On the origin of the complex energy-dependent structure of
HESS J1702-420

D. Malyshev, M. Chernyakova, F. Aharonian

7th Heidelberg International Symposium on High-Energy Gamma-Ray Astronomy
5th July 2022

HESS J1702-420B

HESS J1702-420A

HESS J1708-410

HESS J1708-443




HESS J1702-420: Introduction UNIVERST AT @

TUBINGEN

HES.S. 2.00

) £ 0 1657-415 14
2 R i ey 175 2
J 12
50
g EVEE B 08
5 £ g
3 08 \ 08 %
£ g g Suzaku src 8 =
£ e L5 g 8
LOE e e
S IR B ey 06 w:~
050 0.4
40
025 E > 40 TeV 0.2
a4so0) 344040 o ' pye 0.00 0.0
3900 34°4) 20 0 34 P00 A4 2 o 34340
Galactie Longitude (c): Abdalla et al., 2021 Galactic Longitude

» Discovered in 2006 during the first HESS galactic plane survey

2 |D. Malyshev, M. Chernyakova, F. Aharonian||Diffusion model for HESS J1702-420|7th Heidelberg International Symposium on High-Energy Gamma-Ray Astronomy



HESS J1702-420: Introduction UNIVERST AT @

TUBINGEN

14
020" 175 0720
12
50
g EVEE B 08
5 £ =
3 g 3 g
- LoE s 082,
g | .| g
£ 020 g ey S
°© 0BT 8 06 o
050 0.4
40
0% E > 40 TeV 02
P Y - Y 0.00 0.0
3900 34°4) 2 0 343°401 SOY 440 Y T
Galactic Longitude (c): Abdalla et al., 2021 Galactic Longitude

» Discovered in 2006 during the first HESS galactic plane survey
» ~ 15° away from the GC; origin unknown
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» Discovered in 2006 during the first HESS galactic plane survey

» ~ 15° away from the GC; origin unknown

» 2021, Abdala et al.: Diffuse source with energy dependent morphology
» Size changes from ~ 0.3° below 5 TeV to point-like above 30-40 TeV
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» Discovered in 2006 during the first HESS galactic plane survey

» ~ 15° away from the GC; origin unknown

» 2021, Abdala et al.: Diffuse source with energy dependent morphology
» Size changes from ~ 0.3° below 5 TeV to point-like above 30-40 TeV
» Morphology: point-like HESS J1702-420A —+ diffuse HESS J1702-420B
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+ HESS J1702-4208
4+ HESS J1702-420A
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» Spectra: powerlaw with no cut-off indications up to 100 TeV
> HESS J1702-420A: I' = 1.53 £ 0.1944¢ £ 0.20,y5
> HESS J1702-420B: I' = 2.62 %+ 0.10,;4¢ & .20,

» Motivation: Describe simultaneously and self-consistently spectral/spatial
behaviour of both (A+B) sources.
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Diffusive regime

» An accelerator of VHE protons at the center of HI cloud. Observed photons —
7V decay.

» Propagation of protons is described with energy dependent diffusion
D(E) = Dy(E/1TeV )%

» “Low” energies: diffusive propagation; protons are entangled and randomized
in momenta space = “Extended” source
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Rectlinear regime

» An accelerator of VHE protons at the center of HI cloud. Observed photons —
7V decay.

» Propagation of protons is described with energy dependent diffusion
D(E) = Do(E/1TeV )

» “High” energies: rectlinear propagation of protons = “point-like” source
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Energy dependent diffusion UNIVERSITAT

Rectlinear regime

» An accelerator of VHE protons at the center of HI cloud. Observed photons —
7V decay.

