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«B0O3MOXHOCTb OTOXXOECTBIEHUSA KaKoro-
NMbo KoOMMakTHoro obbekTa ¢ Yl 3aBucuT, B
YaCTHOCTU, OT TOro, NO3BONAOT N
MMEKLLIMeCcH AaHHbIe KaTeEropn4eckm
yTBEPXOaTh, YTO Macca Habngaemoro
obbekTa bonblle MmakcuMaribHO
AONyCTUMOUN MacCbl HEUTPOHHOMU 3Be3Abl
(nnn 6enoro Kapnuka).»

(LUannpo n TeloKoNbCKKU, TOM.2, rn.9)
W

A Kakas makcumarnbHas macca H3 gonyctuma?
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paBnanHammka (CKansapHoO-TeH30pPHaA rpaBUTaLnAa) U QUCKPETHbLIN

(1)

(2)

(3)

CNEeKTpP MaccC 3Be3A4HbIX KOMMNAKTHbIX O0OBLEKTOB.

Habntogaembln CnekTp Macc HEMTPOHHBLIX 3Be3 1 KaHOANAATOB B YEPHbIE
Oblpbl NOKa3bIBAET SIBHOE OTCYTCTBUE KOMMNAKTHbLIX OObEKTOB C Maccamu B
UHTepBare 2-6 corfiHe4YHbIX, a B TECHbIX ABOMNHbIX 3BE34HbIX CUCTEMAX C
MasioMaCCUBHbLIMU ONTUYECKMMIN KOMMNaHbOHaMN CaMOe BEPOATHOE (MUK B
pacnpegeneHnn MaccCbl KaHONOATOB B YepPHbIE Ablpbl) 3Ha4YeHMe BIIN3KO K
7 maccam ConHua.

B nonHOCTbIO HEMETPUYECKON, MNOSieBON/CKansipHO-TEH30PHON MOAENN
rpaBUTaLMOHHOIO B3aMMOOAEUCTBUS PENSTUBUCTCKUA KOMNAKTHLIN OBBEKT C
npenesribHO CUSTbHbIM rpaBUTaLMOHHBIM MosieM (aHanor YepHbIX ablip B
OTO) nmeet nonHyto Maccy = 6.7 conHe4YHbIX Macc ¢ paguycom obnactu,
3aHATOWN BeLLeCcTBOM (KBapK-ritoOHHOW nriasmon), = 10 Km.

nOﬂFlpI/I3OBaHHOG n3nyvyeHme raMmma-BCcrsyieCkoB, YHepHOTEJIbHYIO
KOMIMOHEHTY B UX CNEeKTpe n apyrmne HabntogaTenbHble CBOMCTBA MOXHO
OO BACHUTL NMPAMbIM MNMpoABIIEHNEM MOBEPXHOCTU Y TAKNX KOJ11aricapos.
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«CaMo cyllecTBoBaHMeE YepHbIX Oblp HE O4EBUOHO
AN MHOMMX yYeHbIX. 3TO, ObITb MOXET, CaMbiu
OpamMaTU4HbIU Crop B HayKe, KOTOPbIX OacT KIoY
K OTO. Cam OUHLUTEWNH HE BEPUST B YepHbIe
ObIpbl, KOTOPbIE TOMNLKO U MOIFYT CNacTu ero
Teoputo. I cerogHsa noroBuHa OU3NKOB He
BEPUT B YEPHbIe ObIpbl, YTBEPXKOAA, YTO M3
peanbHOo BELLECTBA TakMe OOBLEKTbI MOCTPOUTL
Henb34. Y>ke oTKpbITO 300 YepHbIX Ablp, HO
cnopbl NPOAOMKAKTCS.

[ToTOMY 4UTO OCTaeTcsa BEPOATHOCTb TOr0, YTO
byoym omkpbimbl 06 bEKMbI MaKoU e Macchl,

KaK 4YepHble Obipbl, HO C epaHuyel nogepxHocmu
U Ma2HUMHbLIM MOJS1IeM. »

A7?... Hy cnacnbo n Ha ToMm! @
W
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Figure 27. The dependence of masses M, of NSs (circles and crosses) and
BHs (triangles and squares) on the companion masses M, in binary
systems (masses are in solar units M), The filled circles correspond to
radio pulsars, the open circles to X-ray pulsars, and the cross stands for the
NS in X-ray nova XTE J2132-058 [324]. The filled squares correspond to
BHs in X-ray novae and the open triangles to BHs in quasi-persistent
X-ray binaries with massive O - B companions.
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Figure 30. Histugrams of distributions of the final masses of carbon-
OXygen cores Mﬂﬂ for 23 WR stars with known masses (the bottom plot
corresponds to the case x = | in Mwr = kM, the upper plot to the case
® = 2). In the middle, the histogram of the M, mass distribution for
34 relativistic objects in binary systems is shown. (Masses M\, and M,

are in solar units M,). The high peak at (1-2)M, corresponds to a NS.

The distributions of M, are continuous, while the distribution for M, is
bimodal with a giat M, = (2—4)M_, (from Refs [377, 378]).



2. HamegaeTca IpoBaA B PACOPEACACHHAM MACC H.3. M 9.A. B
maTepBane MmMacc 2-4 Mg, . B sToMm mETEpBasne Macc 9HCAO
OTKPBITEIX H.3. 1 9.A. B ABOHHBIX CHACTEMAX OAMI3KO K HyAro. F1
B TOM CAYYA€ MOMKHO IIOKA3AaTh, 9TO HAAMYHE IIPOBAAA B
maTecpBaac 2-4 Mg, ckOpee BCcero, He cBA3aHO C 3PP eKTAME
HADAFOAATEABHOM CEACKITHM.

L M¥B

L
7B D ADA1I2 15 4 S AT I M I IF I P JEIE ST IR IR0 M

B patcore I locraroBa »m Hepermaragyka (2003)

BEBEIABHHYTA THITOTE34A, ITO IIAOCKOE
PACIIPEAEACHHE Y. A. IIO MACCAM H IIPOBAA B 3TOM
pacIapecacacHHH B parmoHe 2-4 Mg = MOryr ObBITh
CBA3AHBI C YCHACHHBIM KBAHTOBBIM HCITAapPEeHHEM
T_A., KOTOPOE CACAYET H3 HEKOTOPBIX
MHOIOMEPHBIX MOACACH TPABHTAILHH C
MAKPOCKOIIHIECKHME AOITOAHETEABHBIMEL
Ha3MepeHHuISMHA (CM., HarrpuMmep, Randall and

Sundrum, 1999).




