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The Galactic Center is full of PeVatrons
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.

IACTs and X-ray 
telescopes can help us 

resolve them!



G0.90.1: a young energetic PWN in the GC region
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Composite supernova remnant

Second brightest TeV 
source in the GC

PSR J17472809 
- τc ~ 5.3 kyr
- E  4.3  ⨉ 1037 erg/s

.
Adapted from Heywood et al. 2022



PWN G0.90.1 has been observed from radio to TeV
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MeerKAT 1.28 GHz

Chandra 38 keV

XMMNewton 36 keV

VERITAS  2 TeV

HESS  TeV

MAGIC  1 TeV

G0.90.1

SgrA

VLA 6 cm 5 GHz 

Gaensler et al, 2001

Porquet et al, 2003

Dubner et al, 2009

HESS Collab. et al, 2016

MAGIC Collab et al, 2020

VERITAS Collab. et al, 2016



The SED of PWN G0.90.1 up to 2020
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Tanaka & Takahara 2011 Torres et al. 2014 Fiori et al. 2020

● tage ~ 2 kyr
● BPL: p2 ~ 2.6
● Emax ~ 400 TeV
● BPWN ~ 15 μG

● tage ~ 3 kyr
● BPL: p1 1.1, p2 ~ 2.52
● Emax > 600 TeV
● BPWN ~ 22 μG

● tage ~ 2 kyr
● BPL: p1 ~ 1.4, p2 ~ 2.7
● Emax ~ 700 TeV
● BPWN ~ 14 μG



The SED of PWN G0.90.1 up to 2020
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Tanaka & Takahara 2011 Torres et al. 2014 Fiori et al. 2020

● tage ~ 2 kyr
● BPL: p2 ~ 2.6
● Emax ~ 400 TeV
● BPWN ~ 15 μG

● tage ~ 3 kyr
● BPL: p1 1.1, p2 ~ 2.52
● Emax > 600 TeV
● BPWN ~ 22 μG

● tage ~ 2 kyr
● BPL: p1 ~ 1.4, p2 ~ 2.7
● Emax ~ 700 TeV
● BPWN ~ 14 μG

What about hard X-rays?



Hard X-ray data are fundamental to constrain Emax
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“Eelˮ PWN
Burgess et al., 2021

“Kookaburraˮ PWN
Park et al., 2023

“Rabbitˮ PWN
Park et al., 2023

“Boomerangˮ PWN
Pope et al., 2024

Emax electrons

Hard X-ray photons

BPWN



The first SED of PWN G0.90.1 including NuSTAR
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First broadband 
X-ray spectrum

Updated model of 
the radio–TeV SED

Compare SED 
models

Brunelli et al (submitted to ApJ



PWN G0.90.1 under different X-ray eyes
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Chandra 27 keV XMMNewton 210 keV

NuSTAR

Brunelli et al (sub.)
Brunelli et al (sub.)

Brunelli et al (sub.)

Brunelli et al (sub.)



The first 230 keV spectrum of PWN G0.90.1
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Well fitted by a single power law

High column density

Brunelli et al (sub.)

Brunelli et al (sub.)

Compatible with Porqet et al., 2003



We tested complementary SED models
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One-zone model Gelfand et al., 2009

Multi-zone model Kim & An, 2020



We tested complementary SED models
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Multi-zone model Kim & An, 2020

Spherical 
PWN

Spherical 
PWN

One-zone model Gelfand et al., 2009



We tested complementary SED models

13TeVPA2025  Giulia Brunelli - PWN G0.90.1

Multi-zone model Kim & An, 2020

PSR injection

Synchrotron + ICS

Adiabatic losses

PSR injection

Synchrotron + ICS

Adiabatic losses

Diffusion

Spherical 
PWN

Spherical 
PWN

One-zone model Gelfand et al., 2009



We tested complementary SED models
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Multi-zone model Kim & An, 2020

