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HESS J1809-193

| | 1830
» H.E.S.S. discovery in 2007 [1] g
. =
m Based on 25h of observations (9h for spectrum) ‘?3-18045’
= Associated with PSR J1809-1917 = A
(E=1.8x10"%ergs™!, .= 51 kyr) -19°00’
-19°15°
-19°30’
BEERY.
-20°00’
18"12™ 18"10™ 18"08™
Right Ascension
J
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HESS J1809-193

» H.E.S.S. discovery in 2007 [1]

m Based on 25h of observations (9h for spectrum)

m Associated with PSR J1809-1917 X,
(E=1.8x10"%ergs™!, .= 51 kyr)

» Suzaku: extended, hard X-ray emission [2]

m Supporting the leptonic/PWN scenario

=19:600
joo 272400 272.200
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15:00

HESS J1809-193

» H.E.S.S. discovery in 2007 [1]

m Based on 25h of observations (9h for spectrum)

m Associated with PSR J1809-1917
(E=1.8x10%ergs™!, .= 51kyr)

25:00 -19:20:00

Declination {J2000.0)

30:00

35:00

» Suzaku: extended, hard X-ray emission [Z] | |
m Supporting the leptonic/PWN scenario 400 200 1810000 400 200  09:00 il O

Right Ascension (J2000.0) 0.72

» Detection of molecular clouds [3,4] | _
 Distance compatible with SNR G011.0-00.0 o
®m Cloud densities — hadronic/SNR scenario viable! —

0.95

JCMT CO(3-2

Mopra CS(1-0)

\]
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HESS J1809-193

« H.E.S.S. discovery in 2007 [1]
m Based on 25h of observations (9h for spectrum) :
= Associated with PSR J1809—1917
(E=1.8%x10%ergs™, 7. = 51kyr) w200
» Suzaku: extended, hard X-ray emission [2]
= Supporting the leptonic/PWN scenario ———

» Detection of molecular clouds [3,4]

m Distance compatible with SNR G011.0-00.0 o HESS J1809-193
= Cloud densities — hadronic/SNR scenario viable! :
u " '7'\ 10—11
» Detailed Fermi-LAT study [3]
m s HESS J1809-193 a PeVatron? ,v
W 107"
10-13 Elllll L LI UL L1 LI L L L L L L L L I 1L L L AW =
10° 10’ 10° 10° 10" 10" 10" 10" 10"
Energy (eV)
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HESS J1809-193

» H.E.S.S. discovery in 2007 [1]
m Based on 25h of observations (9h for spectrum)

m Associated with PSR J1809-1917 HESS J1809-193
(E=1.8x10"%ergs™!, . = 51 kyr)

= Suzaku: extended, hard X-ray emission [2]
m Supporting the leptonic/PWN scenario

LA AR e N mPuR. o W

43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 2524 2322212019181716151413121110 9 8 7 6 5

» Detection of molecular clouds [3,4]

m Distance compatible with SNR G011.0-00.0
m Cloud densities — hadronic/SNR scenario viable!

s Detailed Fermi-LAT study [3]
m|[s HESS J1809-193 a PeVatron? I >W

« HAWC detection >56 TeV [6]

m Spectrum possibly extending to beyond 100 TeV
m Supports PeVatron hypothesis

\J
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Revisiting HESS J1809-193 with H.E.S.S. (and Fermi-LAT)

= New H.E.S.S. analysis

m 93.2h exposure (with four 12m telescopes only)
— more than doubled since Gamma 2008 [/]

m Sophisticated background model
constructed from archival observations [8]

m Employ Gammapy (v0.17) [9]

m — spectro-morphological (3D) likelihood analysis
("“Fermi-LAT style™)

m Energy threshold of combined data set: 0.27 TeV

= New Fermi-LAT analysis
m 12.4 years of data (until Dec. 2020) A Python package for
m Sciencelools v2.1.0 / Fermipy v1.0.1 [10] ) 7-‘- gamma-ray astronomy
m Modelling consistent with H.E.S.S. analysis
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H.E.S.S. Flux map

= Source morphology
m Extended (1°-scale) emission
m Bright peak at the centre

F [10‘8 cm 27! sr‘l]