.... CTapble paboTbl 13

1401.3032 (Tsing-Wai Wong, Christopher L. Fryer et al.,
«The Fall-back Mechanisms in Core-Collapse SNe.»):

The masses of compact remnants in a binary systems:

The mass distribution studies of compact remnants in a
binary systems npoBoAasaTCcs yke OaBHO:

e.g. Bailyn et al. 1998; Finn 1994,

Thorsett & Chakrabarty 1999;

Kaper et al. 2006; Nice et al. 2008;

“Ozel et al. 2010, 2012; Schwab et al. 2010; ... ... ... ,
B 1401.3032 MHOro cnoB 1 CCbINOK, CM. Ha CTp.3.

*TyT rmaBHOE — OCO3HaHWe rnpoodbrembl npodeccruoHanamu!
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Such a gap is puzzling in light of
theoretical studies

that predict a continuous distribution of
compact object SN remnant

masses with a smooth transition from
NSs to BHs

(Fryer & Kalogera 2001).
W
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Ozel et al., 1006.2834
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Figure 3. Parameters of an exponential black hole mass distribution with a low-
mass cutoff. The cutoff mass is well above theoretical expectations, indicating a
sizable gap between neutron-star and black hole masses. Furthermore, the mass
scale in the exponential is significantly smaller than theoretical expectations.



Ozel et al., ApJ, 757:55-, 2012
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Fig. 15.— For the case of black holes, we used the exponential distribution with a low mass cut-off at Mc = 6.32M®
and a scale of Mscale = 1.61M(Q® obtained in "Ozel et al. (2010a). The solid lines represent the weighted mass

distributions for each population, for which appropriate fitting formulae are given in the Appendix. The
distributions for the case of black holes have been scaled up by a factor of three for clarity.
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Ozel et al, 2010
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Figure 2. Solid line shows the sum of likelihoods for the mass measurements
of the 16 black holes in low-mass X-ray binaries. Note that because of the high-
mass wings of the individual likelihoods, the shape of their sum is artificial at the
high-mass end. The dashed and dotted lines show the exponential and Gaussian
distributions, respectively, with parameters that best fit the data (see Section 4).



Ozel et al., 1006.2834

the probability distribution can be described as a Gaussian

(M — My ;)?
25?\4,11

with a mean Mg ; and a standard deviation ops ;.

P;(data

M) = C;exp

(; 1s a proper normalization constant such that
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Ozel et al., 1006.2834

Orbital Parameters for 16 Black Hole Binaries

i

X-Ray Name Optical Spectral Type fiMg) q Imin Imax

Counterpart (deg) (deg) (deg)
4U 154347 IL Lup A2V N(0.25,0.01) [700.25,0.31) 1(24.0, 36.0) 19.8 734
A0620—-00 Vol6 Mon K5V N(3.1,0.04) N(0.060, 0.004)  N(51.0,09) 365 79.8
GRO J0422432 V518 Per M2+2/—1V  N(1.19,002)  N(O.116, 0.08) N(63.7,5.2) 0.0 90.0
GRO J1655—40 V1033 Sco Fo II1 N(2.73, 0.09) N(0.38, 0.05) N(69.0,3.0) 0.0 90.0
GRS 1009—45 MM Vel G5-K7V N(3.17,0.12)  N(0.137,0.015) N(62.0,5.1) 423 76.9
GRS 1124—683 GU Mus K3-K4V N(3.01,0.15)  N(0.128, 0.04) 1(54.0,65.0) 332 80.1
GRS 1915+105 V1487 Aql K0-7 111 N(9.5,3.0) N(0.058,0.033) N(70.0,2.0) 0.0 90.0
GS 1354—64 BW Cir GO-5111 N(5.73,0.29) N(0.12, 0.04) 1(27.2,80.8) 272 BO.8
GS 2000425 QZ Vul K3-6 V N(5.01,0.12) N(0.042,0.012) [(55.0,65.00 283 86.7
GS 20234338 V404 Cyg KOTV N(6.08,0.06) N(0.060,0.005) N(BO.1,5.1) 354 80.0
HI1705-250 V2107 Oph K5+2V N(4.86,0.13) U0, 0.053) 1{48.0, 90.0) 0.0 90.0
SAX JI819.3-2525 V464l Sag B9 111 N(2.74,0.12) N{0.67, 0.04) 1(80.0,90.0) 448 69.6
XTE J1118+480 KV UMa K5V N(6.27,004)  N(0.024,0.009) [(68.0,82.00 218 89.4
XTE J1550—564 V381 Nor K3+ 11 N(7.65,0.38) U(0.031,0037) N57.7,71.1) 265 82.0
XTE J1650—500 G5-K4 111 N(2.73, 0.56) Ui, 0.5) N(75.2,5.9) 0.0 90.0
XTE J1859+226 V406 Vul K5-7TV N(4.5,0.6) uion, 0.5) Ni{60.0,3.0) 0.0 90.0



... NPOBEpKa Ha Joporax:

Farr et al. 2011,
Kreidberg et al. 2012;
Kiziltan et al. 2013,

+ ctatbs komaHabl TAVLL (Metpos B.C., Hepenawyk A.M.,
AHTOXMHa 3.A., 2014)

Kreidberg et al. 2012
(Particularly) o maccax KOMNakTHbIX OObEKTOB
In systems with a faint companion star
g = Mopt / Mx =0.1
[na Takmx cuctem ontuyeckas 3aeesga — npobHoe Tero:

¥



Farr_et_al,2011,ApJ, 741,103

THE MASS DISTRIBUTION OF STELLAR-MASS BLACK HOLES

WiLL M. Farr!'. NiHARIKA SRAVAN!. ANDREW CANTRELLZ, LAURA KREIDBERGZ. CHARLES D. BAILYNZ,

[LyaA MANDEL?*, AND VicKY KALOGERA'
! Northwestern University Center for Interdisciplinary Exploration and Research in Astrophysics, 2145 Sheridan Rd..,
Evanston, [L. 60208, USA; w-farr@ northwestern.edu, niharika.sravan@ gmail.com, vicky @ northwestern.edu
? Department of Astrophysics, Yale University, P. O. Box 208101, New Haven, CT 06520,
USA; andrew.cantrell @yale.edu, laura.kreidberg @vyale.edu, charles.bailyn@yale.edu
3 Kavli Institute, Massachusetts Institute of Technology, Cambridge, MA 02139,
USA; ilyamandel @chgk.info

We conclude that our sample of BH
masses provides strong evidence of
a gap between the maximum NS mass
and the lower bound on BH masses.
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THE AsTrROPHYSICAL JOURNAL, 757:36 (17pp), 2012

MASS MEASUREMENTS OF BLACK HOLES IN X-RAY TRANSIENTS: IS THERE A MASS GAP?

