ez b0

¢

cn;s S\/O/\/\

ECLAIRS NP
ﬂ Ultra-Long Gamma-Ray Bursts
A detection with SVOM/ECLAIRS
Nicolas Dagoneau (CEA Paris-Saclay IRFU/DAp - AIM)
unlver5|té. 2020 Elbereth Conference - 26/02/2020

PARIS-SACLAY




Gamma-ray

ECLAIRs Ultra-long GRBs Simulations
bursts

Gamma ray bursts are the most energetic

(electromagnetic) phenomenain the universe. Results of

two scenarios (stellar fate).
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Space based multi-band astronomical Variable Object Monitor
French (CNES) - Chinese (CNSA/CAS) collaboration
Expectedto begin operationin 2022
A multi wave-length mission with space based and ground based instruments

ECLAIRs
- Widefield X-ray/gamma
telescope
- GRBtrigger I I
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Mechanical and thermal models (STM) of the instruments on the satellite qualification model and environmental
tests (CNES/SECM)
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Hard X-ray and gamma coded mask telescope

- 4-150keV

- Wide field of view (2sr ~ 1/6 of the sky)

- Localization <12 arcmin

- Triggers: Count-rate trigger with imaging (10 ms - 20s) and
Image trigger (20s - 20 min)

- Onboard triggers with localization: about 65 GRB/year

- Welladaptedto low E-peak GRBs

o=-1.0 B=-3.0
AE=4-50 keV

5.50, At=1s
(42.603%0.001c, At=605)
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SVOM/ECLAIRs
--------- INTEGRAL/IBAS [Mereghetti and Goetz, JASF web site]
--------- CGRO/BATSE [Band et al 2003 Fig.2]

--------- SWIFT/BAT [Band et al 2006 Fig 3b] P- SiZ U n et a I .
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Some GRBs show an extraordinarily long duration of more than 1000 s (Gendre et al., Levan et al., 2013).

~10 have been detected by Swift/BAT.

Possible progenitors (central engine has to be powered during a longer time than usual long GRBs) :

Collapse of low-metallicity supergiant blue star (Gendre et al., 2013)

Magnetar birth following the collapse of a massive star (Greiner et al., 2015)

Collapse of a Pop lll star (Nakauchi et al., 2012, Kinugawa et al., 2019)
Just the tail of the distribution ? (Virgili et al., 2013)
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SVOM pointings durations over one year
- To better understand ulGRBs (duration, prompt and

afterglow phase) and distinguish from long GRBs: g 107
- requires long pointings é
- requires follow-up observations % 107
5
SVOM/ECLAIRs may help! 8 107
- SVOM has long stable pointings (up to ~ one day) g‘ |
- SVOM has multi-wavelengths instruments 0 5 10 15 20 25 I I3'o

Time (hours)

How would ECLAIRs have seen Swift ulGRBs ?
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Inputs: - Ray-tracing simulation (GRB + background
- 10 ulGRBs detected by Swift/BAT photons are projected one by one through the
mask)

(lightcurves and spectra) - Trigger prototype software

Assumptions:

- Onlythe GRBisinthe field of view (no Earth,

Output:

- GRBsignalto noiseratio

no know X-ray sources
y ) - Detection time scale (within10ms - 20min)

- Backgroundis only Cosmic X-ray

background (Moretti et al,. 2009)

- Detection energy scale (within 4-120 keV)

- Localizationerror

Parameters: _ _ _
- Detection ratio (humber of detections over the

- Eachburstisinjected at 1000 different

positionsin the field of view /

1000 simulations)
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Redshifted ulGRBs
As we know the ulGRBs redshift we can compute redshifted lightcurves and spectrato
create a synthetic population - Detection ratio according redshift.

Detection time scale with the image trigger (T = 20.48s x 2"°1)
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Expected ulGRBs rate in ECLAIRs (compared to Swift-like bursts) N (< z,)
Eclairs h

Nowirt(< zp)

Number of bursts (closer than redshift horizon) is estimated from GRB

population model (determined by the star-formation rate under the assumption there
is no GRB redshift evolution) (Atteia et al., 2017) for ECLAIRs and Swift

(Zh,Switt 1 dV(z
N(< 2hswise) o Psm(z) 5y
' 0 1+2z dz

- For ECLAIRs, redshift horizon is determined by simulation (last
redshift at which the burst is detected).

- For Swift, redshift horizon is estimated from the number of N (ZO) 1
photons in redshifted lightcurves. Redshift horizon is SNRgety (2) = SNR(20) ==
reached at SNR=6.5 (same threshold than ECLAIRS). Nph(z) feoding
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Expected ulGRBs rate in ECLAIRs (compared to Swift-like bursts)

Arateis determined for each burst

Ultra-long GRBs

Simulations

- After normalization (mission duty cycle and size of field of view), we got a global mean factor:1.57in

favor of ECLAIRS.

ECLAIRs benefits from long imaging
scales (up to 20 min) and low-energy
threshold (4 keV).

The « offline ground trigger » could
enhance the detection results (but with
singificant delay ~12 h, no follow-up
observations).

We only simulated events detected by
Swift, some may be missed: discovery
space!
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Conclusion

« Gamma-rayburstare transient very energetic events

« Ultra-long GRBs may form a specific family of bursts

« SVOM mayoperatedin 2022 with space and ground multi-wavelengths instruments

« SVOM mayplayaroleinunderstanding ulGRBs (may detect ulGRBs at a rate x 1-2 of Swift)

« SVOMwill open adiscovery space thanks toits low energy threshold (4 keV vs. 15 keV for Swift)
and long time imaging.

Perspectives:

 Influence of the low energy threshold on the detection rate (what if 4 keV cannot be achieved ?)

Thanks iﬁq i%q Follow @SVOM_mission!
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ECLAIRs field of view
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From detector image to sky image
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VHF network
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