10/
~18°30’
» Peak of emission...
15’

m ... is slightly offset
from X-ray PWN ~19°00 -

m ... coincides with 5 : i -
molecular clouds / E i i o
shell of SNR 530 i i s

I |
30’
H.E.S.S. Preliminary
—20°00’ e JCMT 2CO (J=3-2) (16-27 km/s)
S PSR T1805 Mopra CS (10-25 km/s) ~19°35’
PSR J1811-1925 ~ — Mopra CS (25-38 knys)
XTE J1810-197 e Suzaku (2-10 keV)
18N 14m 12m 10m 08™ 06™ 18" 10308 00° 09™m30° 00°
Right Ascension Right Ascension
S
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= (0.62 + 0.03,,, = 0.02,,,) deg

Modelling the emission: spatial models 5 = (0.095 % 0,007, + 0.003,,,) deg

= 1-component model = 2-component model
m Spatial model: elongated Gaussian m Add 2nd component (radial Gaussian / power law)
m Spectral model: power law m Much better description of data! (preferred by 13.30)
= Not a good fit!
Significance [o] Significance [o]
=25 00 25 50 7.5 10.0 125 -4 -2 0 2 4

| | | | | | | |

e '-:i\ [ A s '-ﬁ\
Zcomponentmodchly | ()T M MH E.S.S! Preliminary | | (@A™
omry I == == Component |
—18°30 b e - - \ . .Component 1 -
- /

—19°00’ — -
= - I
S \
<
= 30/ - - 2 \ -
Q
: ‘\>c\ 2

L mponeéen
_20000/ CRN o po é .
F \
30/ 1-component model " - -h' \ -
== == Component 1 j° 4 I I : - \
. \
' | 1 1 I 1 1
18h15m  12m 09™ 06™ 18h15m  12m 09™ 06™ 18h5m  12m 09™ 06™
Right Ascension Right Ascension Right Ascension
N
\ Lars Mohrmann (lars.mohrmann@mpi-hd.mpg.de) — HESS J1809-193 — Gamma 2022, Barcelona O


mailto:lars.mohrmann@mpi-hd.mpg.de

Modelling the emission: spectral models

= Component 1

= Power law (PL) or This work

. . 11
Power law with exponential cut-off (ECPL) 10 ; gomp OHZEI;
ompon
= PL model T
» ' =2.24+0.03, +0.02, 2
=
m ECPL model (preferred by 80) >
D)
» ' =1.90 +0.05,,, = 0.05,,, = r'i
Lﬂ 10 B
_ 7] 426 2
> E. = (12.7 x| i Sys) TeV S \l
X
= Component 2 % A HE.S.S. (2007) \
= Pl model ¥ H.E.S.S. (HGPS, 2018) \‘
¢ MAGIC prelim. (ICRC 2021) v
p— =+ -+ ° *
m ECPL model not significantly preferred
(+ would require even harder index) 1 10 100
E|[TeV]
\]
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Flux map with H.E.S.S. models

» Component 1 describes
extended emission

m centre point offset
from peak of emission

~18°30’
~  Component 2
« Component 2 describes
bright peak .
m coincides with molecular _ . .
clouds / shell of SNR ;: i i
: S i |
m Also overlaps with A 30 | |
|
X-ray PWN - '
H.E.S.S. Preliminary
—20°00" - A PSRJI1809-1917 — ﬁyizg((’léf_ ;;{21;/(:)6‘27 )
PSR J1811-1925 - Moimcs .
XTE J1810-197 e Suzaku (2-10 ke V)
18P 14m 12m 10m 08™ 06™18"10™30° 00° 09™30° 00°
Right Ascension Right Ascension
S
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8

0 2 4 6

=== Component |

10

15’

20/

25’

UOTBUI[I9(

30

—19°35’
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® J1810.3-1925¢ (this work)

