AT S

an—

LA ““‘“"‘“"5\1-.1': sele) 5

B S gt

R

MRV TN

— IR - L > SR IS s -

B T e & L N

Dy i, - A

'

The Galactic Transients KSP

Sandro Mcrcglqetti
INAF - IASF Milano

L 4 \},U'
Istituto di Astrofisica Spaziale e Fisica cosmica di Milano P

. A N e oy G YA "-'.3‘ '!3,'1._;!', T T D R Wi TN et ™SRt

P O T T S . = e PR—

o Tt

R PACR T NGy

2 PO Py

e

A ——



Question

Understanding the

Origin and Role of

Relativistic Cosmic
Particles

Probing Extreme
Environments

Exploring Frontiers
in Physics

Dark Matter
Programme

Galactic
Centre
Survey

Galactic
Plane Survey

Extra-
galactic
Survey

Transients

~osmic Ray
PeVatrons

Star-forming
Systems

Active
Galactic
Nuclei

Clusters




bl o 3 g PPN AR L b ANt i

SIBE et iy

PR ORT IS EseY TR e wen e SV VARSI e R P e

Comparison with other KSP
Extragalactic Sur\/ey —> 1000 hr, 25% of skg) 6mCrab

Gal Plane Surveg > 1600 hr) ~2-4 mCrab
Galactic Center Surveg —> 825 hr

LMC Survey —>500 hr (S)
Transients —> 2700 hr
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Comparison with other KSP

Extragalactic Sur\/ey —> 1000 hr, 25% of skg, 6mCrab

Gal Plane 5ur\/e9 > 1600 lﬁn B e mCrab,
Galactic Center Survey —> 825 hr

LMC Survey —> 500 hr (9),

Transients —> 2700 hr

Fevatrons 5200 hr 77

Star Forming systems ~ —5 720 hr

AGNs —> 3300 hr ,
Galaxg Clusters s 200 B
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KSP on Transients in “Science with CTA
A Gamma-ray Bursts

B) Galactic Transients

SRR e SRR ORI T s S ¥ AR & SR L
J . < J 8 N

RS Ry

o * SMefeéEett; = Gé‘lgctic il:xiﬂawnsiéht; ~ —A\/f:_NGé 20072 % ~"il€omaﬂ§6/ 5/ }.025



KSP on Transients in “Science with CTA
A) Gamma-ray Bursts

B) Galactic Transients

D) High—-f: neutrino transients
E) GW transients
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KSP on Transients in “Science with CTA?

C) X-ray, oPtical and radio transients

( = external alerts)

e Serenclipitous VHE transients

(= internal CTA alerts cluring normal observations)
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KSP on Transients in “Science with CTA?

A) Gamma-ray Bursts

B) Galactic Transients

C) X-ray, oPtic:al and radio transients
( = external alerts)

D) High—-f: neutrino transients

E) GW transients

F) Serenclipitous VHE transients

(= internal CTA alerts cluring normal observations)

G) VHE transient survey
= internal CTA alerts cluring dedicated surveys 7 clivergent Pointings
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Planned observation time for transients KSP

Hours /3631’/ site
Earlg Phase Years 1-2 Years 2-10
GRDB 50 50 >0
Galactic 150 %0 07
X~ray, oPtical, radio 5.e 10 10
HE neutrinos 20 5 D
GW 20 7, 2
Serendipitous Vi e 100 Tis 29
TOTAL 590 125 22
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— = 25 GeV
mmms =40 GeV
v E =75 GeV
== E =100 GeV
=i =250 GeV
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Introduction

Pulsar Wind Nebulae

LA IND

Gamma»—rag Binaries

Micro QSOs

Novae

Magneta rs

Remarks
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Fig. 1. Crab Nebula light curves of the total flux detected by AGILE in the energy
range of 100 MeV to 5 GeV mrirg the gamma-ray flaring periods in 2007 and
2010 (units of 10~ photons cm™ s7%). (A) The “spinning” AGILE photon flux
light curve during the period 2 September to 8 October 2010. Time bins are 2.5
days except near the flare peak (2-day binning). Errors are 1 SD, and time is given

Tavani+201

10-® photons ecm~2 s-!