Laura KREIDBERG! 2, CHARLES D. BarLyn!, WiLL M. Farr?#*, AND Vicky KALOGERA®
] Department of Astronomy, Yale University, New Haven, CT 06520, USA

IS THERE A MASS GAP?



Kreidberg et al. 2012

No Name Meompl Mg, IP Mgl Mg ]
1 XTEJT118+480 0.22+0.07 6.9-8.2
2 XTEJ1550-564 0.3+0.07 10.5£1.0
3 GS2000+25 0.16 =0.47(0.315) ~ 6.55
4 GROJ0422+32 ~ 0.45 ~ 10.4
5 GRS1009-45 (Nova Vel 1993) ~ 0.5 ~ 8.5
6 GROJ1716-249 (Nova Oph 1993) ~ 0.5¢ > 4.0
7 GX3394 0.3+ 1.1(0.54) =17
8 H1705-25 (Nova Oph 1977) 0.15=1.0 49-79
9 A0620-00 (V616 Mon) 0.68+0.18 024+1.0

10 XTEJ1650-50(0) 0.7¢ ~ 5.1

11 XTEJ1859+226 0.7¢ 77413

12 (820234338 (V404 Cyg) 0.5+ 1.0(0.7) ~ 6.08

13 GRS 1124-68 (Nova Mus) 0.3 +2.5(0.8) 6.95L0.6

14 GRS1915+105 0.8+0.5 120124

15 GS 1354-64 (BW Cir) 1.03¢ 76407

16 GROJ1655-40 1.45£0.35 6.3+0.5

17 4UU1543-47 2.3+2.6(2.45) 27=75

18 XTEJ1819-254 (V4641 Sgr) 5.49+-8.14(6.81) g73-11.70

19 CygX-1 persistent 19.2+1.9 '

148 £0.1
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 The first study of the mass distribution of
stellar-mass BHSs, in Bailyn et al. (1998),
examined a sample of seven low-mass X-
ray binaries thought to contain a BH,

 concluding in a Bayesian analysis that
the mass function was

strongly peaked around 7 Q.
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Figure 2. Solid line shows the sum of likelihoods for the mass measurements
of the 16 black holes in low-mass X-ray binaries. Note that because of the high-
mass wings of the individual likelihoods, the shape of their sum is artificial at the
high-mass end. The dashed and dotted lines show the exponential and Gaussian
distributions, respectively, with parameters that best fit the data (see Section 4).



Ozel et al., 1006.2834

10 [ ] ] ] p
&: Theoretical
8| N »~ Expectation _
AN
. '-%
_ N -
= °r g N
5 A
Eﬁ AL § | 95% |
5 1
L
Z |
5k I 68% |
| (]
I
| I | | | |
0 2 4 6 8 10

Cut-off Mass M. (M)

Figure 3. Parameters of an exponential black hole mass distribution with a low-
mass cutoff. The cutoff mass is well above theoretical expectations, indicating a
sizable gap between neutron-star and black hole masses. Furthermore, the mass
scale in the exponential is significantly smaller than theoretical expectations.
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Farr et al. 2011 = FAULLU-eBckas Tabn.1

Table 1
The Source Parameters for the 20 X-ray Binaries Used in This Work
Source fiMz) q 1 (deg) References
GRS 1915 N(9.5.3.0) N{0.0857, 0.0284) N(70, 2) Greiner et al. (2001)
XTEJ1118 N(6.44,0.08) N(0.0264, 0.004) N(68,2) Gelino et al. (2008)
Harlaftis & Filippenko (2005)
XTE 11650 N(2.73,0.56) U(0,0.5) 1(50, 80) Orosz et al. (2004)
GRS 1009 N(3.17.0.12) N(0.137,0.015) 1(37, 80) Filippenko et al. (1999)
A0620 N(2.76, 0.036) N(0.06, 0.004) N(50.98, 0.87) Cantrell et al. (2010)
Neilsen et al. (2008)
GRO J0422 N(1.13,0.09) U(0.076, 0.31) N(45, 2) Gelino & Harrison (2003)
Nova Mus 1991 N(3.01.0.15) N(0.128,0.04) N(54,1.5) Gelino et al. (2001)
GRO J1655 N(2.73.0.09) N(0.3663, 0.04025) N(70.2,1.9) Greene et al. (2001)
4U 1543 N(0.25,0.01) U/(0.25, 0.31) N(20.7,1.5) Orosz (2003)
XTE J1550 N(7.73.0.4) U(0, 0.04) N(74.7,3.8) Orosz et al. (2011)
V4641 Sgr N(3.13,0.13) U/(0.42, 0.45) N(75,2) Orosz (2003)
GS 2023 N(6.08.0.06) U(0.056, 0.063) 1(66, 70) Charles & Coe (2006)
Khargharia et al. (2010)
GS 1354 N(5.73.0.29) N(0.12, 0.04) 1(50, 80) Casares et al. (2009)
Nova Oph 77 N(4.86.0.13) U0, 0.053) 1(60, 80) Charles & Coe (2006)
GS 2000 N(5.01.0.12) U(0.035, 0.053) 1(43, 74) Charles & Coe (2006)
Cyg X1 N(0.251, 0.007) N(2.778, 0.386) 1(23, 38) Gies et al. (2003)
M33 X7 N(0.46, 0.08) N(4.47,0.61) N(74.6, 1) Orosz et al. (2007)
NGC 300 X1 N(2.6,0.3) U(1.05, 1.65) 1(60, 75) Crowther et al. (2010)
LMC X1 N(0.148, 0.004) N{(2.91,0.49) N(36.38,2.02) Orosz et al. (2009)
IC 10 X1 N(7.64, 1.26) U(0.7,1.7) 1(75, 90) Prestwich et al. (2007)

Silverman & Filinnenko (2008
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Figure 2. Solid line shows the sum of likelihoods for the mass measurements
of the 16 black holes in low-mass X-ray binaries. Note that because of the high-
mass wings of the individual likelihoods, the shape of their sum is artificial at the
high-mass end. The dashed and dotted lines show the exponential and Gaussian
distributions, respectively, with parameters that best fit the data (see Section 4).
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Ozel et al., ApJ, 757:55-, 2012

Likelihood
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slow PSRs

Mass (M..)

