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Fermi/GBM data of GRB 221009A
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How do you produce a narrow feature with L ~ 10
erg/s luminosity at hv ~ 10 MeV?
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How do you produce a narrow feature with L ~ 10
erg/s luminosity at hv ~ 10 MeV?
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How do you produce a narrow feature with L ~ 10
erg/s luminosity at hv ~ 10 MeV?
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[e.g. Kumar & Panaitescu 2000; Oganesyan et al. 2020; Salafia et al., 2026]
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hv,s = 6 hy'

[e.g. Kumar & Panaitescu 2000; Oganesyan et al. 2020; Salafia et al., 2026]

Om S. Salafia = MeV line in BOAT GRB Swift 20



6=I""(1-BcosO)’

hv,s = 6 hy'

[e.g. Kumar & Panaitescu 2000; Oganesyan et al. 2020; Salafia et al., 2026]
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Ar = r(1-cosb) At=Ar/c

:ﬁzf"(l—ﬁcose)"i

hv,s = 6 hy'

[e.g. Kumar & Panaitescu 2000; Oganesyan et al. 2020; Salafia et al., 2026]
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If

Ar = r(1-cosb) At = Ar/c tem < r/c
[ — —
L o then
. ! HLE dominates time evolution,
6=I"'(1-BcosO)™: and

hv,s = 6 hy'

[e.g. Kumar & Panaitescu 2000; Oganesyan et al. 2020; Salafia et al., 2026]
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Ar = r(1-cosb) At=Ar/c

bZF"(l—ﬁCOSG)"i

hv,s = 6 hy'

If

tom < 1/cC

then
HLE dominates time evolution,
and
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r

tang ~ I2c

[e.g. Kumar & Panaitescu 2000; Oganesyan et al. 2020; Salafia et al., 2026]
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I hy'
E/tung

Assuming e*e™ annihilation

h' = mec?
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to ~ tonset, LHAASO

Assuming e*e™ annihilation

h' = mec?

E = 2'Nymeoc?
.

tang ~ (1 + Z)ﬁ

Results
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T ~ 200716 (2)
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main event
ejecta & gamma-rays
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[Thompson & Madau 2000; Beloborodov 2002]
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Electrons in blastwave initially relativistic.
Pairs also mildly relativistic when produced (v4+ ~ 10).

BUT
téool,IC < At{llumination

— leptons can be assumed cold (phew!)
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Evolution equations in Beloborodov 2002 contain typos. Correct equations
in our appendix.

[Salafia et al. 2026]
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e Pairs born with v ~ 10.
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e Pairs born with v ~ 10.
e External inverse Compton, 2I'(y+ — 1)mec? emitted per pair.
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e Pairs born with v ~ 10.

e External inverse Compton, 2I'(y+ — 1)mec? emitted per pair.
Ny x2T (y4 —1)mec?
tdllg

~ 10% ergs1.

e Emission in HLE regime: Lgic ~
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Pairs born with y4 ~ 10.

External inverse Compton, 2I'(y+ — 1)mec® emitted per pair.
_ 2

Emission in HLE regime: Lgic ~ NiXQF(thg mec

hvgic ~ 72 Epeak ~ few x 100 MeV — LAT band

~ 10% ergs1.
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e Pairs born with v ~ 10.
e External inverse Compton, 2I'(y+ — 1)mec? emitted per pair.

_ 2
e Emission in HLE regime: Lgic ~ NiXQF(tVi mec
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Pairs born with y4 ~ 10.

External inverse Compton, 2I'(y+ — 1)mec® emitted per pair.
_ 2
Emission in HLE regime: Lgic ~ NiXQF(tﬁg Umee” 105 ergs~L.
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Epre ~ 104 erg vs E, pre ~ 10°! erg

very low efficiency?

MeV line in BOAT GRB



Epre ~ 104 erg vs E, pre ~ 10°! erg
very low efficiency?

CSM as ‘Thomson screen’:
optical depth dominated by low r (wind case)
If 7y ~ 10 e¢m, then e~ ™T.csM ~ 1072
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[Beloborodov 2005]

Absorption from maximally pair-enriched, but
not-yet-accelerated material. Assuming wind
density profile:

1/2

Rabs(E’y) ~ Racc ~ 8 X 1015E 53 cm

s
Tyvy,max ~ 0T Z:I:,accn(Rabs)Rabs

Toymax 2 1if A, 2 530E.2,

[Oganesyan, Salafia, et al. 2026, arXiv:2601.14393]
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Konus Wind + AGILE data
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Pre-collapse eruptive mass ejection?

n Carinae
[NASA, ESA, Hubble; Processing & License: Judy Schmidt]

Binary interaction?

