2.6 ] i
g oy - 2 107 10® 10"
g e 5 E S 24f e
:é - : . § 22 =
B ' 7 g 2F -
3 , = 518F 3
— =] [=} - =)
0.25 |- — E. 1'6:_ —:
i F = 1.4F 3
3 02 — — - R
g = T = 1.2 =
‘g S — 1: Annrl L L nin b Al e naned L nennn =
3 = — LsP- BL Lac 3 10% 10% 45 ‘. 10%7 10% 10%
% 01— —l —] Ly (ergs™)
% ool J HSP - BL Lac
oL 4 = 0 . —= . o 1..,...4 +50% of BL Lac have no measured redshift

Redshift

+ Distribution of BL Lac redshift gradually extend to lower z as the
(3LAC, Fermi LAT coll., in prep.) location of the synchrotron peak shifts to higher frequency

+ Lower limits on redshift for BL Lacs are higher then the mean of
measured ones.
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The First LAT Supernova Catalog

Sourca A

RX 1713

February 23, 2014 La Thuile, S.Buson 34