94340 24360 54380

Time [MJD]

in Modified Julian Day (M]D). The dotted line and gray band show the average
Crab flux and the 3 SD uncertainty range. (B) The AGILE light curve during the
period 27 September to 12 October 2007 (1-day binning) with the satellite in
pointing mode. Errors are 1 SD. Time is given in M]D. The dotted line and gray
band show the average Crab flux and the 3 SD uncertainty range.
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the 2007
(Fermi-LAT data).

~October event (AG/LE data), the 2009 February event (Fermi-LAT data), the 2010 September event (Fermi-LAT data), and the 2011 April event

(A color version of this figure is available in the online journal.)
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Pulsar Wind Nebulae

- No correlated variations at other E, nor at TeV

ACIS Pixels (0.492"/pixel)

ACIS Pixels (0.492"/pixel)
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Buhler & Blanford 2014
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Mestre+ 2021
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Pulsar Wind Nebulae

Gamma—-rag variability discovered ?39 AGILE and Fermiin 2011

Short bright flares (<clay) up to x30 ) and |onger “‘waves”

No correlated variations at other L norat ey

- O -] GeV higher Part omc sgnchrotron comPonent

’ ; coae ;
magnetlc reconnection / relativistic J:)oostmg?

Sgnclﬁrotron and IC, gamma-gamma Pair Procluction

< e/ easilg detectable 399 CTA, while IC component depending on

assumed parameters (1. b
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Gamma~rag Binaries
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~ Now PSR model favoured wrt BH

1 ; Y’ * jet termination shock
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Gamma-ray Binaries
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-~ PWN analogues | | massive

More compact / Hig}wcr B variabilitg / visible

ditferent angles

. BRBCNS

= Sgﬂchro’crOﬂ +1IC ./ yy - Pair Production pulsar wind termination shock

shocked H f

stellar wind stellar wind
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Gamma~rag Binaries

~ Massive star (O/Be) + Neutron Star (or BH 7)

- HE and/or VHE emission dominates SED

- Orbital variabilitg + flares

-~ Now PSR model favoured wrt BH

~ PWN analogues (more compact / Higher B / variability / visible different angles)

i Sgnchrotron S/ gy Pair Procluction

i 70200 expected in the Galaxg (Dubus+2017)
" Many |ow~clut9 cgcle to be discovered (Iong Porb)
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MAGIC UL for combined selected time bins
MAGIC UL for the observation on June 26th
Extrapolation from LAT curve

Error contour of the LAT curve
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Micro QSOs

- Collimated relativisticjets In galactic binaries with BH
(or NS?)

- More than 20 in Galaxg but onlg a few detected at HE
(CUEX-s, Cye X1, 5545, ..7)

~ Very bright outbursts from transients (eg i 6 ng,
MAXIJI820+070,..)

~ Onlg UL so far at VHE
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~ accretingWD unclergoing
feclnrent outbu rsts
caused bﬂ thermonuclear

Ul nawag CXPIOSiOﬂS

A" AR ML AT NI > cae N AR i S Y e e
y o YA RN AT S R

Novae

Credit: David A.Hardy/ www.astroart.org & PPARC.
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THE ASTROPHYSICAL JOURNAL, 912:19 (20pp), 2021 May 1

B Galactic [ Extragalactic “

Della Valle 1992
Della Valle+ 1994
Shafter+ 2000
Darnley+ 2006
Allen 1954
Sharov 1972
Liller+ 1987
Hatano+ 1997
Shafter 2002
Shafter 2017
Ozdénmez+ 2018
PGIR M = —7.2
PGIR M = -7.9
PGIR M_b,d = —7,—8
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Novae

~ accreting WD undergoing recurrent outbursts caused bg
thermonuclear runaway explosions

- First detected at high-li with Fermi/LAT. (720 up to NOW)

~ RS OPh detected with HESS

- Observed rate 5.0 7 yr s attected ?99 dust obscuration

- Actual rate ~35-70 / yrin the Galaxg

e T — T ~,‘

Mé?Méfé;ghetti - Galactic Tra nsnéat;~~AViN Ge 2025 ~ @18 '§WO (51202

i S




0.001 0.010 0.100 1.000 10.000 100.000
P (s)




ONFIRMED MAGNETAR —

RTINS
A e VY

z“ O~




Mereghetti+ 2005

10°

Count /sec
g.5x10*%

o
Qo
L)
X
o))

Israel+ 2008

8. 6x10%

10

MET = 165283500



Adapted from SGR 1935+2154

Mereghetti et al.

