
On the observaton of supernovae in the late phases of Gamma-Ray Bursts

R. Ruffini, Y. Aimui,tov, L. Beceii,, C.L. Bi,finco, Y.C. Chefin, D.M.,. Fuks.Mm,fin, ,. r,icic,,  . ,,thews.M,
R. ,oi,di, D.M. Piimoi,c, J.A. Rued,, N. S,h,ky,fin,  .V. Veies.Mhch,gifin, Y. W,fing, S.-S. Xue

Ts.Mifing Hu, Ufiniveis.Mity (Beijifing) - Ji,o Tofing Ufiniveis.Mity (Sh,fingh,i). Augus.Mt 8-15, 2018

Abstract

Gamma-Ray Bursts: the most luminous sources in the universe

The cos.Mmic objects.M with the c,iges.Mt ecectiom,gfinetc cumifinos.Mity ifin the Ufiniveis.Me ,ie the  ,mm,-R,y 
Buis.Mts.M ( RBs.M). Ifin , ffinite tme c,s.Mtfing ces.Ms.M th,fin 100s.M, the cumifinos.Mity of s.Much , s.Mifingce object equ,cs.M the 
s.Mummed ofine of ,cc the hufindied bicciofins.M of bicciofins.M s.Mt,is.M of the Ufiniveis.Me.

The GRB families

Theie ,ie two m,ifin  RB f,micies.M: the cofing  RBs.M, c,s.Mtfing moie th,fin 2s.M, ,find the s.Mhoit  RBs.M, c,s.Mtfing 
ces.Ms.M th,fin 2s.M. Foi , few dec,des.M, ,cc  RBs.M weie cofins.Mideied to oiigifin,te fiom the foim,tofin of , 
s.Mt,find,id is.Moc,ted bc,ck hoce with ,fin ucti,iec,tvis.Mtc jejed emis.Ms.Miofin. Wh,t h,s.M become cce,i ifin 
iecefint ye,is.M is.M th,t ,cc  RBs.M oiigifin,te ifin bifin,iy s.Mys.Mtems.M compos.Med by v,iious.M combifin,tofins.M of 
evocved FeCO coies.M, white dw,ifs.M, fineutiofin s.Mt,is.M ,find bc,ck hoces.M. Ifin moie iecefint ye,is.M it h,s.M become
,cs.Mo cce,i th,t s.Mhoit  RBs.M iepies.Mefint the ffin,c outcome of the evocutofin of the bifin,iy s.Mys.Mtems.M which 
pievious.Mcy emijed , cofing  RB. Coiies.Mpofindifingcy, eight difeiefint s.Mubcc,s.Ms.Mes.M of  RBs.M h,ve beefin 
cofinceived [s.Mee t,bce becow ,find Ruffini, et ,c., ApJ, 832 (2016) 136].

The single supernova evoluton

The ufindeis.Mt,findifing of s.Mifingce s.Mupeifinov,e s.Mtcc pies.Mefints.M s.Mome outs.Mt,findifing piobcems.M, ifin the ,jempt to 
expc,ifin the s.Mupeifinov, eject, ofincy ifin teims.M of feimiofins.M fucfccifing bet, equicibiium ufindeigoifing 
gi,vit,tofin,c cocc,ps.Me. The emis.Ms.Miofin of the s.Mupeifinov, eject, is.M s.Mtcc ufins.Mocved, ,find it is.M cikecy th,t the 
s.Mocutofin of this.M piobcem fineeds.M the ifintioductofin of ,dditofin,c ecectiom,gfinetc efect. Wh,t is.M cce,i is.M 
th,t, ifin the e,icy ph,s.Mes.M of the gi,vit,tofin,c cocc,ps.Me of the fineutiofin s.Mt,i, , veiy iich pioces.Ms.M of 



finucce,i buifinifing occuis.M, ce,difing to the foim,tofin of , coie m,de by Nichec ,find Cob,ct. It is.M piecis.Mecy 
this.M coie th,t, ufindeigoifing finucce,i dec,y, pioduces.M the optc,c s.Mupeifinov, emis.Ms.Miofin pe,kifing ,fei 
,bout 15 d,ys.M.