Fermi-LAT analysis results | T e e 08,

T 1078 -
s 4FGL J1811.5-1925 § {
m Point source S |
&
= Connected to PSR J1811-1925 = {
o
X 1079 4
s 4FGL J1810.3—-1925e i
m Extended emission, morphology similar to H.E.S.S. comp. 1 IHESS Preliminarv. ¢
m Counterpart to HESS J1809-1937 Significance [0 NN i
~5.0-2.5 0.0 2.5 50 7.5 10.0 12.5 15.0 E[GeV]
I I I I I I c
—
T @ N\ HES.S. Preliminary [ {® Nicaa" — = HESS.conp. 1 [
== == H.E.S.S. comp. 2
30" - \\ - \\ - \\ #8 J18103-1925¢ |
\ \ & J1811.5-1925
. —19°00' - - - ,\’— - - ,’_S\:§§ -
= / \
= 30" - - - \{'\ %,‘\‘ i
A \-:)_(\(I
~20°00’ - = \ - - \ -
\ \
30’ - . \\ . \\ I
\\ \\
18h|15m 12|m 09Im 06|m 18h|15m 1£m 09Im 06Im 1811I15m 12|m 09Im 06|m
Right Ascension Right Ascension Right Ascension
J
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Combined Fermi-LAT & H.E.S.S. spectrum

» Spatial models suggest that H.E.S.S. comp. 1
and J1810.3—1925e are connected H.E.S.S. Preliminary

m Requires a spectral break around 0.1 TeV!

H.E.S.S. (Comp. 1)
H.E.S.S. (Comp. 2)
Fermi-LAT (J1810.3—1925e)

oh
N —11
= Spectra of H.E.S.S. comp. 2 and = 10
J1810.3—-1925e connect more smoothly 3
D)
m But a spectral break is still required =
m Also: Fermi-LAT source much more 13
extended than H.E.S.S. component! =
> 10—12
i
1073 0.01 0.1 10 100
E[TeV]
\]
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Combined Fermi-LAT & H.E.S.S. spectrum

1010 - e —
: #?i?:f:@__q;_ | H.E.S.S. (Comp. 1)
A _~¢_ : ,,1-'r1~'-1-1~1~i\ # : H.E.S.S. (Comp. 2)
& % T | PRI Fermi-LAT (J1810.3-1925¢)
£ | —>— ¥ N
; 10-114 © H.E.S.S. 2012 ) F{‘
O 1 4 3FHL
Q9 4 Grondin 2013
LLJ ¥ this work LE
2 ¥ this work HE
=
O
o 1012+
100 101 102 103 104 105
Energy (GeV)
= Reminiscent of Vela X...?! [11]
1073 0.01 0.1 1 10 100
E[TeV]
S
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Interpretation: PWN model

« Modelling performed with GAMERA library [12] 5
m Time-evolved spectral modelling of non-thermal radiation ;: 10-13
=
10
= 3 generations of electrons
m Halo of “relic” electrons (20 kyr) — H.E.S.S. component 1 o
m Recently (< 2 kyr) injected electrons — H.E.S.S. component 2
m Youngest (< 1 kyr) electrons — X-ray nebula
7107
= Fermi-LAT data below 10 GeV unexplained f
m 4th electron generation, even older??? E
= Hadronic emission related to molecular clouds / SNR? z 1077
> Extent of Fermi-LAT emission unexpectedly large N:

{ =— 0-17.9kyr

H.E.S.S. Preliminary
== == [ast 2.0 kyr
== Last 0.9 kyr 7
/,/
VAR
VAR
/.,
/.
/.
/.
/.
/.
/.
) /e
VAN
o l : .’t
/7 ¢ HE.S.S. (Comp. 1) B Suzaku
,’ N ¢ HES.S. (Comp. 2) ¢ G011.0+00.0

l5 $  Fermi-LAT (J1810.3-1925¢)

l L4

| | | | | | |
10-t 10° 107 1077 107* 107! 107
E[TeV]

1 H.E.S.S. Preliminary
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Interpretation: PWN model — spatial extent

= Assume ‘relic” electrons started propagating
20 kyr ago (age of system)

= Compute expected size of halo
as a function of y-ray energy

m Compare with extent of emission as
measured for H.E.S.S. component 1

= Good match for D, = 1.8 X 10*’ cm?s™!, § = 0.63
— well compatible e.g. with Geminga case

= Highest-energy electrons have cooled away

m Expect cut-off in y-ray spectrum
m ...as observed for H.E.S.S. component 1!