Fig. 15.— The inferred mass distributions for the different populations of NSs. The dashed lines correspond to the
most likely values of the parameters. For the different NS populations these are: MO = 1.33M® and o = 0.05MQ for
the double NSs (DNS ), MO0 =1.28MQ® and o =0.24MQ for the other NSs near their birth masses,

and MO = 1.48M@® and o = 0.20MQ for the recycled NSs.
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Figure 2. Solid line shows the sum of likelihoods for the mass measurements
of the 16 black holes in low-mass X-ray binaries. Note that because of the high-
mass wings of the individual likelihoods, the shape of their sum is artificial at the
high-mass end. The dashed and dotted lines show the exponential and Gaussian
distributions, respectively, with parameters that best fit the data (see Section 4).
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3.

lMpo6riema MaKCUMasZIbHOU MaccChbl

NS, npedenbHo xecmkoe ypasHeHue
COCMOSIHUSI U KeapKoebie 38e30bl (QSS)

On the Maximum Mass of Neutron Stars -

cM. 0630op 1307.3995

BHF BHF DEHF VS pQCD RMF RMF RMF/NJL RMF/MBM
(N)  (NH)  (N) (N)  (NQ) (N) (NH) (NQ) (NQ)

Mupax/Mg  2.0-25 13-1.6 2025 2022 2.0 2.1-28 2023 2.0-2.2 2.0-2.5




1402.6911
EMMI Rapid Reaction Task Force Meeting on

“Quark Matter in Compact Star”

A task force meeting was held from October 7-10, 2013 at
the Frankfurt Institute for Advanced Studies to address the
presence of quark matter in these massive stars.

The recent measurement of 20 pulsars has initiated an
Intense discussion on its impact on our understanding of the
high-density matter in the cores of NSs.

During this meeting, the recent observational
astrophysical data was reviewed.

The possiblility of pure quark stars, hybrid stars and the
nature of the QCD phase transition were discussed and

their observational signals delineated. + SNe & GRBsS

*



YpaBHEHUSA COCTOAHUSA:

1) P=1/3-& Mgy <2 Mo
2) P=g, ? Mgy = 3.2 Mo

[lepecmomp nipederna OV Heu3bexeH, a
mak)e 803MOXHbI Opyaue HabrirooamersibHble

crieocmeus cyujecmeogaHusi KBapKoehbixX
38e30 s lMpupode

3) P=—¢, 0Onsa TemHou SHepauu?

(P — &, 3aamo ypasHeHue J1.[].JlaHOay Ha3ean e2o asmopa .... )
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4.
Konnancap e epasuduHamMuke

(Cm. V.V.Sokolov, and S.V.Zharikov, Astrophysics and Space Science,

1993, 201, p.303 + ccbinku Tam)



4.

[ paBngHaMuKa: B 3TOM MOAENN rpaB.B3anMOOENCTBUA

(Kak U B 9NeKTpoaMHaMMKE) NOJIo NPUNUCLIBAETCS SHEPTUS =
COBepLLEHHO onpeaeneHHas YacTb Macchl Nodoro
rpaBUTUPYIOLLIENO OOBEKTA

(KaK 9NeKTpoOMarHMTHasa Macca y 3f1eKTPoHa).

Bce un3BecTtHble apdekTbl csraboz2o0 nonsi 0O6bSACHEHbLI (Kak U B
OTO), nockonbKy none B 3TUX CliydasX B OCHOBHOM TOJIbKO

TEH30pPHOE = rpaBnNTaLnA.

Ho B cusibHOM none KOMNakTHOro o6bLeKkTa BCce DOMbLUYO POrb
Ha4YMHaET urpaTtb CKanapHasi KOMNOHeHTa nonga —

oTTarkmBaHue (aHTUrpaBuTauusa/nesmTaums).

[ToniHas macca (6.7 MO) Takoro o6bLekTa yxe HanonoBuHY
COCTOUT M3 OLHOrO TOJSIbKO MOJIA — CKaSNIIPHO-TEH30PHOM CMECH. ..

A [0 Kakux NOTHOCTeN 3Heprus nonst Henokanusyema?
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5.
mass gap + SNe & GRBSs

GRB — Hayano B3pbiBa CC-SNe



MISSING BLACK HOLES UNVEIL THE SUPERNOVA EXPLOSION MECHANISM

Belczynski et al, arXiv:1110.1635v2
IDEIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

10! === OBSERVATIONS
100

: = RAPID
108 -
= = =1 DELAYED
102 r == STARTRACK
N:
s 100F
o
g 10°F
= 3
Z 10-1 .
1u—=é—
10-3 &
E-I I [ | [ [ | I [ [ [ I [ [
0 2 4 8 8 10 12 14

Mys/en(Mo]


http://lanl.arxiv.org/abs/1110.1635v2

1402.6911
EMMI Rapid Reaction Task Force Meeting on

“Quark Matter in Compact Star”

The possibility of pure quark stars, hybrid
stars and the nature of the QCD phase
transition were discussed and their
observational signals delineated. + GRBs



1402.6911
EMMI Rapid Reaction Task Force Meeting on

“Quark Matter in Compact Star”

27, 28]. The time-delay between the moment of the SN explosion and the moment of the
quark phase transition could explain a few observed features of Gamma-Ray Bursts, as e.g.
the existence of very long quiescent times seen in a few bursts [29] and the possible existence

of Gamma-Ray Bursts for which no associated SN explosion is observed [30].



Mopenb acummMmeTpuyHoro B3pbiBa GRB/SN npapoautens

...a strongly non-
spherical explosion may
be a generic feature of
core-collapse
supernovae of all types.

... Though while it is not
clear that the same
mechanism that
generates the GRB is
also responsible for
exploding the star.

astro-ph/0603297
Leonard, Filippenko et al.

The shock ?
breaks out
through the wind
The wind %6Ni synthesized
envelope behind the
shock wave

Fig. from Astro-ph/0604131, Woosley and Heger

Xomsa camo sa61eHue H€06bl‘lﬂ0€, HO 00beKmM-UCmMoOUYHUK He MAaK yoc u
yuuxanen !/?2 Uem onurce GRB-ecnviuika, mem ooavuie

npusnakoe CH.



AStro-
ph/0405427

Figure 2: A snapshot after hounee of a caleulation of a 20 M. maodel with rotation. The
surfaces are nested isodensity shells and the approximate scale is 600 kilometers, Funnels due
to an emerging centritugal barrier are clearly seen along the poles, as is an eqguatorial bulge.
(Obtained in collaboration with C. Ott and R. Walder.)