AplJ 898,129 (2020) 28 April 2020 burst
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~ not clear detections at H'

SGR 1806-20

HESS Coll. 2018
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Pulsed tail . Initial spike (truncated)

Pulsed tail

Afterglow
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Adapted from Mereghetti et al. 2005, ApJ 624,1.1C
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Ma gneta rs

- (Isolated) neutron stars Powerecl bg magnetic energy

-~ Most are transients

- Short bursts, intermediate flares, Giant flares
~ Likelg related to FRB

- not clear detections at HE / VHE, but sPatial coincidences in some

Cases
~ long~|asting emission (”hr} atter Giant Flares

~ GeV detection of one extragalactic Giant Flare
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Final remarks

Mang overlaps with other KSPs (bo‘ch In targets and sci. themes)
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Final remarks

Mang overlaps with other KSPs

Most HE and VHE sources are variable.... what defines
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Final remarks

Mang overlaps with other KSPs (both In targets and sci. themes)

| 1 : .
Most HE and VHE sources are varlaale. What defines a “transient” ?

\/erg diHferent time-scales and requirements on response times
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Final remarks

Mang overlaps with other KSPs (both In targets and sci. themes)

| 1 : .
Most HE and VHE sources are varlaale. What defines a “transient” ?

Veru ditferent time-scales and requirements on response times
S, = P

“Transients KSP” rea”g needed 7 Redefine KSP based on source classes 7
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Final remarks

Mang overlaps with other KSPs (both In targets and sci. themes)

| 1 : .
Most HE and VHE sources are varlaale. What defines a “transient” ?

Veru ditferent time-scales and requirements on response times
S, = P

“Transients KSP” rea”g needed 7 Redefine KSP based on source classes 7

How do we measure “scientific return” to Italian communit9 0y
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Table 5.1: Exposure summary for the Galactic Centre KSP.

Deep Extended
exposure survey Monitoring+multi-waveband

Time requested 525h 300 h (Co-ordinated with other instruments)
Priority 1 3 2

Strategy survey survey Periodic + coordinated

Site S S S

Sub-array Full Full Full

Zenith Range <40° <50° <40°

Atmosphere Quality high high Medium

Targets Covered multiple  multiple Multiple




Table 6.3: Estimated point-source sensitivity reach of the CTA Galactic Plane Survey
for various regions of the Galactic plane.

STP LTP Total
(years 1-2) (years 3—10) (years 1-10)

Galactic Longitude Hours Sensitivity Hours Hours Sensitivity

SOUTH

300°-60°, Inner region 300 2.7 mCrab 480 780 1.8 mCrab
240°-300°, Vela, Carina 180 180 2.6 mCrab

210°-240° 60 60 3.1 mCrab
1020

NORTH

60°-150°, Cygnus, Perseus 180 4.2 mCrab 270 450 2.7 mCrab
150°-210°, anti-Centre, etc. 150 150 3.8 mCrab

600

Notes: These sensitivities correspond to an energy threshold of 125 GeV. For the
approximate effective exposure “on-axis” for each region, see Table 6.4.




KSP: Active Galactic Nuclez

Table 12.3: Summary of required observing times for the northern site (“N”) and
the southern site (“S”) for the different parts of the observation programme.

Total Total Duration
Programme N [h] S [h] [yr] Observation mode

Long-term monitoring 1110 390 107 Full array

AGN flares
Snapshots 1200 475 LSTs
Snapshots 138 68 MSTs (assuming 10 sub-arre
Verification ext. trig. 300 150 LSTs or MST sub-arrays
Follow-up of triggers 725 475 10™ Full array

High-quality spectra
Redshift sample 195 135 3 Full array
M 87 and Cen A 100 150 3 Full array

Note: The total duration of each programme is given in the fourth column, where a
(“t”) indicates a reduction of the yearly exposure time after 2 (5) years.

year1 year2 year3 yeard vyeard year6 year7 year8 year9 year10



