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Core Program  =  ~40%  of time in first 10 yrs  =    9 (+1)   Key Science Projects
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Extragalactic Survey        —> 1000  hr,   25% of sky, 6mCrab 
Gal Plane Survey                —>  1600 hr,  ~2-4 mCrab  
Galactic Center Survey    —> 825 hr 
LMC Survey                         —> 500 hr (S) 
Transients                             —> 2700 hr 

  
  

Comparison with other KSP
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Extragalactic Survey        —> 1000  hr,   25% of sky, 6mCrab 
Gal Plane Survey                —>  1600 hr,  ~2-4 mCrab,  
Galactic Center Survey    —> 825 hr 
LMC Survey                         —> 500 hr (S),  
Transients                             —> 2700 hr 

Pevatrons                             —> 200 hr  ?? 
Star forming systems       —> 720 hr 
AGNs                                    —> 3300 hr  
Galaxy Clusters                 —>  300 hr 

Comparison with other KSP
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KSP on Transients in “Science with CTA”

A) Gamma-ray Bursts 
B) Galactic Transients 
C) X-ray, optical and radio transients     

( = external alerts) 
D)High-E neutrino transients 
E) GW transients 
F) Serendipitous VHE transients 

(= internal CTA alerts  during normal observations) 
G) VHE transient survey  

(= internal CTA alerts during dedicated surveys / divergent pointings
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Hours / year / site

Early phase Years 1-2 Years 2-10

GRB 50 50 50

 Galactic 150 30 0 ?

X-ray, optical, radio  50 10 10

HE neutrinos 20 5 5

GW 20 5 5

Serendipitous VHE 100 25 25

TOTAL 390 125 95

Planned observation time for transients KSP
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Sensitivity on short timescales
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• Introduction 
• Pulsar Wind Nebulae 
• Gamma-ray Binaries 
• Micro QSOs 
• Novae 
• Magnetars 
• Remarks

OUTLINE
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- Gamma-ray variability discovered by AGILE and Fermi in 2011

0.1-5 GeV  3x increase in ~day

Pulsar Wind Nebulae 

Tavani+2011
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- Gamma-ray variability discovered by AGILE and Fermi in 2011 
- Short bright  flares (<day, up to x30 ) and longer “waves”

Pulsar Wind Nebulae 

Striani+2013
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Pulsar Wind Nebulae 

- Gamma-ray variability discovered by AGILE and Fermi in 2011 
- Short bright  flares (<day, up to x30 ) and longer “waves” 
- No correlated variations at other E, nor at TeV  

Weisskopf+2013
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Pulsar Wind Nebulae 

Buhler & Blanford 2014- Gamma-ray variability discovered by AGILE 
and Fermi in 2011 

- Short bright  flares (<day, up to x30 ) and 
longer “waves” 

- No correlated variations at other E, nor at TeV  
- ~0.1-1 GeV   —> higher E tail of synchrotron 

component 
- magnetic reconnection / relativistic boosting ? 
- Synchrotron + IC,   pair production 



S.Mereghetti - Galactic Transients -  AVENGe 2023 - Roma 30/5/2023     16

Mestre+ 2021

Pulsar Wind Nebulae 
- ~0.1-1 GeV    higher part of synchrotron component 
- magnetic reconnection / relativistic boosting ? 
- Synchrotron and IC,   gamma-gamma pair production    
- < TeV easily detectable by CTA,  while IC component depending on assumed parameters 

(  , B, …)Γe
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Pulsar Wind Nebulae 

- Gamma-ray variability discovered by AGILE and Fermi in 2011 
- Short bright  flares (<day, up to x30 ) and longer “waves” 
- No correlated variations at other E, nor at TeV  
- ~0.1-1 GeV    higher part of synchrotron component 
- magnetic reconnection / relativistic boosting ? 
- Synchrotron and IC,   gamma-gamma pair production    
- < TeV easily detectable by CTA,  while IC component depending on 

assumed parameters (  , B, …)Γe



S.Mereghetti - Galactic Transients -  AVENGe 2023 - Roma 30/5/2023     18

- Massive star (O/Be) + Neutron Star  (or BH ?) 
- HE and/or  VHE emission dominates SED 

Gamma-ray Binaries
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- Massive star (O/Be) + Neutron Star  (or BH ?) 
- HE    and/or  VHE emission dominates SED 
- Orbital variability + flares

LS5039 - Aharonian+ 2006

Gamma-ray Binaries
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- Massive star (O/Be) + Neutron Star  (or BH ?) 
- HE    and/or  VHE emission dominates SED 
- Orbital variability + flares 
- Now PSR model favoured wrt BH  

Gamma-ray Binaries

Dubus 2013
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- Massive star (O/Be) + Neutron Star  (or 
BH ?) 

- HE    and/or  VHE emission dominates SED 
- Orbital variability + flares 
- Now PSR model favoured wrt BH  
- PWN analogues  
More compact / Higher B / variability / visible 
different angles 
- Synchrotron + IC  /    𝛾 𝛾  - pair production 

Gamma-ray Binaries
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- Massive star (O/Be) + Neutron Star  (or BH ?) 
- HE    and/or  VHE emission dominates SED 
- Orbital variability + flares 
- Now PSR model favoured wrt BH  
- PWN analogues  (more compact / Higher B / 

variability / visible different angles) 
- Synchrotron + IC  /    𝛾 𝛾  - pair production 
- 50-200 expected in the Galaxy   (Dubus+2017) 

Many low-duty cycle to be discovered (long 
Porb)

Dubus+ 2017

Gamma-ray Binaries
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- Collimated relativistic jets in galactic binaries 
with BH  (or NS?)  