» Propagation of protons is described with energy dependent diffusion
D(E) = Do(E/1TeV )

» “High” energies: rectlinear propagation of protons = “point-like” source

> diffusion time longer than free-fly time: 72/D > r/c
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» An accelerator energetics and spectrum: point-like source spectrum (+density;
+cloud size)
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» An accelerator energetics and spectrum: point-like source spectrum (+density;
+cloud size)

dN/dE o Qo0(E,/1TeV)";i, ~ 1.5

K/Lp t@i ~ 10—12 QlOOnO i R D
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» Diffusion coefficient index: difference of diffuse and point-like sources spectral
indexes:

1g~ 1
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» Diffusion coefficient index: difference of diffuse and point-like sources spectral
indexes:
g~ 1
» Diffusion coefficient normalisation: transition energy:
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» Relativistic diffusion distribution function for protons describing evolution in
space and momenta space: analytical expression from Prosekin et al. 2015

» Photon emission processes — naima (v.0.9.1, Zabalza et al, 2015)
» Secondary electrons production — aafragpy (v.1.12, Koldobskiy et al., 2021)
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Proper modelling: spectra and energetics  UNIVIRSITAT
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» Formal fit prefers iq ~ 1.45, but Bohm-like diffusion is not excluded

» Dy~ 10%2 cm?/s at 1 TeV, by a factor of 100 faster then Bohm for
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Proper modelling: spectra and energetics  UNVIRSITAT
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» For Bohm-like diffusion Q1p0no ~ 5 - 10%° erg/s/cm3. Comparable to Crab
energetics for ng ~ 100 cm™3
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» For Bohm-like diffusion Q1p0no ~ 5 - 10%° erg/s/cm3. Comparable to Crab
energetics for ng ~ 100 cm™3

» Energetics could be further decreased, if the accelerator/cloud are located
closer and/or are denser. Q100 ~ D. Abdalla et al., 2021: nearby dense
(200-700 cm—?) clouds at ~ 0.3 kpc...
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» The model well describes the energy-dependent changes of HESS J1702-420
morphology
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Proper modelling: sky maps R
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» The data demonstrates offset of the point-like source from the the center of
diffuse source.
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Proper modelling: sky maps R
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» The data demonstrates offset of the point-like source from the the center of
diffuse source.
» Misaligned proton accelerator? Space-dependent diffusion coefficient?
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Proper modelling: sky maps R
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» Strongly misaligned accelerator (PeVatron) could illuminate nearby cloud
which will show soft spectrum. The hard-spectrum accelerator remains
invisible or visible just at highest energies.
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Proper modelling: secondaries emission UNIVERSITAT
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» Secondary electrons: synchrotron emission in the keV band?
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Proper modelling: secondaries emission UNIVERSITAT
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» Secondary electrons: synchrotron emission in the keV band?

» For the magnetic field of 10 4G and Bohm diffusion secondary electrons emit
synchrotron close to the production place, but have enough time to isotropise
over momenta even at highest energies.
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» Secondary electrons: synchrotron emission in the keV band?

» For the magnetic field of 10 4G and Bohm diffusion secondary electrons emit
synchrotron close to the production place, but have enough time to isotropise
over momenta even at highest energies.

» Hard-spectrum (I' ~ —2), diffuse (~ 0.05°-radius) X-ray source, detectable by
XMM-Newton/eROSITA
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Proper modelling: secondaries emission UNIVERSITAT
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— >0.3keV —— Diffuse source
— >1.8keV

— >4.5keV
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» Secondary electrons: synchrotron emission in the keV band?

» For the magnetic field of 10 4G and Bohm diffusion secondary electrons emit
synchrotron close to the production place, but have enough time to isotropise
over momenta even at highest energies.

» Hard-spectrum (I' ~ —2), diffuse (~ 0.05°-radius) X-ray source, detectable by
XMM-Newton/eROSITA

» Non-detection — non-continuous injection of protons (¢ < g, ~ 1000 yr)
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» Energy-dependent diffusion allows to explain energy-dependent morphology of
VHE sources.

» HESS J1702-420 can be modelled as a proton accelerator embedded into Hl
cloud + energy-dependent diffusion + 7%-decay emission

» The data is well described with Bohm-like diffusion (~ 100 times faster for
B =10 G). The required energetics of the accelerator is comparable to Crab
for the medium density ng ~ 100 cm =3

» The energetics can be decreased if Hl cloud is located at D < 3.5 kpc.
Several such clouds were reported in Abdalla et al., 2021

» Strongly misaligned accelerator (PeVatron) could illuminate nearby cloud
which will show soft spectrum. The hard-spectrum accelerator remains
invisible or visible just at highest energies.

» Secondaries can produce detectable X-ray emission. Non-detection would
indicate non-continious injection of protons at t < g, ~ 1000 yr
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iGracias por las atenciones!
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