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Collapsar → Long GRBs

Binary neutron 
stars merger

→ Short GRBs

Vela

Credit: NASA

BeppoSax and follow-up 
observations (1998)

LIGO, Virgo, Fermi-GBM 
and INTEGRAL (2017)



Credit: NASA



GRB 221009A or “The BOAT”
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Credits: CNN

Credits: Adam Goldstein

Redshift = 0.151 (U. Postigo 
et al. 2022)

Credit: NASA

https://www.cnn.com/videos/business/2022/10/18/gamma-ray-burst-space-telescopes-nr-contd-vpx.cnn


Credit: NASA



Imaging X-ray Polarimetry Explorer (IXPE)
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NEWS:
• IXPE mission just 

extended by 20 
months!

• General Observer 
(GO) program 
from Feb 2024 
through Sep 2025 
(proposals due 
Oct 18, 2023)

Credits: Jordan Sirokie

IXPE launch
December 9, 

2021

https://nspires.nasaprs.com/external/solicitations/summary.do?solId=%7bEC124605-A466-16B3-CA74-7CAE281D0063%7d&path=&method=init
https://nspires.nasaprs.com/external/solicitations/summary.do?solId=%7bEC124605-A466-16B3-CA74-7CAE281D0063%7d&path=&method=init


IXPE Observation of GRB 221009A

10/5/2023 Niccolò Di Lalla - IV Gravi-Gamma-Nu Workshop 7

IXPE 
observation

• Trigger from Fermi-GBM on Oct 9 @ 
13.17 UTC

• IXPE ToO request sent on Oct 10 @ 
11:48 UTC

• IXPE observation:
• Starts on: Oct 11 @ 23:35 UTC 
• Ends on: Oct 14 @ 00:46 UTC 
• Total livetime: 94,122 s 

2022-10-09 2022-10-10 2022-10-11 2022-10-12

IXPE ToO 
request



IXPE Observation of GRB 221009A
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M. Negro et al. (IXPE Collab.) ApJL (2023)

Core → GRB afterglow



Why should GRB afterglows 
be polarized?
And what can we learn from polarization measurements?



Credit: NASA



• Doppler beaming

• Off-axis viewing angle

GRB Afterglow Polarization
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Birenbaum & Bromberg 2021Ghisellini & Lazzati 1999

Shimoda & Toma 2021

Granot et al. 1999

𝜃𝑣 ∼
2

3
𝜃𝑗𝑒𝑡



(a) (b) (c) (d)

Afterglow Polarization for an Off-axis GRB
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90° PA flip

Birenbaum & Bromberg 2021

Sari 1991



IXPE Afterglow Polarization Measurement
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𝑃𝐷 𝑈𝐿 99% 𝐶. 𝐿. = 13.8 %

Models with 𝜃𝑗 ≳ 1.5° and 𝜃𝑣/𝜃𝑗 ≲ 2/3 are favored



A. Tiengo et al. 2023

Credit: NASA



Credit: NASA

Credits: Mark McCaughrean



GRB Prompt Emission Echo
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A. Tiengo et al. 2023

Dust rings are the echo of 
the GRB prompt emission 
and are expanding in time!

Credit: NASA/Swift/A. Beardmore



Dust Rings Selection
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Time-dependent cut to select the 
expanding rings inspired by [Tiengo, 

A., & Mereghetti, S. 2006]

𝐷𝑑𝑢𝑠𝑡 = 2𝑐
Δ𝑡

𝜃𝑖
2

𝐷𝑟1
~ 14.4 𝑘𝑝𝑐

𝐷𝑟2
~ 3. 8 𝑘𝑝𝑐



~ 47,000 light-years

~ 12,000 light-years



IXPE Prompt Polarization Measurement
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𝑃𝐷 𝑈𝐿 99% 𝐶. 𝐿. = 55 − 82 %



Thank you for 
your attention!

M. Negro et al. (IXPE Collaboration) ApJL (2023)

niccolo.dilalla@stanford.edu 
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