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-
Gamma-Ray Bursts (GRBs)

» in the 70s, Vela satellites discovered unexpected
~-ray flashes coming from the outer space

» in 1991, GRB detections by BATSE (on board of
Compton-GRO) indicated that the bursts are
distributed uniformly over the sky

» GRBs are broadly classified into two categories
based on the duration (long t 2 2's ; short t < 2's)

» origin: core-collapse of a massive star (GRB 980425)
or mergers of binary systems (GRB 170817A)
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GRB 221009A Discovery

GCN CIRCULAR

32635

GRB 221009A: Swift detected transient may be GRB
22/10/09 20:44:25 GMT

Jamie Kennea at Penn State U <jak5l@psu.edu>

J. A. Kennea and M. Williams (PSU) report on behalf of the Swift Team:

Ve provide an update on the BAT trigger 1126853, AKA Swift J1913.1+1946
(GCN #32632) . Examination of XRT data from this trigger shows strong
fading. We also note that Fermi/LAT has triggered on the same location.
There is also a possible association with a Fermi/GBM trigger @
13:16:59UT. Given this, we believe that this source is now likely a
Gamma-Ray Burst and not a Galactic Transient. If the GBM trigger is the
same source, this would suggest a highly energetic outburst, and therefore
we strongly encourage follow-up of this usual event.

Very-High-Energy Gamma-Ray Burst

TITLE:  GCN CIRCULAR
NUMBER: 32642
SUBJECT: GRB 221009A: Fermi GBM observation

DATE:  22/10/10 04:04:41 Gl

FROM: Stephen Lesage at Ferml GBM Team <sjl0014@uah.edu>

S. Lesage (UAH), P. Veres (UAH), 0.]. Roberts (USRA),
E. Burns (LSU), and E. Bissaldi (Politecnico and INFN Bari)
report on behalf of the Fermi GBM Team:

“"At 13:16:59.99 UT on 89 October 2022, the Fermi Gamma-Ray Burst Monitor
triggered and located GRB 221089A (trigger 687014224/221009553) which

was also detected by Swift-BAT (S. Dichiara, et al. 2022, GCN 32632;

J. A. Kennea, et al. 2022, GCN 32635), Fermi-LAT (E. Bissaldi et al. 2022,
GCN 32637), INTEGRAL (SPI-ACS), Konus-Wind, and triangulated by IPN

(D. Svinkin et al. 2022, GCN 32641). The GBM on-ground Locanon (GCN 32636)
is

consistent with the Swift-BAT and Fermi-LAT locations and the IPN
localization.
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N
GRB 221009A Discovery

» Detection by HXMT, JWST, AGILE, KONUS-Wind, GECAM-C,
GRANDMA, SIRI-2, BepiColombo, Voyager 1 and many others

Williams et al., 2302.03642
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-
GRB 221009A Properties

> GRB 221009A was truly exceptional: by a large margin, it is the GRB
with the highest fluence and peak flux ever recorded

Burns et al., 2‘302.14037‘
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GRB 221009A Properties

Cumulative Number of Bursts per Year

Burns et al., 2302.14037
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-
Very-High-Energy Photons from GRB 221009A

TITLE:  GON cIRcuLAR
3267

: LHAASD observed GRB 221809A with more than 5000 VHE photons up to around 18 TeV
22/10/11 09:21:54 GMT

FROM:  Judith Racusin at GSFC <judith.racusingnasa.gov>

Yong Huang, Shicong Hu, Songzhan Chen, Min Zha, Cheng Liu, Zhiguo Yao and
Zhen Cao report on behalf of the LHAASO experiment

We report the observation of GRB 221009A, which was detected by Swift (Kennea
et al. GCN #32635), Fermi-GBM (Veres et al. GCN #32636, Lesage et al. GCN #32642),
Fermi-LAT (Bissaldi et al. GCN #32637), IPN (Svinkin et al. GCN #32641) and so on.

GRB 221009A is detected by LHAASO-WCDA at energy above 500 GeV, centered at

RA = 288.3, Dec = 19.7 within 2000 seconds after T0, with the significance above

100 s.d., and is observed as well by LHAASO-KM2A with the significance about 10 s.d.,
where the energy of the highest photon reaches 18 TeV

This represents the first detection of photons above 10 TeV from GRBs.

The LHAASO is a multi-purpose experiment for gamma-ray astronomy (in the energy
band between 18%11 and 10%15 eV) and cosmic ray measurements

» 18 TeV ~ detected by LHAASO,
251 TeV +y detected by CARPET-2 (?7!)