MISSING BLACK HOLES UNVEIL THE SUPERNOVA EXPLOSION MECHANISM

Belczynski et al, arXiv:1110.1635v2
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6.
On the compact
GRB model



Gamma-ray bursts (GRBs) are the brief
(~0.01-100s), intense flashes of y-rays (mostly
sub-MeV) with enormous electromagnetic
energy release up to ~10°1-10°* ergs. The
rapid temporal variability, 0T <10 msec,
observed in GRBs implies compact sources
with-a size smaller than cdT < 3000 km.

¥
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be a generic feature of
core-collapse
supernovae of all types.

... Though while it is not
clear that the same
mechanism that
generates the GRB is
also responsible for
exploding the star.

astro-ph/0603297
Leonard, Filippenko et al.

The shock ?
breaks out
through the wind
The wind %6Ni synthesized
envelope behind the
shock wave

Fig. from Astro-ph/0604131, Woosley and Heger
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arXiv:astro-[c)Dh/0309217.. Yonetoku et al.

o + +
E T + + iy + ++ tog + +
o ++ Lt ++ + -F'-:H s ++_|—_++ +ﬁ+ T +
+ gt + H +
+ M +F T+ ++ 7 +
9 + -'++.;‘!|_':I—|— #-l':'- + ﬂ+-|++ -'+++"*-"-|-:§_"+ al -:Td-ﬁ#i -ﬂ-—++ " -|I
+ + +
= o “d:%ﬂ; + +§+ S f’ﬁ* *ﬁ#ith v T B AT
"l' o ++++i_'-++ + H_:]-F & . e R "fﬁﬂ} + 4 gy +
o = S R e L L
o -+ +*$$+1ﬁ:¢ g T
= + +++h + +
¥
v 4 + -+ H
-— ++-$1¢ + 4—1-} P
ﬂ ¢+ + +.,F'_ T IIIIIIII T T TTT I| T LI IIII
S L +1 | 1<z<2  2<z<d 4<z<T T<z<l2 |
=S RN 3 :
+ E
ey I;f E
[Ty ] —
Q O i e L =
£ o " % S E 3
E mw ¥ E
3 | =
- ™ =
= + © E = -
I‘lcl: + d; Lol Lol I rrinl [T |:
— 0.1 1 10 100 1000
o Luminosity
lo ' '] '] 'l 'l I 'l '] '] '] '
- 0 5 10

Redshift
The distribution of luminosity vs. redshift derived from the Ep-—

luminosity relation. The truncation(yce4yeHue) of the lower end of the
luminosity is caused by the flux limit of Flimit = 1 x 10"-7 erg cm”-2s"-1.
The inserted figure is the cumulative luminosity function in the several
redshift ranges. The luminosity evolution exists because the break-
luminosity increase toward the higher redshift.
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One can see that at least the sufficient condition of our description of
the E,..«-Eiso COrrelation is fulfilled: the most distant GRB 050904 with
z=6.29 has the largest E,; = 3178 keV (just the highest point in this
figure).



B komnaktHon mogenn GRB aTa cBa3b (3akOH AMaTtn)
MOXeET ObITb "MPOCTLIM" cneacTBMEM Kak dopMynbl ASS
E,, = VE,E, , Tak ¥ aHM30TpONun N3nyyeHus,
CBHA3aHHON (CKopee BCero) ¢ MarHUTHLIM MoJsieM Ha
nnn B6n3n NOBEPXHOCTU KOMMAKTHOIo 00bEeKTa.

AHN3OTPONNSA, MOXET DObITb CBA3aHa C NEPEHOCOM U3NyYEHUS
B cpefe C CuUnbHbIM (perynapHbim, ~1014 - 101l ¢)
MarHMTHbIM NONeM, Korga norrfoweHune ansa oTOHOB,
NoNspPU30BaHHbIX MONEPEK MarHUTHOIO NOJSIS
(HeOBbIKHOBEHHASA BOJIHA), OKa3bIBAETCS OYEHb
ManeHbkum (B. Paczynski, 1992; V.G. Bezchastnov, G.G.
Pavlov, Yu.A. Shibanov, V.E. Zavlin,1996).

Torpa HabnraeHne CUNbLHOU JIMHEMHOW NnonaApUu3aumnn

nany4vyeHuna GRB OOMKHO ObITb
eLle oAHUM crneacTBMeM KOMMNAKTHOU Moaenu.



Evidence of polarisation in the prompt gamma-ray emission from

GRB 930131 and GRB 960924.

DE. Willis!-23 = EJ. Barloaw!, AL Bird!, D1 Clark!, A J. Dean!, ML, McConnelld, L. Moran!, 5. E
Shawl® and V. Eguerai

Abstract. The tru= naiars of the progenitcr to GHBs remains dusive; cne= characieristic that would constrain
cur understanding of the GHB mechanism considsrably is gamma ray polarimstry measurements of the initial
burst fuc. We preseni a method that interprets the prompt GEBE fux as it Compton scaiters off the Earth's
atmosphers, bas=d cn d=tailed mod=lling of both the Earth's stmcspher= and the orbiting d=ieciors. The BATSEE
mission aboard the CGERO monitorsd the whaole sky in the 20keV — 1 MV energy band continuwonsly from A pril
19591 until Jun= 3000, We preseni the BATSE Alkedo Polarimeiry System (BAPS). and show that GHB 230131 and

GHE 280924 provide svidence of polarisation in their prompt fux that is consistent with degress of polarisation

of T = 35% and I > 505 repectively. While the svidencs of polarisation & strong, the methed iz unabls i
siromgly comsirain the degres= of polarisation bevond a systematics bassd sgimation. Hence the implications on

The high dagres of linear polarisation initially reported

1 School of Physice and A strencamy, University of Southampten, 5017 1B, UK
? Max-Plande-Institut fur exiraterrestirische Physik, MPL Garching, Munich, Germary
¥ IMTEGRAL Science Data Centre, CH-1290 Verscin, Switzerland
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L 1. Introduction
-

= Whatever the mechanism, polarisation in the prompt
'_E,_gamma-ra}' flux from GREs is evidenss of strong mag-
A metic Aelds within the burst. Theories on the GRE pro-
~ duction mechanism ean be constrained by different de-
'!:..':grees af linear polarization. For largs degress of po-
oo larisation, 11 = S20%, either shock accelerated syn-
; chrotron emission or a tunad Compton-drag modsl is the
s = most likely {Lazzati et al. 2004; Coburn & Boggs 3003;
v Lyutikow et al. 20025, For intermediate degress of polari-
E sation [ 2005< I1 < G0%) two elsctromagnetic models have
amerged that involve sither synchrotron emission as the
dominant soures of radiation or as the result of viewing
the burst from just ocutside the edge of the jet | Granct
2002, Ghisellini & Lazzati 1993, Low dsgrees of polari-

