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Strong X-ray synchrotron emission, correlated with TeV i -
— just leptonically dominated (i.e. Inverse Compton)?
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Young, resolved (in TeV), TeV-dominated (in y-rays)
Strong X-ray synchrotron emission, correlated with TeV
— just leptonically dominated (i.e. Inverse Compton)?




The case of RX J1713.7-3946 UNIVERSTIAT

TUBINGEN

* Good (local) correlation between (nonthermal) X- 2
rays and gas absorption "
« TeV emission and (nonthermal) X-ray emission 5 —~
well correlated (e.g. Acero et al. 2009) > 41 |
IR ¢
— SNR shell co-located with (asymmetric) gas A 3 B
— TeV and X-rays brighten in regions of high density 5
» Good correlation between TeV emission and gas = 1
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RX J1713.7-3946 with CTA Uﬁ%ﬁf}é}g@ T

« Simulation of an extra
(hadronic pevatron)
component

* CTA (Cherenkov
telescope array) key
target

Acero et al. (CTA context) 2017
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(2) CTA lepton-dominated case (Ap'Ae=0,01)

(b) CTA hadron-dominated case (Ap/ Ae=100) (¢) CTA hadron (Ap/Ae=100) ~ lepton (Ap/Ae=0.01)
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Potential PeVatrons amongst unidentified

H.E.S.S. sources?
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« HESS J1641-463

Very hard spectrum, index 2.07
Data points up to 20 TeV
Lower limit on cutoff energy: 100 TeV

— a potential PeVatron?
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The search for ,,hadronic* SNRs with L
Fermi-LAT TUBINGEN o

cf. LAF-coll--Science-2613

» Several historic SNRs have been advocated
in the last years to be hadronic SNRs
(hadronic = y-ray emission dominated by 1°
decay)

« Examples: IC 443, W44, \W49B, W51C,
Tycho, Cas A

« Mostly based on m9%-bump detected with e 59y<w i
Fermi-LAT

* Interaction with molecular clouds

* Young and middle-aged SNRs

» TeV emission of these sources (if detected
and identified as SNR emission) mostly
unresolved or marginally resolved

» GeV-dominated (in the y-ray band), hard to

track the highest energy particles (if present) W
]

E? dN/JE (erg cm™® s™)

Declination (%)

Z an (4] 80 100
(iumma-rzl_\ excess counts

News on TeV SNR shells -7 - ISM in the Local Universe, Bamberg, March 26-28, 2018



SERHARD KARLS

£ : e ARLS oy
W49B — An interacting SNR SR

« Rather young (1-4 kyr) SNR, interacting with dense clouds (~103 cm-3)
« Low energy break — 10 signature (as for IC 443, W44 and W51C)

— Likely also a hadronic source (accelerator)
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H.ES.S. & Fermi-LAT collaborations, A&A 2018 in press
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GeV-TeV spectra of supernova remnants
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GeV-TeV spectra of supernova remnants  UNVERITA
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New SNR (candidates) identified in the
H.E.S.S. Galactic plane survey

H.E.S.S. collaboration,
A&A 2018 in press;
HES.S. SOM03/18
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New SNR (candidates) identified in the ONIVERSTTAT €@
H.E.S.S. Galactic plane survey TUBINGEN  #

le-8 le-8

HESS J1534-571: SNR nature HESS J1912+101, HESS J1614-518:
confirmed w/ radio counterpart no counterparts that permit identification

H.E.S.S. collaboration,

» Large angular diameters (0.4° .. 0.5°) A&A 2018 in press

» Distances unknown, but in any likely association scenario (spiral arms / molecular
gas, other possible counterparts): 15 .. >50 pc

» A possible scenario: young to middle-aged (~1000 .. >10000 years) SNRs, evolving
in wind-blown cavities (cf. RX J1713.7-3946, Vela Jr., HESS J1731-347, ...)

News on TeV SNR shells -12 - ISM in the Local Universe, Bamberg, March 26-28, 2018



New TeV shells: What about X-rays?
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Sensitive limit with Suzaku-XIS

No sensitive coverage yet
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0.3-1.0 keV

XMM-Newton coverage
inconclusive due to straylight
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New TeV shells: What about GeV?

