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Gamma-ray variability analysis

To LHAASO

Based on Fermi-LAT

New Fermi gamma-ray sources

CEININERE

QPOs

Local temporal analysis Expectation

QPO origination



Fermi large area telescope

Fermi (formerly GLAST): two Instruments ﬁ

The Large Area Telescope (LAT)
20 MeV - 300 GeV
>2.5 sr FoV

The Burst Monitor (GBM)
8 keV — 40 MeV
9.5 sr FoV

Tracker: US, Italy, Japan Calorimeter: US, France, Sweden

Gamma Ray Burst Monitor (GBM):
correlative transient observations

~ 8 keV — 30 MeV Large Area Telescope (LAT):

~20 MeV --> 300 GeV

Spacecraft \

Ly - W

Tracker (4x4 array of
towers)

Precision Si-strip Tracker (TKR)
e 18 XY tracking planes with tungsten

foil converters. Single-sided silicon

<. strip detectors (228 um pitch, 900k
modular - 4x4 array " strigs) Measures thepphgton
7 ton — 650watts ] direction;: gamma ID

ACD

Segmented
Anticoincidence Detector
(ACD) 89 plastic
scintillator tiles. Rejects
background of charged
cosmic rays; segmentation
mitigates self-veto effects
at high energy.

alorimeter
Hodoscopic Csl Calorimeter
(CAL) Array of 1536 CsI(TI)
crystals in 8 layers. Measures the
photon energy: image the shower.

Electronics System
Includes flexible, robust hardware
trigger and software filters.
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Fermi Large Area Telescope third catalog sources map
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Fermi reveals the universe above 10 GeV

ﬁ - Supernova remnants and

i . pulsar wind nebulae
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Credit: NASA/Goddard Space Flight Center



Fermi All-sky Variability Analysis

Up to now, with 479 weeks data, 4647 flares were detected.
518 sources are identified.
393 of which are blazars..




"new’ gamma-ray sources
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Timing analysis
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Fy (x 1077 ph cm=2s71)

Timing analysis

Pitch angle = 2 deg
Inclin. angle = 5 deg, Lorentz factor = 8.5

Flux

2@

Pitch ~ 2.2 pc

D ~ 2.2*6*sin5 ~1.1 pc

proj_tot

Observer

This 1is the only case in more than 1700 Fermi

detected blazars




Period (Days)

F.(x10"cm~%s-1)

QPOs on year-long timescale
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PG 1553+113 — a 2.18 years QPO
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Intrinsic origin:
Pulsational accretion

Apparent origin:
periodically Doppler factor changing



Cause of gamma-ray QPO in blazar - PG 1553+113

Assuming emission originating from a relativistically moving blob, if the emission
INn the frame of the blob Is isotropic, and follows a power-law distribution of the
form F,, < v'~%,

To observer, F, (v) = §37*F,/(v)
0p is Doppler factor.

The relative variability amplitude Is derived as:

1 AF, 3+«
= 0.4
Fv 5D

The ratio between low and high gamma-ray energies Is
AH _ 3+ dy

AL_3+aL




Cause of gamma-ray QPO in blazar - PG 1553+113
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Expectation on detecting blazar flares by LHAASO

3FHL SoURCE CLASSES (10 GeV -2 TeV)

Description Identified Associated
Designator Number Designator Number

Pulsar PSR 53 psr 6
Pulsar Wind Nebula PWN 9 pwn 8
Supernova remnant SNR 13 snr 17
Supernova remnant / Pulsar wind nebula fe e Spp 9
High-mass binary HMB 4 hmb 1
Binary BIN 1 fe x
Globular cluster e e glc 2
Star-forming region SFR 1 sfr 1
Starburst galaxy - e sbg 4
BL Lac type of blazar BLL 19 bl 731_‘
Flat spectrum radio quasar type of blazar FSRQ 30 fsrq 142
Non-blazar active galaxy e e agn 1
Narrow-line seyfert 1 NYLS1 1 e ‘e
Radio galaxy RDG 4 rdg 9
Blazar candidate of uncertain type e E bcu 290
Total identified 136 associated 1220
Unclassified e -+ unknown 23
Unassociated e e “e 177

Total in the 3FHL e e 1556 | 360 sources for 2FHL




Expectation on detecting blazar flares by LHAASO
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Expectation on detecting blazar flares by LHAASO

Rate of excess events with N,,4>=100 observed from
Mrk421 by ARGO-YB]J
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All benefit from long-term monitoring by LHAASO
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