I T T T - T T T P T D T T

in the prompt fux of GRE 021206 [degres of polarisation,
I = 80+ 20%, Coburn & Boggs (2003 with the REESST
axpariment [MoConnell et al. 2002 has stirmlated much
interest in the implications this has on GRE theory.
Though GRE astroncmy has the adwntags of largs Auxes,
any polarimetric measuremsants ara still dominated by sys-
tematic effectas that can only be propsrly quantified by
careful modeling. The importanss of corractly evaluating
the systematic effects is parsmount in sy measursment
of GRE polarisation as was amphasised by Wigger st al
(2004} in the thorough re-analysis of the initial REESST
result {Coburn & Boggs 2003, Wigger et al. (2004) 1e-
analysed the degres of polarisation to be IT = 41+5)
This implise that many of the proecduction mechanism the-
oTies are now similarily competitive,
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Application of Jitter Radiation: Gamma-ray Burst Prompt
Polarization

Jirong Mao!?? and Jiancheng Wang??
jirong.mao@riken. jp

Gamma-ray bursts (GRBs) are the most energetic explosions in the universe. Some
polarization detections of GRBs in the prompt ~-ray band were performed. A linear po-
larization with a degree of II = 80% =+ 20% in GRB 021206 was detected by RHESSI
(Coburn & Boggs 2003). GRB 041219A, observed by the International Gamma-Ray As-
trophysics Laboratory, also has a high degree of polarization. Values of IT = 98% + 33%
and I = 63% =£ 30% were reported by Kalemci et al. (2007) and McGlynn et al. (2007),
respectively.  Recently, ~v-ray prompt polarizations of three GRBs were detected by the
GRDB polarimeter onboard IKAROS: GRB 1003826A has an average polarization degree of
27% £ 11% (Yonetoku et al. 2011); GRB 110301A and GRB 110721A have high polarization
degrees of 70% = 22% and 84735%. respectively (Yonetoku et al. 2012). Meanwhile, theoret-
ical models are strongly required to constrain the physical origin of these highly polarized
GRDB prompt photons and to explore possible magnetic field configurations.

W



Polarization of GRB Prompt Emission

KENJI ToMmA

Department of Earth and Space Science, Osaka University, Toyonaka 560-0043,
Japan
toma@uega.ess.sci.osaka-u.ac.gp

We review the recent observational results of the gamma-ray linear
polarization of Gamma-Ray Bursts (GRBs), and discuss some theoretical
implications for the prompt emission mechanism and the magnetic com-
position of GRB jets. We also report a strict observational verification of
C'PT invariance in the photon sector as a result of the GRB polarization
measurements.

Toraa HabnwaeHue CUNbHOU NIMVHEUHOWU

nonapusauumn nanydyeHmna GRB AOMXHO
ObITb elWe oAHUM crneacTBuem
KOMMaKTHOU MoOernu.

¥



Astro-ph/0408436 F.Frontera et al.
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Fig. 6.— Top: photon spectrum of GRB011211 in the time interval A. The step-like curve
represents the best fit with the model used in Lazzati et al. (2001) (see text).
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Ecnn Bce annHHble GRBS aencrtBuTenbHO
CBA3aHbl C B3pblIBaMW CBEPXHOBbIX, TO AJIMHHbLIU
BCMJ1ECK - 9TO KoJ1iarnc MacCUBHOU 3Be3abl U
Ha4vano akcuaslbHO cuMMempu4YHo20 B3pbiBa

CH,

n BCeraa ramma-BCcrnnecku OOJTKHb
conpoBoXaaTbcd B3pbIBoM CH (Ib/c Tvna nnn
opyaux TunoB «MaccumBHbIX» CH).Torga nonHoe
9HeprosblaerieHne NCTOYHMKA BCNecka B
raMma-ny4ax BO BCAKOM Clny4ae MOXET ObITb He
bosibwe, YeM BCS dHeprua, nsanydyaemada CH
( < nnm ~ 104%3pr) 8 asrekmpomMazHUMHOM
Oviana3soHe.

HakonneHue ctatuctukn cosnageHnn GRB + SN
OyaeT TONbKO NOATBEPXKOAATb KOMMAaKTHYIO
MOAENb.



CITACUBO!



paBManHaMuka (CkansApHO-TEeH30pHasi rpaBUTaLNA) U
AVNCKPETHbIU CNEeKTP MacC 3Be34HbIX KOMMaKTHbIX OO BHLEKTOB.

Habnogaembin cnekTp Macc HEMTPOHHbIX 3BE34 U KaHOMOAaTOB B
YepHble Oblpbl NOKa3biBaAET SIBHOE OTCYTCTBME KOMMNAKTHbIX OOBLEKTOB C
MaccamMu B MHTepBarne 2 - 6 CONIHEYHbIX, @ B TECHbIX ABOUHbLIX
3Be3HbIX cMCTEMAaxX C MarnoMacCuBHbIMU ONTUYECKUMUN KOMMAHbOHaAMU
camoe BEPOATHOE 3HaYeHue (MUK B pacrnpegerieHnMn macchbl
KaHOMOaToB B YepHbIe Ablpbl) 6rm3ko K 7 maccam CornHua.

B nonHOCTLIO HEMETPUYECKON, NONeBOW/CKansapHO-TEH30PHON
MOENN rpaBUTaLMOHHOIO B3aMMOLENCTBUS PENATUBUCTCKUN
KOMMNAaKTHbIN OOBLEKT C NpeaesibHO CUSTbHBbIM rPaBUTaALNOHHbLIM MOSIeM
(aHanor YepHbix abip B OTO) nmeeT nosiHyo maccy = 6.7 COSTHEeYHbIX
Macc ¢ pagnycom obnactu, 3aHATOW BELLECTBOM (KBaPK-rIHOOHHOW
nnasmon), = 10 Km.

[lonsapr3oBaHHOE M3Ny4YeHne raMmMma-BCrniIeckoB, YePHOTEIbHYIO
KOMIMOHEHTY B UX CNEKTpe n Apyrine HabnogatenbHble CBONCTBA
MOXXHO OO BbACHMTL NPSAMbIM NPOSIBIIEHMEM NOBEPXHOCTU Y TaKUX
KOnnancapos.



... 0ennTbCA MHEHUAMUN U COMHEHUNSIMI
(a He ybexxgeHnsammn),

NbiTaTbCca NpPeacKa3aThb HOoBble a(peKThI,

cthopmynupoBaTb HabNOgaTENBHYIO
3aJa4yy n camMoMmy Xe ee pellaTb.