Araya, ApJ 2017
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« Conclusion about hadronic vs. leptonic:
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Molecular clouds as CR calorimeters THRINGEN

Accelerator Cloud = Molecular clouds near CR
accelerators should give clues about
Interstellar Medium the CR source spectrum, injection and
D\ n<cm”, wer~1eV/cm propagation
AT > = Works with the Galactic center
y / (pevatron)
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Moded (best Nt): Diffuse emission

Model: Diffuse emission El_," = 2.9 PeV .
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Two SNRs with possible CR escape:
Proton signature and ISM/ICM probes

HESS J1731-347 W 28
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« Simulation of temporal evolution of SNR, including CR acceleration and energy-
dependent escape into the surrounding medium

 3d setup of surrounding molecular clouds (MC); assumption that y-ray emission is
from CR proton — MC gas collisions

» Spatially-dependent CR diffusion coefficient (from B-field turbulence); related to

gas turbulence
Cui, GP +, A&A 2016, Cui, .. GP 2018 in prep. |
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a young SNR with possible CR escape TUBINGEN
§ ~34doom H.ESS.S. coll,, Simulated 1 TeV image e
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HESS J1731-347 :
-35d30m G353.6-0.7 - 6100year slow diffusion in the MC
17h34m 17h30m 063 060 5 °©
Cl/ll GP + A&A 20] 6 Right ascension TeV spectrum from MC—J1729 and MC—core
» 20 M, progenitor, 6 kyr old SNR still inside wind 20Mg, SNellL/b Slow Diffusion in MC clumps

© F20Mg SNellL/b Homogeneous Diffusion .
J1729 observation

bubble (shock ~2000 km s)
SNR shell emission mostly leptonic (IC)
Only escape of ~TeV++ (not yet ~GeV) particles

Short timescales imply that TeV and MC
morphology don‘t need to match perfectly

Diffusion coefficient in ICM ~ Galactic standard ot (1o
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HESS J1731-347: LN\H\\H AT e
X-ray synchrotron surface brightness and N,;,  TUBINGE 4

Intrinsic (deabsorbed) surface brightness Absorption column

Doroshenko, GP +, A&A 2017

— pure non-thermal X-ray emission
— NH increases towards West because of foreground/surrounding MC

— intrinsic X-ray flux variation: drops towards West

— fraction of TeV emission from Western part of SNR may stem from protons
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Are CRs really diffusively transported? I RS e
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* Distance of SNR to MC ~
turbulence scales
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— anisotropic diffusion / particle
transport possible in this case

59@ nsler et al 2 1 1 Nature 478, 1&
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a middle-aged SNR with CR escape .

$ HES.S. coll, Tev (H.ES.S.) Cui, . GEZOLS Sev (Fermi-LﬁT)
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« 8 M, progenitor, no wind bubble (could also be la), 37 kyr SNR (shock ~100 km s™)

» Escape of ~TeV particles throughout evolution from entire shell, escape of GeV
particles through broken shell; in the ,damping” case, additional escape of GeV
particles from entire shell at late times

* Diffusion coefficient in ICM ~10% Galactic standard (from TeV data, as in all other
similar W28 studies)

» TeV and GeV spectra at four different MC locations to fit, constraints e.g. on the
diffusion coefficient Cui, .. GP 2018 in prep.
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Conclusions TUBINGEN

« Identification of particle species (leptonic vs. hadronic) in y-ray emitting SNRs
continues to be an issue

« Search for PeVatrons / PeVatrons SNRs to identify accelerators up to knee
energies (and identify them as proton accelerators)

« m9-bump in LAT spectra of several SNRs identifies them as proton sources, but
not as PeVatrons; many are evolved/interacting with molecular clouds

 New TeV SNR shells can be interpreted as proton sources, where SNR shells
interact with wind-blown cavities (connecting young TeV shells with evolved LAT-
selected SNRs)

* CR escape from SNRs can be used as a tool to
* identify them as proton accelerators
* identify them as PeVatrons (SNR PeVatron lifetime is short)
» study the ISM through CR propagation
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