PSR injection

Synchrotron + ICS

Adiabatic losses

Uniform BPWN and ρPWN

Radius-dependent 
BPWN and Vflow

Time evolution inside SNR

PSR injection

Synchrotron + ICS

Adiabatic losses

Diffusion

Spherical 
PWN

Spherical 
PWN

One-zone model Gelfand et al., 2009



We tested complementary SED models
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Multi-zone model Kim & An, 2020

PSR injection

Synchrotron + ICS

Adiabatic losses

Uniform BPWN and ρPWN

Radius-dependent 
BPWN and Vflow

Time evolution inside SNR

Time-dependent SED 

Present day SED

X-ray radial profiles

PSR injection

Synchrotron + ICS

RPWN and RSNR

Adiabatic losses

Diffusion

Spherical 
PWN

Spherical 
PWN

One-zone model Gelfand et al., 2009



Both models can reproduce the radio–TeV SED
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One-zone model Multi-zone model

Brunelli et al (sub.)Brunelli et al (sub.)



The models predict comparable parameters
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Brunelli et al (sub.)



The models predict comparable parameters
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Energetic 2.9 ⨉ 1051 erg) and 
massive 14 M

⊙
) progenitor

Brunelli et al (sub.)



The models predict comparable parameters
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Energetic 2.9 ⨉ 1051 erg) and 
massive 14 M

⊙
) progenitor

Very young 2.2 kyr) pulsar!

Brunelli et al (sub.)



The models predict comparable parameters
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Energetic 2.9 ⨉ 1051 erg) and 
massive 14 M

⊙
) progenitor

Very young 2.2 kyr) pulsar!

Single power law injection spectrum

Brunelli et al (sub.)



The models predict comparable parameters
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Energetic 2.9 ⨉ 1051 erg) and 
massive 14 M

⊙
) progenitor

Very young 2.2 kyr) pulsar!

Single power law injection spectrum

Large magnetic field (~ 20 μG

Brunelli et al (sub.)



The models predict comparable parameters
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Energetic 2.9 ⨉ 1051 erg) and 
massive 14 M

⊙
) progenitor

Very young 2.2 kyr) pulsar!

Single power law injection spectrum

Large magnetic field (~ 20 μG

Likely a new Galactic PeVatron!

Brunelli et al (sub.)



A unique PeVatron PWNe in the NuSTAR sample
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Brunelli et al (sub.)



A unique PeVatron PWNe in the NuSTAR sample
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Energetic 
pulsars

Emax ~ 12 PeV

Brunelli et al (sub.)



A unique PeVatron PWNe in the NuSTAR sample
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The only one 
without RS 
interaction

Higher 
magnetic field

Brunelli et al (sub.)



Take-home messages

26TeVPA2025  Giulia Brunelli - PWN G0.90.1

G0.90.1 is a 
young (~ 2kyr) 
PeVatron PWN

More observations 
are needed: extend 

the sample of 
PeVatron PWNe

NuSTAR data are 
fundamental to 
constrain Emax
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Giulia Brunelli UniBo/INAFOAS
giulia.brunelli@inaf.it 

Thank you for the attention!

Stay tuned for 

the paper

mailto:giulia.brunelli@inaf.it


BACKUP



PWN G0.90.1 is affected by synchrotron burnoff
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Extended source More extended at 
310 keV

FWHM  14′′.7  1′′.8

FWHM  6′′ ± 2′′

Brunelli et al (sub.)



SED evolution for the one-zone model
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Brunelli et al (sub.)Brunelli et al (sub.)

RRS > RPWN: no interaction with SNR



X-ray radial profiles for the multi-zone model
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Brunelli et al (sub.) Brunelli et al (sub.)



Decreasing Emax in the model
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One-zone model

Multi-zone model

Progressively worse residuals



Renewed activity from XMMU J174716.1281048
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Quiescent state:
L210 keV 2015 ≤ 4.6⋅1033 

erg/s

1 First detection in 1030 keV
2 L310 keV NuSTAR = 3.2  0.2⋅1034 erg/s

→ XMM 2003 L310 keV = 3.4  0.1⋅1034 erg/s

Joint XMMNuSTAR spectrum:
Γ  2.07  0.07 0.530 keV)

The source is possibly back in outburst

Brunelli et al (sub.)