Mirabel & Rodriguez 1998

Micro QSOs
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- Collimated relativistic jets in galactic binaries with BH  (or NS?)  
- More than 20 in Galaxy but only a few detected at HE  (Cyg X-3,  Cyg X-1, SS433, …? ) 

FermiLAT Coll. 2009

Cyg X-3   

Micro QSOs
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- Collimated relativistic jets in galactic binaries with BH  (or NS?)  
- More than 20 in Galaxy but only a few detected at HE.  (Cyg X-3,  Cyg X-1, SS433, …? )  
- Very bright outbursts from transients (eg  V404 Cyg, MAXIJ1820+070,..) 

Abe et al 2018

MAXI J1820+070

Micro QSOs
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Micro QSOs

                 Ahnen+ 2017

V404 Cyg   
- Collimated relativistic jets 

in galactic binaries with BH  
(or NS?)  

- More than 20 in Galaxy 
but only a few detected at 
HE  (Cyg X-3,  Cyg X-1, 
SS433, …? )  

- Very bright outbursts from 
transients (eg  V404 Cyg, 
MAXIJ1820+070,..)  

- Only UL so far at VHE
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Micro QSOs

- Collimated relativistic jets in galactic binaries with BH  
(or NS?)  

- More than 20 in Galaxy but only a few detected at HE  
(Cyg X-3,  Cyg X-1, SS433, …? )  

- Very bright outbursts from transients (eg  V404 Cyg, 
MAXIJ1820+070,..)  

- Only UL so far at VHE
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- accreting WD undergoing 
recurrent outbursts 
caused by thermonuclear 
runaway explosions

Novae
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- accreting WD undergoing 
recurrent outbursts 
caused by thermonuclear 
runaway explosions 

- First detected at high-E by 
Fermi/LAT 
(~20 up to now) 

V407 Cyg 

Novae
Fermi/LAT coll. 2010
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- accreting WD undergoing recurrent outbursts 
caused by thermonuclear runaway explosions 

- First detected at high-E by Fermi/LAT 
(~20 up to now) 

- RS Oph detected with HESS 

Novae
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- accreting WD undergoing 
recurrent outbursts caused by 
thermonuclear runaway 
explosions 

- First detected at high-E with 
Fermi/LAT.   (~20 up to now)  

- RS Oph detected with HESS 
- Observed rate ~5-10 / yr   is 

affected by dust obscuration 
- Actual rate  ~ 35-70 /yr in the 

Galaxy 

Novae
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- (Isolated) neutron stars powered by 
magnetic energy

Magnetars
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- (Isolated) neutron stars powered by magnetic energy 
-  ~30,   most are transients 

Magnetars
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- (Isolated) neutron stars powered by 
magnetic energy 

-  Most are transients  
- Short bursts,  intermediate flares,  Giant 

flares 

Magnetars

Israel+ 2008

30 sec

Israel+ 2008

Mereghetti+ 2005
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- (Isolated) neutron stars 
powered by magnetic energy 

-  Most are transients  
- Short bursts,  intermediate 

flares,  Giant flares 
- Likely related to FRB 

Magnetars

RADIO
X-RAYS

SGR 1935+2154

28 April 2020 burst

Adapted from
Mereghetti et al.
ApJ 898,L29 (2020)
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SGR 1806-20    
 HESS Coll. 2018 

Magnetars
- (Isolated) neutron stars powered by magnetic energy 
-  Most are transients  
- Short bursts,  intermediate flares,  Giant flares 
- Likely related to FRB 
- not clear detections at HE / VHE,   but spatial coincidences in some cases 
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- (Isolated) neutron stars 
powered by magnetic energy 

-  Most are transients  
- Short bursts,  intermediate 

flares,  Giant flares 
- Likely related to FRB 
- not clear detections at HE / 

VHE,   but spatial coincidences 
in some cases 

-  long-lasting  emission  (~hr) 
after Giant Flares

Magnetars

Initial spike (truncated)

Pulsed tail

Afterglow

Pulsed tail

Precursor

Adapted from Mereghetti et al. 2005, ApJ 624,L105SGR 1806-20
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Fermi/LAT Coll 2021

Svinkin+ 2021

Magnetars
- (Isolated) neutron stars powered by magnetic energy 
-  Most are transients  
- Short bursts,  intermediate flares,  Giant flares 
- Likely related to FRB 
- not clear detections at HE / VHE 
- long-lasting  emission  (~hr) after Giant Flares 
- GeV detection of one extragalactic Giant Flare
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- (Isolated) neutron stars powered by magnetic energy 
-  Most are transients  
- Short bursts,  intermediate flares,  Giant flares 
- Likely related to FRB 
- not clear detections at HE / VHE,   but spatial coincidences in some 

cases 
-  long-lasting  emission  (~hr) after Giant Flares 
- GeV detection of one extragalactic Giant Flare

Magnetars
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Many overlaps with other KSPs     (both in targets and sci. themes) 

Most HE and VHE sources are variable….    what defines a “transient” 

Very different time-scales and requirements on response times 

“Transients KSP”  really needed ?  Redefine KSP based on source classes ? 

How do we measure “scientific return” to Italian community ?

Final remarks
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EXTRA SLIDES
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Galactic  Center Survey



S.Mereghetti - Galactic Transients -  AVENGe 2023 - Roma 30/5/2023     49

Galactic  Plane Survey
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AGNs