Puckosatb! A He dpunocodcrtBoBaTh,
00bACHANA BCe, Aaxe N «BceneHHyto B
Llenom»...



The black body radiation
with kT ~ 100 keV
for the time-resolved GRB
spectra



Gamma-ray bursts (GRBs) are the brief
(~0.01-100s), intense flashes of y-rays (mostly
sub-MeV) with enormous electromagnetic
energy release up to ~10°1-10°* ergs. The
rapid temporal variability, dT <10 msec,
observed in GRBs implies compact sources
with-a size smaller than coT < 3000 km.



arXiv:0705.1061v1, M. Battelino, F. Ryde, N. Omodei and F. Longo — On
the Black-body component and GeV(?)
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FIGURE 1. Time-resolved vF, spectra of GEB911016 assumed to have a strong high-energy com-
ponent 1 the GeVedomaimn See also fizwe 6. Leff panel: XS5PEC Hybnd model fit 1n BATSE enesgy
band: 0.704 - 1.250 5. Right panel: SBM hybnd model simulation of the same burst extrapolated in the
GLAST energy band: 1.0 - 1.1 5. The solid line describes the hybrid model, the dashed line the blackbody
component and the dot-dashed line the broken power-law. The two vertical lines i the plot describe the
energy range coverad by BATSE.
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Fig. 4— Black-body fits to the time-resolved spectra of burst 2193. The spectra correspond
to the following time bins (compare fig. [1]), 1: 1.6 — 2.4 s, 3: 3.14 —3.84 s, 5: 4.5 - 5.3 s,
7:6.0-6.7s,10: 8.0-87s,15: 11.3 -11.9s, 20: 14.6 —15.2 s, 25: 18.0 - 18.8 s, 30: 21.6
— 229 s, 42: 394 — 41 s.




The typical GRB spectra



Astro-ph/0311630 C.Barraud and the HETE-2 team

= E+ ok ) ' 3 R Z
- loEnergy. {?:ZV) > 0 ) " Energy (keV) e ) = Energy (keV) 1
GRB010213 GRB030329 GRB030328
X-Ray Flash X-Ray Rich GRB GRB
a=-128=-238, a=-1.248=-23, a=-11,8=-29,

Eo=42keV,Ep=34keV Eo=914keV, Ep=73.1keV FE,=139.4keV, Ep = 125.56 keV

Figure I.  Spectra of the different classes of GRBs: X-Ray Flashe, X-Ray Rich GRB and
GRB using both FREGATE and WXM data.
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FIGUEE 1. Dismbution of GEBs with known redshift and measured E. g as of Apnil 2008, mn the E;;-Fip plane. Fed
symbols correspond to Swift GRBs, black ones to events datected by other satellites. Ep; and E;;; values are taken from [2], [6]
and [14]; the continuous and dashed lines mdicate the best fit power-law, and the comrezponding =/-2G region, reported by [2].
Short GEBs, GEBs with spectroscopic association with 5, sub-energetic GEB=, XEFs, and other peculiar GEBs are mdicated.



arXiv:0710.5864 Tsutsui et al.
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Figure 3. Amati relation in 565 BATSE GREs. Redshifts derived
from Yonetoku relation 2y is used to estimate £, and Ey(1+z2).
The correlation coefficient is 0.92. The chance probability is 5.2 «
101 s that the correlation is tight. The solid line is Amati
relation | Amati 2006).
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Fig. 8 — The correlations between the rest frame peak energy (Epre.t) and the 1sotropic total energy
(Eiss) for the short GRBs (squares) and long GRBs (The tnnangles represent Pre-Fermu GRBs taken
from Amati et al. (2010) and the references therein and the circles represent Fermu GRBs listed 1n
Table 3). The stars are the two controversial GRBs, GRB 071227 and GRB 100816A._ The solid

lines are the best fit correlations: Ep e = 245 WK{F)G 3 for short GRBs and Ep et = lﬂﬂx[l i 051
for lonz GRBs.



time resolved spectra,
KT ~ 100 keV



But in such a model the compact source
must always have some radiating surface
(but not an event horizon) and, respectively,
always occupy some finite volume. Such an
object can have both a strong regular
magnetic field and a nonuniformly-radiating
surface connected with it. Thus, it may turn
out that GRB sources do not belong to black
holes, because properties of these massive
compact sources are quite different.



But a problem immediately arises for distant GRB
sources (e.g. [1, 2]): too large energy (>10° ergs) is
released in the observed (for the most GRBs) soft y-rays
(<511 keV and up to 1 MeV and more) in such a small
volume for the sources at cosmological distances (> 1 Gpc).
For a photon number density
n,~ (10°tergs / (m, c?)) / (c &6T)° ~ 10°7/(3000 km)3 ~
1032cm?3
two y-ray photons with a sum energy larger than 2m_c?
could interact with each other and produce electron positron
pairs. The optical depth for pair creation is given
approximately by

Teer — N, r.2 (c 6T) ~ 1015, where r, is the classical electron

radius e2/(m c?) (the cross-section for pair production is ~r,?
or ~10-%5cm? at these semirelativistic energies).

It is the essence of a so-called “compactness problem”: the
optical depth of the relatively low energy photons

(~ 511 keV) must be so large that these photons could not
be observed.



Mopenb acummMmeTpuyHoro B3pbiBa GRB/SN npapoautens

...a strongly non-
spherical explosion may
be a generic feature of
core-collapse
supernovae of all types.

... Though while it is not
clear that the same
mechanism that
generates the GRB is
also responsible for
exploding the star.

astro-ph/0603297
Leonard, Filippenko et al.

The shock ?
breaks out
through the wind
The wind %6Ni synthesized
envelope behind the
shock wave

Fig. from Astro-ph/0604131, Woosley and Heger

Xomsa camo sa61eHue H€06bl‘lﬂ0€, HO 00beKmM-UCmMoOUYHUK He MAaK yoc u
yuuxanen !/?2 Uem onurce GRB-ecnviuika, mem ooavuie

npusnakoe CH.



Astro-ph/0403399 Ph. Podsiadlowski

Table 1. Rates in an AVETREe Ea]a:-:;-.'