H.E.S.S. Preliminary

Dy = 1.8 x 10’ cm?s™!, § = 0.63 N
0.4 27 2 o1 \\
e Dy =5.5%X 10" cm”s™, 6 = 0.33 ~
- Dy=44x10°cm?s7 !, 6 =1.00 \\\
0.3 5 B HE.S.S. component 1 measured 1
1 I 1 1 1 1 1 LI L I 1
0.1 1 10 10
E[TeV]
16
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—-18°30’

I
—_
\O

0]
S
<

Declination

—-20°00’

30

Alternative: PWN + SNR model?

» H.E.S.S. component 2

m Overlaps with molecular clouds / shell of SNR
— hadronic origin?

m Fit hadronic pp model with naima [13]

m Required energy in protons:
W, ~ 4 x 10" (n/1cm™)"erg

H.E.S.S. Preliminary

PSR J1809
~ PSE
» 7y

18h14m

12" o™
Right Ascension

08™

F[108cm2s s
6 8 10 12
1 1 1
10/
15/
20/
o
&
=
25 &
o
=
30
GU11.0+00.0
e JCMT 2CO (J=3-2) (16-27 km/s)
== Mopra CS (10-25 km/s) —19°35’

== == Mopra CS (25-38 km/s)
=== Suzaku (2-10 keV)

06™ 18" 10™30° 00° 09™M30° 00°
Right Ascension

S
ek
S

E? x dN/dE [TeVcm 257!
S

1071

] ¢ HE.S.S. (Comp. 1) == |C model

T i H.E.S.S. (Comp. 2) === pp model

- ¢  Fermi-LAT (J1810.3-1925¢)

@

1 ¢

1 "¢

3r, =134+045

] _ 135

1EP = (11015°) TeV

- H.E.S.S. Preliminar

L ¢ rrrre LA L o rerrn
1072 0.01 0.1 1 10 100
E|[TeV]
17

Lars Mohrmann (lars.mohrmann@mpi-hd.mpg.de) — HESS J1809-193 — Gamma 2022, Barcelona


mailto:lars.mohrmann@mpi-hd.mpg.de

Conclusion

—18°30’

= New H.E.S.S. analysis of HESS J1809-193

m Resolved two components with distinct
morphologies and energy spectra

= New Fermi-LAT analysis

m Confirming extended emission,
arguably connected with HESS J1809-193

= Complex environment — interpretation challenging!

m Extended H.E.S.S. component compatible
with a halo of “relic” electrons (cf. Vela X)

m Origin of compact H.E.S.S. component &
relation to Fermi-LAT emission unclear

= \Watch out for the paper soon!

\]
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—-20°00’

H.E.S.S. Preliminary

PSR J1809—1¢
~ PSRIJIS
I e

scension

08™

s JCMT '>CO (J=3-2) (16-27 km/s)
=== Mopra CS (10-25 km/s)
== == Mopra CS (25-38 km/s)
s Suzaku (2—-10 keV)

scension

00°

10/

15’

20/

°d

urpo

25 B

30

—-19°35’
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Fit of hadronic background model - A dEE
. . L . 20 1 |
= Exclude regions with significant gamma-ray emission 20 - L T
» Fit normalisation + spectral tilt of background model 0. 10-
for each observation run L J‘

G L T () -—H - E— () IIL u n.
= "Stack” observed counts / background model prediction 05 L0 15 05 00 03
for all observation runs — study residuals ackground normafisation ackground spectral tit

= Very good description o’ IH.E.S.S.I Prelimilllary _
outside the exclusion _17° - e B . - 4 10* 4 H.E.S.S. Preliminary o = 1.041 +0.003
regions! e HESS JI813-178] I 3_
o) 10 E
- 5 :
S —19° ~ ‘ t s & '
E HESS 11809193 L0 S E 100 :
g _20° - 5 g,) o ;
_ ) ? 1 All pixels
_71° 4 - I 1 excl. other sources
1 3 + excl. HESS J1809—-193
» * |HESS J1804-216|f" & 4 sl . | | | |
—22° + | | i —4 -2 0 2 4 6 8
| 8hll om 12'm o6 O(I)m Significance [o]
Right Ascension
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2-component model — significance maps for energy bands

Significance [o7]

= No strong residuals in any of the maps

= 2-component model is a good fit
across all energies!

