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ANATOMY OF A FAST TRANSIENT
 orecimesgor remmont O

accretion disk e v
» A bipolar relativistic
° ° ° S-rE-LLA’R
collimated ejecta is launched ENVELOPE

» Bulk energy dissipation leads
to bright, highly variable, non-
thermal prompt emission

» The long-lasting multi-
wavelength afterglow
emission results from outflow
interacting with the

circumburst medium BT | Circom BURST
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FIREBALL EVOLUTION

» A pure radiation fireball (r < 10° Typical scales (cm)
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FIREBALL EVOLUTION

» A pure radiation fireball (r < 10° Typical scales (cm)

LGRB | SGRB

cm): Baryons negligible, fireball is ] s
radiation dominated: photon-
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» Electron-dominated fireball (10°
cm < r < 10”7 cm): Free electrons

re-confinement
shock

1078

associated with baryons are
prevalent but fireball loses most
of its energy as radiation
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FIREBALL EVOLUTION

» A pure radiation fireball (r < 10% cm): Typical scales (cm)

LGRB | SGRB
101[).3 1010.5

Baryons negligible, fireball is radiation

dominated: photon-lepton fireball
progenitor

» Electron-dominated fireball (10° cm < r < vestige

uo000o0

10° cm): Free electrons associated with
baryons are prevalent but fireball loses
most of its energy as radiation

re-confinement
shock

» Relativistic baryonic fireball (r ~ 10” cm): -

Fireball is matter-dominated, as it re-
thermalises swept-up mass. Internal
energy converted into bulk kinetic energy
of baryons, fireball decelerates
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THE PURELY RADIATIVE PHOTON-LEPTON FIREBALL

» A sphere with a characteristic injection radius r, and with a surface temperature
T, would emit blackbody radiation at rate E till the photosphere is reached
rph > > 7‘0 ~ RS
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THE PURELY RADIATIVE PHOTON-LEPTON FIREBALL

» A sphere with a characteristic injection radius r, and with a surface temperature
T, would emit blackbody radiation at rate E till the photosphere is reached
rph > > 7‘0 ~ RS

» Temperature scaling T = Tyry/r

Solving Flammang'’s equation for a steady-

state relativistic outflow ) Lorentz factor scaling Y = I”/I"O

T (I
y Luminosity £ = ?47T7’OGTO
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STANDARD MODEL PROCESSES IN THE FIREBALL
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HEAVY ALP PRODUCTION IN A LEPTONIC FIREBALL
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HEAVY ALP PRODUCTION IN A LEPTONIC FIREBALL
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HEAVY ALP PRODUCTION IN A LEPTONIC FIREBALL
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HEAVY ALP PRODUCTION IN A LEPTONIC FIREBALL

/ Photon inverse decay yy — a
ectron inverse decay et
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HEAVY ALP PRODUCTION IN A LEPTONIC FIREBALL

/ Photon inverse decay yy — a
\ Electron inverse decay eTe™ — a

Fermion annihilatione™e™ - a+ vy

. -+ -
Photon conversione™+y - e~ +a
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Jet propagation

Accretion disk
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GRAVITATIONAL TRAPPING

» Accounting for gravitational trapping requires introducing lapse factor a(r):

L, = J...@(Ea—a(r) ma)

r GM
y Forr> r the weak gravity formula applies o, a1 (1) & 1 + 7S =1+ e

» In the strong regime closer to the remnant,

I 2GM
a(r) = “strong(”) =,/1— 7 =41/1 — s

» Relative error: 16 % at 1.5r,5.6 % at 2r, 2.5 % at 3r,

17



100.984308
. 12.935285
rs(2Mo) = 5.93 x 10°cm| 0.506 . 5.551709
2.713063
1.817522
67.377468
. 8.808573
rs(3Mg) = 8.90 x 10°cm| 0.337 . 3.956192
2.111106
1.529511
50.584786
. 6.765675
rs(4Mg) = 1.19 x 10°cm| 0.253 . 3.174323
1.817522
1.385863

_ . 0. 01 2.692544

Energies of ALPs produced at various

radii(temperatures) and remnant masses
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CAN THE FIREBALL EMERGE AGAIN?

Inside the source

» Mean free path of thermal
photons
i

— — ~13
mfp, decay = hc/Ey, decay = 1/(100MeV) ~ 107" cm

» Critical density needed for
thermalisation

B~ 1/(szp,thaT) ~10%7 cm-3

» Inside fireball, thermal photons
have density

n, = (162¢(3))/ (k%) (kzT)” = 20.3(100MeV)? ~ 1037 cm-3

19
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CAN THE FIREBALL EMERGE AGAIN?

Outside the source

) » Mean free path of VHE photon in the
circum-burst medium

/lmfp, decay — hC/Ey

cm

‘decay = 1/(1 GeV) ~ 107"

» Critical number density required for
decay photons from GeV-scale ALPs to
thermalise via pair production outside

33 _
e ~ 1 (A decay 0r) ~ 10 om=

20
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CAN THE FIREBALL EMERGE AGAIN?

» For a burst duration of 10 ms, total number of ALP produced ~ 10°?

» For a GeV-scale ALP with decay length ~ 10’ cm, number density of decay photons
4 13 27—
N, decay ! (373 decay ) ~ 1077 cm=

21
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CAN THE FIREBALL EMERGE AGAIN?

» For a burst duration of 10 ms, total number of ALP produced ~ 10°?

» For a GeV-scale ALP with decay length ~ 10’ cm, number density of decay photons
4 13 27 ~p—
N, decay ! (373 decay ) ~ 1077 cm=
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BARYON LOADING IN GRB FIREBALLS

» Wall accretion: Neutrons drift into the jet sideways at a rate

M, = 2760y,r-Jp(r) where incoming neutron flux is determined by mfp of

n — p collisions and wind parameters

» Floor accretion: Goldreich-Julian baryon-loading rate through the base of
the central engine magnetosphere

Mg, =7 %1072 (mp 4 c;me) 47r2B.Qpcl2n

Lei, Zhang, Liang (2019)
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BARYON LOADING IN GRB FIREBALLS

» Comoving baryon density derived from baryon loading rate as
Ng = NB/ﬂ6’2r2(3 with Ny = NBO + N, where N, = M;/m,

o o _ o o 7 ejeCta 51-
, Jet arises beyond the critical radius 7. & 3 X 10" cm ( )
0.1c 10 ms

» The fireball temperature falls from G(10 MeV) as T(r) = Ty(ry/1)'

25
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ALP PRODUCTION IN A HADRONIC FIREBALL

C—
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ALP PRODUCTION IN A HADRONIC FIREBALL
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ALP PRODUCTION IN A HADRONIC FIREBALL
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SM processes
Pair production
B Pair annihilation
Bremmstrahlung

ALP processes
photon conversion
fermion annihilation
nucleon bremsstrahlung
hadronic primakoff
Pion conversion
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SUMMARY

» We derive state-of-the-art limits downto g,,, ~ 4 X 10 1*GeV~! for ALP masses
in the 200 MeV-1 GeV range from initial photon-lepton fireball

» Gravitational trapping marginally affects ALPs produced in leptonic fireballs
» Decay y field outside source too rarefied ——== fireball cannot reemerge

» Lighter ALPs w/ masses in the 1-200 MeV range can be hadronically produced
in the later stages, to which the jet is transparent pushing sensitivity below ALP-

nucleon coupling g, ~ 107! (constraint independent from 84y OF 84, cOUplings)
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Thank you!

oindrila.ghosh@fysik.su.se

oindrilaghosh.com
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