The cosmic matrix

Ifin ,cc c,s.Mes.M of cofing  RBs.M, the tiiggei oiigifin,tes.M ifin , s.Mupeifinov, evefint occuiiifing ifin , tght bifin,iy 
s.Mys.Mtem compos.Med of ,fin evocved FeCO coie ,find , comp,finiofin fineutiofin s.Mt,i. The fuithei evocutofin of 
the s.Mys.Mtem depefinds.M ofin the s.Mep,i,tofin of the bifin,iy compofinefints.M, ,find, coiies.Mpofindifingcy, ofin the 
peiiod of the bifin,iy s.Mys.Mtem. As.M , fufinctofin of this.M s.Mep,i,tofin, the hypeiciitc,c ,ccietofin of the 
s.Mupeifinov, eject, ofinto the comp,finiofin fineutiofin s.Mt,i m,y ce,d to the foim,tofin of , moie m,s.Ms.Mive 
fineutiofin s.Mt,i (ifin which c,s.Me it is.M c,cced , X-R,y Fc,s.Mh, XRF) oi of , bc,ck hoce (ifin which c,s.Me it is.M c,cced 
, Bifin,iy D.Miivefin Hypeifinov,, BdHN): ,fin ,uthefintc  cos.Mmic m,tiix”. The s.Mucces.Ms.Mive evocutofin of the 
s.Mys.Mtem, ,cc the w,y to the c,tes.Mt ,feigcow ph,s.Mes.M pies.Mefints.M finew phefinomefin, whos.Me detect,bicity is.M 
s.Mtiofingcy depefindefint ofin the viewifing ,fingce of the s.Mys.Mtem (e.g. ucti,iec,tvis.Mtc piompt emis.Ms.Miofin, h,id 
x-i,y f,ies.M, s.Mof x-i,y f,ies.M, extefinded theim,c emis.Ms.Miofin, ti,fins.Mitofin fiom the s.Mupeifinov, to the 
hypeifinov, ph,s.Me, etc.). The mos.Mt s.Mtiikifing ies.Muct is.M th,t the optc,c emis.Ms.Miofin of the s.Mupeifinov,, 
pe,kifing ,fei 15 d,ys.M, ,ppe,is.M to be quite ufiniveis.M,c, ifindepefindefint of the difeiefint piopeites.M of the 
pievious.M  RB ph,s.Mes.M.

The case of GRB 180720B: a BdHN (see GCN 23019)

The foccowifing s.Mteps.M ,ie ifin piifincipce obs.Meiv,bce:

1) Supeifinov, expcos.Miofin ,find foim,tofin of the finew fineutiofin s.Mt,i
[s.Mee e.g. Rued, & Ruffini, ApJL, 758 (2012) L7]

2) Hypeiciitc,c ,ccietofin ofin the bifin,iy fineutiofin s.Mt,i comp,finiofin
[s.Mee e.g. Fiyei, Rued,, Ruffini, ApJL, 7 3 (2014) L36]

3) The ie,chifing of the comp,finiofin fineutiofin s.Mt,i ciitc,c m,s.Ms.M
[s.Mee e.g. Beceii,, et ,c., ApJ, 833 (2016) 107]

4) The foim,tofin of the bc,ck hoce
[s.Mee e.g. Beceii,, et ,c., ApJ, 833 (2016) 107]

5) The foim,tofin of the optc,ccy thick e+e- pc,s.Mm,
[s.Mee e.g. Ruffini, et ,c., A&A, 35  (2000) 855]

6) The ucti,iec,tvis.Mtc piompt emis.Ms.Miofin
[s.Mee e.g. Ruffini, et ,c., ApJL, 581 (2002), L1 ]

7) The ti,fins.Mitofin fiom the s.Mupeifinov, to the hypeifinov, ph,s.Me
[s.Mee e.g. Ruffini, et ,c, ,iXiv:1712.05001]

8) The x-i,y f,ies.M
[s.Mee e.g. Ruffini, et ,c., ApJ, 852 (2018) 53]

 ) The ,feigcow
[s.Mee e.g. Ruffini, et ,c., A&A, 565 (2014) L10]

10) The optc,c emis.Ms.Miofin of the s.Mupeifinov,
[s.Mee e.g. Ruffini, et ,c., ApJ, 7 8 (2015) 10]

11) The s.Me,ich foi the bc,ck hoce ifin the s.Mupeifinov, iemfin,fint.



The case of GRB 180728A: a XRF (see GCN 23066)

The foccowifing s.Mteps.M ,ie ifin piifincipce obs.Meiv,bce:

1) Supeifinov, expcos.Miofin ,find foim,tofin of the finew fineutiofin s.Mt,i
[s.Mee e.g. Rued, & Ruffini, ApJL, 758 (2012) L7]

2) Hypeiciitc,c ,ccietofin ofin the bifin,iy fineutiofin s.Mt,i comp,finiofin
[s.Mee e.g. Fiyei, Rued,, Ruffini, ApJL, 7 3 (2014) L36]

3) The foim,tofin of the m,s.Ms.Mive fineutiofin s.Mt,i
[s.Mee e.g. Beceii,, et ,c., ApJ, 833 (2016) 107]

4) The foim,tofin of the optc,ccy thick e+e- pc,s.Mm,
[s.Mee e.g. Ruffini, et ,c., A&A, 35  (2000) 855]

5) The ucti,iec,tvis.Mtc piompt emis.Ms.Miofin
[s.Mee e.g. Ruffini, et ,c., ApJL, 581 (2002), L1 ]

6) The ti,fins.Mitofin fiom the s.Mupeifinov, to the hypeifinov, ph,s.Me
[s.Mee e.g. Ruffini, et ,c, ,iXiv:1712.05001]

7) The ,feigcow
[s.Mee e.g. Ruffini, et ,c., A&A, 565 (2014) L10]