Swift J1913.1+1946/GRB 221009A: Galactic sources of >
100 TeV-photon in spatial coincidence with the 250-TeV
photon-like air shower reported by Carpet-2
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.
LHAASO Observation of GRB 221009A

LHAASO, Science (2023)
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SM Explanation of the 18 TeV Photon?
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BSM Explanations

» BSM can come in handy for effective reduction of the optical depth 7

@' - -ad@i»

» analogy with light-shining-through-walls experiments
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BSM Explanations

> ALPs: 2210.05659, 2210.08841, 2210.10022, 2210.13120, 2210.15857,
2210.07172, 2211.02010, 2211.06935, 2304.01819, 2305.05145,
2307.08313, 2307.10382

» Sterile Neutrinos: 2210.14178, 2211.00634, 2211.02028

> LIV: 2210.06338, 2210.11261, 2211.01836, 2212.02436, 2306.02962,
2307.14256, 2308.03031

» Others: 2212.03477, 2301.02258, 2308.06172
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https://arxiv.org/abs/2210.08841
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https://arxiv.org/abs/2210.13120
https://arxiv.org/abs/2210.15857
https://arxiv.org/abs/2210.07172
https://arxiv.org/abs/2211.02010
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https://arxiv.org/abs/2304.01819
https://arxiv.org/abs/2305.05145
https://arxiv.org/abs/2307.08313
https://arxiv.org/abs/2307.10382
https://arxiv.org/abs/2210.14178
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https://arxiv.org/abs/2211.02028
https://arxiv.org/abs/2210.06338
https://arxiv.org/abs/2210.11261
https://arxiv.org/abs/2211.01836
https://arxiv.org/abs/2212.02436
https://arxiv.org/abs/2306.02962
https://arxiv.org/abs/2307.14256
https://arxiv.org/abs/2308.03031
https://arxiv.org/abs/2212.03477
https://arxiv.org/abs/2301.02258
https://arxiv.org/abs/2308.06172

ALPs

Carenza, Marsh, 2211.02010
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» ~ to ALP conversion > ALP to v conversion in the Milky Way
» in the jet

» in the host galaxy
» in the extragalactic space

» various scenarios involving ALPs reviewed in 2211.02010 and
2211.06935
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https://arxiv.org/abs/2211.02010
https://arxiv.org/abs/2211.06935
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ALPs

104 Carenza, Marsh, 2211.02010
o
— 103 >
= &
9
o 102 o o 101 5
= mz<100 neV 2 o ]
2 10 ma=300 nev |O. o 3
g 21072
=1 g
L L L L N L 1073 L L L L L L
o 1 2 3 4 5 6 1 o 1 2 3 4 5 & 7
gay (x1071Gev1) Gay (x107HGev )
. 2203.04319

» extrapolation of the flux measured .

by Fermi to higher energies
» time dependence of the flux

during observations?

—— conservative (fiducial)
N best fit

» LHAASO-KM2A and CARPET-2 " sy opmisti

flux measurements are essential R
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Sterile Neutrino

GeN CIRCULAR

» neutrino origin of high-energy GRB ~

» [ceCube set constraints on the v flux

vs flux suppressed by sin? § with respect to the active one

Vs decay to a neutrino and a photon in the Milky Way

scenario with O(MeV) vs studied in 2211.00634

additional BSM that increases Br(vs — vy) required (left-right, Zee?)
for explaining 18 TeV LHAASO event

W =+ vy

vy
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https://arxiv.org/abs/2211.00634

Sterile Neutrino

» scenario with sub-MeV vs studied in 2211.02028

» additional BSM required = utilize different s mass dependence in I’
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» non-standard cosmology required (to address sin? 6 < 1072)
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https://arxiv.org/abs/2211.02028

e
The Model

» consider TeV-scale scalar leptoquark S; ~ (3,1,1/3)
» assume dominant coupling with the third family of quarks

> benefits: (i) avoiding large Yukawa suppression in radiatively induced p,,
(/i) addressing flavor anomalies
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ALP & Neutrino

Huang et al., 2212.03477
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Bernal et al., 2307.10382
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» neutrino scatters on CvB (vv — aa)

» ALP converts to v in the
galactic magnetic field
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Lorentz Invariance Violation (LIV)
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» modification of the threshold for the v~ pair production interaction
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Summary

» among all detected GRBs to date, GRB 221009A broke the record for
both the highest flux and the highest photon energy detected

> given the distance of the source and the = 10 TeV energies involved,
the optical depth, 7, may appear too large = attenuation of the v
flux

» while the no-new-physics explanation is by no means strongly
disfavored, several BSM explanations aid in the reduction of 7

» these new physics scenarios involve ALPs, sterile neutrinos and
models with Lorentz invariance violation
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