Declination

Declination

—18°30’

—19°00’

30/

—20°00’

30/

—18°30’

—19°00’

30/

—20°00’

30" -

—4 -2 0 2 4
] | ] ] ‘ﬂ\ ] ] ]
. \\ E < 0.75TeV "~ \% [075TeV <E<2.1TeV
\. & - - A
\ \
o e ™ o B ‘-i-( T
\ ; TR N 5
\ \
\ §\¢> \‘ - - ; : \ ﬁ(\ \|
N N\ ; N
o SRV AL NG ~\ J
\ SOV A
\\ \
\ - B AL
E‘l * \ o \
\ o\
| | | | | | |
] | ] ] — ] | ]
\\ ¥ 21 TevV <.E <5.6TeV \\ E>5.6TeV
\ : ] \
\ \
2\ AN B
Ll S T i - 3
\ \
\\,. \\- \\ \\
\ 1 - - 1
N \ N \
\\ ~\’/ ¥ \\ ~\'/ i
\ | \
\ \
_ L \\ e \\ -«
H.E.S.S. Preliminary -\
1 | | - | | | | - |
18h15m  12m 09™ 06™ 18h15m  12m 09™ 06™
Right Ascension Right Ascension
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1-component model fitted in energy bands

= Possibility of energy-dependent morphology
— does the 1-component model work
If its spatial extent is allowed to
vary with energy?

= Re-performed fit in four distinct energy bands

m Spectral index fixed to best-fit value
from regular fit

m All other parameters left free

= Still not a good description of the data!

Declination

Declination

—18°30’

—19°00’

30/

—20°00’

30/

—18°30’

—19°00’

30’

—20°00’

30"

Significance [o]
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2-component model fitted in energy bands igifcance (o

4 2 0 2 4
» Re-performed fit in four distinct energy bands . 1, T Ry v
= Parameters of component 2 & Rl Now ! - - s
spectral index of component 1 fixed 000 - R M ok
5 \ R ad ; N g
m All other parameters of component 1 left free 2 \ % B Tox 4 Sl
= 30’ - ook e Uy _ N ANy
g M \\ . R TAYY
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» Fitted spatial models compatible between w4 0 L B,
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Best-fit parameter values of 2-component model

= [Two different spectral models for component 1

Par. [unit] Value

Component 1 (PL spectral model)

m PL = power law R.A. [deg] 272.551 % 0.025,, = 0.018,,,
. . Dec. [d ~19.344 + 0.023,, + 0.013,,,
m ECPL = power law with exponential cut-off aiﬁe[g]eg] 0.622 % 0.032u + 0.020,,,
. e 0.824 + 0.0254
m ECPL model is preferred 6 [deg] 50.0 £ 3.1.0,
- - No[1072TeV ! em™2s7!] 8.42 + 0.404, + 1.14,
B 0L stat Sys
Parameters of component 2 do not depend on this choice - 2239 + 0,027 £ 0,020,
E, [TeV] 1 (fixed)
Component 1 (ECPL spectral model)
_ , R.A. [deg] 272.554 + 0.0254 % 0.019,
= Systematic errors computed as described Dec. [deg] ~19.344 £ 0.02 15 + 0.01245
: : d 0.613 + 0.031,,, + 0.015,,,
on following slide o Ides] 0820 0i2s,
¢ [deg] 51.3 + 3.1
No[1072 TeV'em™2s™] 9.05 + 0.47 g £ 0.914y
F 1.90 :t 0.0Ss[a[ :t 0.053)'3
Ec TCV] 127t%¥ stat t%g Sys
E, [TeV] 1 (fixed)
Component 2
R.A. [deg] 272.400 = 0.0104
Dec. [deg] ~19.406 + 0.009
o [deg] 0.0953 + 0.00724, + 0.0034,
No[1072TeV ' em257!] 0.95 + 0.11 = 0.011,
r 1.98 % 0.05, + 0.03y,
Ey [TeV] 1 (fixed)
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Estimation of systematic uncertainties

Table B.1. Parameter variations for systematic uncertainty estimation.