Hate [yr~")
Core-collapse supernovae T = 1073
Hadio pulsars {Galactic) 4 = 102
SNe Ib/fc 1 = 10—
Hypernovae e R

GHRBs {for different effective beaming angles #]

#=1" o= 101

#=A5" 3= 10-°

= 15° 3 1077
Massive stars

= | J".f:_i_. 2w 1077

= L J"{i_. B o 101

= H0 J"{_\i_. W 101

GRBs for 0 ~0.1° 7 x10-3



ll. TUNN4YHbIE CNEeKTPbI raMMa-
BCMJIeCKOB U COOTHOLLEeHUe Mmexay
NMUKOBOW U U3OTPOMNMHOU 3Heprmen

(EpEI or the Amati law) moxeT ObITb
HabnwogaTenbHbIM CrieACTBUEM
KOMMakTHoOM mogenun nctoyHmka GRB






The suggested compact GRB scenario allows also predicting the
behavior of superluminal radio components (which have
been observed for GRB 030329 (Taylor et al., 2004)).
Most likely there is no considerable deceleration of the narrow jet
(or bullet) with the Lorentz factor of order 10.

Hence we expect that the superluminal radio components related to the
jet have the following properties:

1) the radio component will move with the constant observed
superluminal velocity;

2) the characteristic observed velocity of the superluminal component
Is of the order of the Lorentz factor, i.e. of order 10 c.



16 May 2004

Stro-ph/ 0405500 v

The Angular Si1ze and Proper Motion of the Afterglow of
GHREB 030329

G. B, Taylor ', D AL Frail', E. Berger® & 5. R, Kulkarni®

ABSTRACT

The bright. pearby (z=0.1685) gamma-ray burst of 29 Mardh 2003 has pre-

serbed us with the first opportunity to directly image the expansion of o GRE.
Thi= burst renched Hux density levels at centimeter mavelengths more than 50

times brighter than sy previously studied event. Here we present the results

of a ¥LEl campaign using the YVLBA, VLA, Green Bank, Efldsherg, Arecibo,
are Westerhork telescopes that resolves the radio afterglow of GRE 0305829 and

constrains its rate of expansion. The size of the alterglow is found to be ~0.07

mas (0.2 pe) 25 days after the burst. and 0.17 mas (0.5 pe) 83 davs after the
burst. indicating an average welocity of &5, This expansion is consistent with

expectations of the standard breball model. We measure the projected proper

mobicn of GRE 030629 in the shy to <03 mas in the 80 davs following the burst,
In cheervations taken 52 days after the burst we detect an additional compec

component at a distance from the main sompeonent of 028 £ 0,05 mas (0,80 po)

The presence of this component is not expested from the standard model.




1402.6911
EMMI Rapid Reaction Task Force Meeting on

“Quark Matter in Compact Star”

The recent measurement of 20 pulsars has initiated an
Intense discussion on its impact on our understanding of the
high-density matter in the cores of NSs.

A task force meeting was held from October 7-10, 2013 at
the Frankfurt Institute for Advanced Studies to address the
presence of quark matter in these massive stars.

During this meeting, the recent observational astrophysical
data was reviewed.

The possiblility of pure quark stars, hybrid stars and the
nature of the QCD phase transition were discussed and
their observational signals delineated.



Camble nepBble cnekTpbl OT GRB
060218

(z = 0.0331)
Telescope Trirst sp astro-ph/
MDM (2.4m)  1.95 days 0603686 (Mirabal et al.)
BTA (6m) 2.55 days GCN GRB Report No 4809
ESO VLT (8m) 2.89 days 0603530 (Pian et al.)
NOT (2.56m) 3.78 days 0603495* (Sollerman et al.)

MMT (6.5m)  3.97 days 0603377 (Modjaz et al.)
Thirst sp --|.3.peM;| nocre GRB 060218

0603495* - Sollerman et al., directly in Abstract that:
"Our first spectra are earlier than spectra for any other GRB-SN.”

Jesper Sollerman cunbHO owmMbaeTcsa NOTOMY, YTO

CnekTpbl GRB 060218/SN 2006aj, nony4yeHHble Ha BTA, kKak u gnsa

GRB 030329/SN 2003dh (z = 0.1685), cHOoBa oKa3bIBalOTCH B YMCIie
cCaMbIX NnepBbIX CNEeKTPOoB ABYX camMmbix 6n1n3knx GRB/SN-BcnbIwwek.
UV-n30bITKM B paHHUX CMEeKTpaxX — 3TO B3auMoAeMnCcTBME yAapHOW BOJSIHbI
CO 3Be34HbIM BeTpoM MaccuBHom 3Be3abl (the SN Ic shock break-out)
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Velocity at the photosphere, as inferred from Fe Il lines, is plotted against time after
maximum light. The line is a power-law fit to the data, with SN 1998dt at 32 days (open
circle) excluded (Figure 22 from Branch, D. et al. 2002, ApJ, 566, 1005). Squares (SN
2008D) and Diamonds (SN 2006aj) are photosphere velocities, inferred from our spectra.
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FIGURE 2. The “genezlozv” of spectrum-energy correlations. The “name” often found in the literature is reported below each
comrelation, together with the vear. Also shown are the link between the comelations (arrows) and the relevant chservables.
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Ozel et al., 1006.2834
exponentially decaying mass distribution with a cutoft given by

exp(M:/ Mcae)
P(M; Mgcppe, M) = i c/ Micat
Mscale
exp(—M /Mgcare) , M = M, (0)
0, M < M,

This choice of the mass distribution 1s motivated by theoretical
expectations based on the energetics of supernova explosions,
as well as the density profiles and mass distributions of pre-
supernova stars. The typical value of the mass scale 1s expected
to lie in the range My, ~ 5.5-9 M (as we infer from the
various figures in Fryer & Kalogera 2001), whereas the cutoff
mass 1s simply expected to be the maximum neutron-star mass.
Our goal 1s to find the values of the mass scale Mge 1n the
exponential and the cutoff mass M. that maximize a properly
defined likelihood and to estimate their uncertainties. We will
show below that the particular choice of the functional form of
the mass distribution does not affect the main conclusions of the

paper.



Nebular phase

The general belief is that core collapse supernovae connected with XRF/GRBs event can be
naturally explained by the aspherical axially-symmetrical explosion of massive SNe. The
common assumption is that in the case of an XRF type flash the observer is located outside
the cone where for some reasons the bulk of gamma-ray radiation is concentrated. The
asphericity is generally observed in the nebular phase observations.

Flux (arbitr. units)

6000 6300 6600
Rest wavelength (A)

1998bw

P. Mazzali et al.,
astro-ph/0505199

Flux (arbitr. units)

o

600

6300

6600

Rest wavelength (A)

We can not see any GRB event
connected with SN2003jd

Thus, the doubled peaked [OI] emission
must be observed for SNe which were
not accompanied with GRBs, like
SN2008D. And the single peak of [Ol]
emission is observed in the nebular
phase of SNe which are accompanied
with - GRBs, as in the case of
GRB060218/SN20064a,;.
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