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Reflection in the GC (CMZ, Sgr B2, Arches cluster)

2Mosaic of the Chandra images of the Galactic center region. Credit: NASA/CXC/UMass/D. Wang et al. 
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Sgr B2 molecular cloud 

3Mosaic of the Chandra images of the Galactic center region. Credit: NASA/CXC/UMass/D. Wang et al. 

Sgr B2 is the most massive (∼ 106M⊙) cloud 
in the CMZ. 

ASCA observations detected the Fe Kα 
emission line at 6.4 keV (Koyama+1996) 
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Sgr B2 molecular cloud 
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INTEGRAL observatory: hard X-ray 
source IGR J17475–2822 was associated 
with Sgr B2 (Revnivtsev+2004) 

18–60 keV 

Light curve 1993-2001
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Reflection scenario: Sgr A⋆ activity 

5Date
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Cosmic ray scenario 

6Date
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Sgr B2 molecular cloud 

7Terrier+ 2010 

Sgr B2 light curve in the 20–60 keV energy band 
(black data) obtained from 2003 to 2010. 

20–60 keV 

Characteristic time τ = 8.2 ± 1.7 yrs
is comparable with the light crossing 
time through the Sgr B2 core. 

Calibration source

Sgr B2 
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Sgr B2 molecular cloud 
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Constant flux level after 2011

Reflection scenario 

Cosmic rays scenario 

• The decreasing trend of the Sgr B2 
emission strongly supports the 
reflection scenario. 

• After 2011 emission could be a result 
of long-lived multiple scatterings

• The low-energy cosmic ray ions 
(LECRp, Tatischeff+2011) model.

• Estimated cosmic ray ionization rate 
too high compared to the GC Kuznetsova+ 2021

30–80 keV 

before 2011
after 2011
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Sgr B2 molecular cloud 
after 2011 
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Zhang+2015 

NuSTAR 2013 SRG/ART-XC May 2026

E. Shtykovskaya (Kuznetsova) in prep.
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The Arches cluster

10
Mosaic of the Chandra images of the Galactic center region. Credit: NASA/CXC/UMass/D. Wang et al. 

One of the densest known young clusters in 
the local group of galaxies

Age 1-3 Myr, ~160 O-type stars

3x105 Msun pc-3 in the core of ~10’’

Credit: ESO/P. Espinoza
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X-ray emission 
from the Arches cluster
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Chandra - Yusef-Zadeh et al. (2002)

Thermal emission from the cluster: colliding winds from massive stars

Wang et al., 2006

Strong Fe Kα 6.7 keV line:

Combined spectrum 
from point sources
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X-ray emission 
from the Arches cluster
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Tatischeff et al., 2012

6.7 keV 6.4 keV

Origin of fluorescence?
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NuSTAR: X-ray image 2012

13

3-10 keV 6-7 keV 10-20 keV

The core of the cluster 
and extended emission
Þ Thermal emission 

from the core 
dominates

Blended 6.4 and 6.7 keV 
lines
Þ 6.7 keV line comes 

from the core
Þ 6.4 keV line confirms 

XMM results

Non-thermal continuum
Þ No point sources in the 

core
Þ Continuum follows 6.4 

keV line intensity

Krivonos et al., (2014)

The Arches cluster is detected above 10 keV for the first time. 
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XMM+NuSTAR: Spectral analysis
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u Non-thermal continuum dominates above 10 keV

2012

APEC: kT=~2 keV

Power-law: Γ=1.6-2

EW
6.4 keV

: ~1.0 keV

Krivonos et al., 2014, 2016

2015
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Arches cloud morphology 
2013-2015 (XMM)
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The morphology has changed since 
2012 to bright clumps
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Arches cloud (XMM) 

§ 30% flux drop in 6.4 keV line and continuum (>4σ)
§ EW is constant over time 0.9±0.1 keV
è a large fraction of the non-thermal emission is due to the 
X-ray reflection

16XMM 2017

Tatischeff et al., 2012

2000-2010 +4 years

Clavel et al., (2014)
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Arches cloud after 2015

§ non-thermal flux 
continues to decrease

§ Time decay 8 yr for 6.4 
keV line and continuum, 
similar to Sgr B2 cloud.

§ EW shows drop in 2015 
with a factor of 2

17
Krivonos+ 2016, Kuznetsova+ 2019
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25 years of XMM 
observations of the 
Sgr A complex

Stel+ 2025
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25 years of XMM 
observations of the 
Sgr A complex

Stel+ 2025
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Detection of very high energy (VHE) γ-rays from
clusters of young massive stars (Aharonian+ 2019)
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…“CRs responsible for the diffuse VHE γ-ray emission from the GC are accelerated by 
the ultracompact stellar clusters”

…“Arches, Quintuplet and Nuclear in GC, could be alternative sites for the CR 
acceleration”

The CR proton radial 
distributions 
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Arches cluster after 2015
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Direct detection of the non-thermal X-ray emission
from the Arches star cluster Krivonos+ 2025

XMM 2020

Chandra 2022
XMM-Newton 2020
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Arches cluster after 2015
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Chandra 2022 Spatial analysis

Spatial halo is detected!

Krivonos et al., in prep
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Спасибо за внимание !!!
Thanks for your attention !!!
Շնորհակալություն ուշադրության
համար !!!

HEACOSS-2026
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§ The massive stellar cluster RMC 136 in LMC 
observed with SRG/eROSITA by Sasaki et al. 
(2022) 

24Date