= Consider four systematic effects:

Par. Variation Description

Global energy scale

Gaussian
P (u=1,0=01)

m Global energy scale shift

Shift of energy scale

m Background model normalisation

Background model variations

Gaussian Background model
PBG =1, c=0.01) normalisation
s Gaussian Background model
BG (u=0,0=0.02) spectral tilt
Agrad Gaussian Amplitude of background
BG (u=1, 0 =0.01) gradient (in deg™!)
grad Uniform Direction of background
@B (0° — 360°)

m Background model spectral tilt
m Background model linear gradient

gradient

= Procedure:
m Randomly vary instrument response functions (IRFs)

m Generate pseudo data set based on varied IRFs
+ pest-fit source models

m Fit pseudo data set with original (unmodified) IRFs
m Repeat 2,500 times

= Systematic error can be estimated from resulting
distributions of fitted source parameters

= Systematic error on flux points deduced from those on
flux normalisation / spectral index

\]
QQQ

H.E.S.S\J

Entries

Entries

_ |
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|
|
200 | |
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[
| |
100 L
: |
L
O | | . | |
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o = 0.034 + 0.001 : | ogys = 0.020
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Estimation of systematic uncertainties

Table B.1. Parameter variations for systematic uncertainty estimation.

= Consider four systematic effects:
m Global energy scale shift
m Background model normalisation

Par. Variation Description

Global energy scale

Gaussian
P (u=1,0=01)

Background model variations

Shift of energy scale

p Gaussian Background model
. BG _ _ "
m Background model spectral tilt 5 ks Baleuntmen!
B k d d I I ] d ] BG (u=0,0=0.02) spectral tilt
] rad Gaussian Amplitude of background
ackground model linear gradient = g _Gusin - Amplideofbackero
of Uniform Direction of background
. BG (0° - 360°) gradient
= Procedure: —

m Randomly vary instrument response functions (IRFs)

m Generate pseudo data set based on varied IRFs
+ pest-fit source models

m Fit pseudo data set with original (unmodified) IRFs
m Repeat 2,500 times

= Systematic error can be estimated from resulting
distributions of fitted source parameters

= Systematic error on flux points deduced from those on
flux normalisation / spectral index
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Fermi-LAT spectra for H.E.S.S. model components

= Extracted spectra for H.E.S.S. model

components ® J1810.3-1925¢
§ H.E.S.S. comp. 1 template

=« Component 1 H.E.S.S. comp. 2 template

= Flux slightly larger than with nominal T, 107 ‘~ -
Fermi-LAT model )l \~ |
m Not surprising, given slightly larger ; \
extent 3 Y
=« Component 2 = |
= No significant detection with Fermi-LAT = \
m Expected given broad-band sensitivity X 1079 ‘
(grey dashed line in plot) S v I T T

H.E.S.S. Prelnﬁnary

v
1 10 100
EGeV]
S
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GAMERA PWN model: parameters

= [nput
m Pulsar distance: d = 3.27 kpc
m Pulsar spin-down power: £ = 1.8 X 10%°ergs~!
m Pulsar characteristic age: 7. = 51.4 kyr
m Pulsar period: P = 82.76 ms
m Pulsar period derivative: P =2.55 x 107 *s s
m Pulsar braking index: n = 3
m Cooling break energy: £, = 0.1 TeV

1

m [nitial spectral index of wind electrons: o, = 1.5

\]
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s Fitted

= Fraction of spin-down power in electrons: 6 = 0.647,+>
ey = (5.7 £0.6) 4G
m [nitial pulsar period: P, = (65 £ 3) ms

m Present-day B-field: B,

= Injection spectrum cut-off energy: log,(E./TeV) = 3.57)¢

= Spectral index of wind electrons: a = 2.270-0

s Time fraction (X-ray electrons): fy_,,, = 0.045f8j8ﬁ

m Time fraction (PWN electrons): foywyn = 0.10 £ 0.01
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GAMERA PWN model: diagnostic plots

= Resulting distributions from MCMC fit

B(Now)(G)

PO (s)

log10(Ecut/TeV)

Time fraction (PWN) Time fraction (X-ray) spectral index (wind)

30
L] T T T

+e8 %o
T

¥ SO R PP A

Theta (fraction)

B(Now)(G)

log10(Ecut/TeV)

o B SR I

spectral index (wind)Time fraction (X-ray) Time fraction (PWN)
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GAMERA PWN model: diagnostic plots

B;field Evolutiqn
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