Massive star
binary

Supernova \'
Neutron star o

Mass loss

Common envelope | t.

Inspiral stops outside core Inspiral continues

NS/BH [ ] G ) He star l \
' SN TZ0 SN
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- o @
v o\
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[Chevalier 2012]
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Thank you!
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YITP long term workshop
Jan 26 - Feb 27 2026, Kyoto, Japan

GRB population st
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background image credits: NASA's Godd
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SFHo (softer EOS) DD2 (stiffer EoS)
2.2 T T T T

o Galactlc DNS (tcoal < tH)

20F

1.8

1.6

M; [Mo]

14k HMNS 4
SMNS 48

1
10 12 14 16 18 20 22 10 12 14 16 18 20 227
M [Mo] M; Mol

[see e.g. Piro+17; Salafia+2022. DNS data: Farrow+19]
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SFHo (softer EOS) DD2 (stiffer EoS)
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[see e.g. Piro+17; Salafia4+-2022. DNS data: Farrow+19; GW data:

Abbott+19,20]
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[see e.g. Piro+17; Salafia4+-2022. DNS data: Farrow+19; GW data:

Abbott+19,20]
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< Salafia & Ghirlanda 2022

[Jet propagation and breakout: see
e.g. Matzner 03, Bromberg+11,
Salafia+19, Lazzati & Perna 19,
Hamidani+20,21,
Gottlieb+18,20,21,22,23 .. ]
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e If GRB170817A were
on-axis, its afterglow
would resemble that of a
typical SGRB
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o If GRB170817A were
on-axis, its afterglow

would resemble that of a
typical SGRB

e Allowing for a factor of 3
spread in energy and
ISM densities
n € [107%,1] explains
most of the diversity




030 (}‘ T | - (‘) N
conl & a4 + 1st 1 o If GRB170817A were
F 015 *, E R s | . .
l ool T E - - 8 o 1 <@ 050709 on-axis, Its aftergIOW
oosl- blue { |- T purple | 8 oeons would resemble that of a
- - - L 1608218
i el ‘ ' = e typical SGRB
0.25 1 - 1 @~ 211211A .
ol IRt { a0 e Allowing for a factor of 3
;V 0.15 - ‘;ﬂ - ‘% 4 -’Q‘— 230307A .
| 1= | ez spread in energy and
‘ red |t l Total 1 ISM densities
T e T e n € [107%,1] explains
AMej/Mej ~ 10 most of the diversity
AE, iso/Ey iso ~ 600 o Kilonovae much less
[Rastinejad+25, see Andrew Levan's talk] diverse than associated

SGRBs — extrinsic
source of diversity such
as viewing angle?
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“The short gamma-ray burst population in a quasi-universal jet scenario”
Salafia et al. 2023, A&A, 680, A45

e Focus on Fermi/GBM SGRBs
(Tg() < 28)
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“The short gamma-ray burst population in a quasi-universal jet scenario”
Salafia et al. 2023, A&A, 680, A45

e Focus on Fermi/GBM SGRBs
(Tg() < 28)
e 3 carefully constructed samples:

L 3
o 367 SGRBs with spectral info in .%
GBM catalog
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“The short gamma-ray burst population in a quasi-universal jet scenario”
Salafia et al. 2023, A&A, 680, A45

e Focus on Fermi/GBM SGRBs
(Tgo < 28)

e 3 carefully constructed samples:

N,
Wy
o 367 SGRBs with spectral info in .%

GBM catalog \

o 18 GBM SGRBs seen also by *l\ + &
Swift /BAT, high flux cut )
(S-BAT4-ext N GBM — 90% with
measured z)
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“The short gamma-ray burst population in a quasi-universal jet scenario”
Salafia et al. 2023, A&A, 680, A45

e Focus on Fermi/GBM SGRBs
(Tgo < 28)
e 3 carefully constructed samples:
o 367 SGRBs with spectral info in
GBM catalog
o 18 GBM SGRBs seen also by
Swift /BAT, high flux cut
(S-BAT4-ext N GBM — 90% with
measured z)
o 1 GBM SGRB + GW (GW170817)
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“The short gamma-ray burst population in a quasi-universal jet scenario”
Salafia et al. 2023, A&A, 680, A45

e Focus on Fermi/GBM SGRBs
(Tgo < 28)
e 3 carefully constructed samples:
o 367 SGRBs with spectral info in
GBM catalog
o 18 GBM SGRBs seen also by
Swift /BAT, high flux cut
(S-BAT4-ext N GBM — 90% with
measured z)
o 1 GBM SGRB + GW (GW170817)

i Careful modelling of selection effects !