8) The pucs.M,i cike pioces.Ms.Mes.M of the bifin,iy fineutiofin s.Mt,i s.Mys.Mtem ifins.Mide the s.Mupeifinov, iemfin,fint.



https://gcn.gsfc.nasa.gov/gcn3/23019.gcn3

TITLE:   GCN CIRCULAR
NUMBER:  23019
SUBJECT: GRB 180720B: Testing the universality of the newly born neutron star in

   BdHNe
DATE:    18/07/22 22:30:27 GMT
FROM:    Remo Ruffini at ICRA  <ruffini@icra.it>

R. Ruffini, Y. Aimuratov, C. L. Bianco, Y. C. Chen, D. M. Fuksman, M. Karlica, 
R. Moradi, D. Primorac, J.A. Rueda, N. Sahakyan, Y. Wang, on behalf of the 
ICRANet team, report:

GRB 180720B (Siegel et al., GCN 22973) is a long GRB with isotropic energy 
~6.0e53 erg (Frederiks et al., GCN 23011). It belongs to the long GRB subclass 
of Binary Driven Hypernovae (BdHNe) (Ruffini et al., 2016, ApJ, 832, 136), with 
energies larger than 1e52 erg and GeV radiation, which allows the determination 
of the black hole mass (Ruffini et al., arXiv:1803.05476). It includes GRB 
130427A associated to SN 2013cq (Ruffini et al., GCN 14526, Xu et al., GCN 
14646), as well as GRB 160625B (Troja et al., 2017). The comparison of X-ray 
light-curves is attached [1], plotted in the rest frame of the sources. These 
sources are polar views from the normal to the plane of the binary progenitor 
(Ruffini et al., arXiv:1803.05476). In GRB 180720B, which has redshift z = 0.654
(GCN 22996), being a BdHN, a supernova is expected to peak, using the averaged 
observed value (Cano et al., 2016), at 21.8 +/ 4.3 day after the trigger (11 
August 2018, uncertainty from August 7th to August 15th): the prolonged 
observations of the afterglow in all bands, especially the optical band, is 
recommended to further probe the nature of the supernova and of the newly born 
neutron star, strikingly constant in all BdHNe (see also Becerra et al., 
arXiv:1803.04356).

[1] Link: http://www.icranet.org/documents/20180721.jpg

Caption of figure: Three BdHNe with polar views from the normal to the plane of 
the binary progenitor, pointing to the similarities. GRB 130427A with redshift 
z=0.34 is associated to the companion supernova SN 2013cq. GRB 160625B has 
redshift z=1.406, which is too far for the optical observation of the associated
supernova (Woosley & Bloom, 2006). GRB 180720B with redshift z=0.654 is expected
to have the observation of an associated supernova.



https://gcn.gsfc.nasa.gov/gcn3/23066.gcn3

TITLE:   GCN CIRCULAR
NUMBER:  23066
SUBJECT: GRB 180728A: A long GRB of the X-ray flash (XRF) subclass, expecting 
supernova appearance
DATE:    18/07/31 10:29:39 GMT
FROM:    Remo Rufinni at ICRA  <ruffini@icra.it>

R. Ruffini, Y. Aimuratov, C. L. Bianco, Y. C. Chen, D. M. Fuksman, M. Karlica, 
R. Moradi, D. Primorac, J.A. Rueda, N. Sahakyan, Y. Wang, on behalf of the 
ICRANet team, report:

GRB 180728A has T90=6.4s (P. Veres et al., GCN 23053), peak energy 142 (-15.+20)
keV, and isotropic energy (2.33 +/- 0.10)x10^51 erg (D. Frederiks, et al., GCN 
23061). It presents the typical characteristic of a subclass of long GRBs called
X-ray flashes (XRFs, see Ruffini et al., ApJ 832 (2016) 136), originating from a
tight binary of a FeCO Core undergoing a supernova explosion in presence of a 
companion neutron star (NS) which undergoes hypercritical accretion. The outcome
(see Fig. [1]) is a new binary composed by a more massive NS (MNS) and a newly 
born NS (vNS). Using the averaged observed value (Cano et al., 2016), and 
considering the redshift z=0.117 (A. Rossi et al., GCN 23055), a bright optical 
signal will peak at 14.7 +/- 2.9 days after the trigger (12 August 2018, 
uncertainty from August 9th to August 15th) at the location of RA 253.56472 and 
DEC -54.04451, with an uncertainty 0.43 arc sec (S. J. LaPorte et al., GCN 
23064). The follow-up observations, especially the optical bands for the SN, as 
well as attention to binary NS pulsar behaviors in the X-ray afterglow emission,
are recommended.

[1] Link: http://www.icranet.org/documents/180728A_f1.png

Figure Caption: Snapshot of the binary system formed by the MNS and by the vNS 
together with the SN ejecta density. See for details Fig. 7 of Ruffini et al., 
ApJ 832 (2016) 136.

http://www.icranet.org/documents/180728A_f1.png