(we did our best, but still space for improvement!)
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Detection efficiency Detection efficiency

Detection efficiency

Epobs =1 keV

Ep, obs = 3 keV

10!

100

10! 10%

5

2.0
a1 2
(a.1) (a.2) L 15
0.8 8 1.0
0.6 r 0.5
t - 00 ®
04
t -05
02 t -1.0
t -15
00 b.1)
Ep,obs = 10 keV Ep,obs = 100 keV.
(a.4) b.2)
L 100

Ep,obs = 3000 keV

Detection efficiency

10° 107 10%
Prso-300) [em™

Om S. Salafia

107 100 107
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viewing angles

isotropic ?
N

P(6,)=sin0O,

uniform core
+ 2 power laws
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isotropic luminosity function

viewing angles

P(6,)=sin0O,

;"
dP/dlog(L)

log(L)

uniform core
+ 2 power laws

YITP — Kyoto 2026
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luminosity function

isotropic }i A
viewing angles f 5
P(6,)=sin0O, ?
A <
Ay
S
L log(L)
V f( L-E, correlation
0 uniform core ~1 P
+ 2 power laws ) core
o
E,(6,) ) 2
break (6,,)
L(6,) *
0. O 0, log(L)
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isotropic
viewing angles

P(6,)=sin0O,

uniform core

+ 2 power laws

dP/dlog(L)

luminosity function

dispersion
around "average
tructure"

>

log(L)

L-E, correlation

| O
ual]
é * core
B break (6,,)
log(L)
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L[erg/s]
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Apparent E; with viewing angle

density

2
=
5

=

g
z
=S

Core opening angle

Apparent luminosity with viewing angle

90% credible region

102 Median — |
109 1=
2 g
2 -
~ g
— 10% 1=
g Y g
1045 4
A - - 100 L L
1 23406 10 10 10 10 10
6. [deg] 0, [deg] 6, [deg]

Om S. Salafi

YITP - Kyoto 2026



dP/dIn(Ry/Gpc~3yr1)
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Rate distribution, log-normal DTD
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[Pracchia & Salafia 2026, arXiv:2601.03861]
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Selection effects modelling in transient population
inference
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Transient population

e Event rate per
unit redshift:

AN _ p(z) OVe
dz 142z 0z
e Luminosity

function:

d

p__
dlnL dL
(simple
z-independent
case)

id]\'f

dn
dz

NdlnL
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Transient population
e density in
(z,In L) space:
d2N
dzdIn L
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Observed population,
(e.g. by our favourite
satellite)

Most transients in the
Universe are missed
(typical situation).
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Naive selection effect
modelling:
limiting flux — limiting
luminosity

Llim(z) == 477d%ﬂim

Detection efficiency:
step function.
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Naive selection effect

limiting flux — limiting

Llim(z) == 477d%ﬂim

Detection efficiency:

Detection efficiency

modelling:

luminosity

step function.

07 10°
Flergem™2571]

Peak density at
threshold.
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Actual detection
efficiency typically
rises to 100% over

~ ldex in F.

e o =
5 &% 5

o
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Detection efficiency
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Actual detection
efficiency typically
rises to 100% over

~ ldex in F.

o
>

o
=

Detection efficiency

107 10° 10

Flergem™25s71]

Peak density
significantly above
threshold.
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Observed distributions

50 0.0
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Observed distributions  naive det. eff.

50 0.0
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-- haive det. eff.

Gedankenexperiment:
o Naive Fjj; model
e Data (grey
histograms): true
population +
actual selection
effects

e Can we still fit
the data
assuming the
naive model?

0.5
50 0.0
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-- naive det. eff.
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-- naive det. eff.

Yes, but with
large biases! ai dn
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