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Motivation: Search for PeVatron Accelerators using
y-rays

e Observations by TeV instruments over the years indicate multiple PeV accelerators
in our galaxy

e Nature of these PeVatrons are still not understood despite having several
counterparts in their vicinity!

e Supernova Remnants are capable of accelerating Cosmic rays to PeV energies

e Detection of Crab Nebula at PeV energies by LHAASO Collaboration indicates presence
of a leptonic PeV accelerator

400TeV<E, S=6.6 o

0.9 PeV

7

Pulsar Wind Nebula: Crab|
(Credit: LHAASO Collaboration)
2 MICHIGAN STATE
UNIVERSITY

Supernova Remnant: RX J1713.7—-3946 (Credit: Astrophysics Laboratory, Nagoya University)
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}ﬁvﬁi HESS J1813-178

High Al

ititude Water Cherenkov

Observed by H.E.S.S. Collaboration in 2006 as a
point source AX J1813-178

Located at ~ 4.5 kpc away

Detected in radio, X-rays and y-rays HESS

. ' . . J1813-178 0.2
Lies 18’ from W33 Star forming region PSR J1815-

INTEGRAL(2006) : Soft y-ray source
12.6 b (°)12

Originally thought to be the PWN of
PSR J1813-1749: one of the most energetic pulsar
known

Home to 3 different counterparts

PSR J1813-1749: highly energetic young pulsar
SNR G12.8-0.0 : young shell type SNR

SNR G12.7-0.0

W33 Star Forming Region

O

o O O

SAX J1819.6-1703

Classified as a PeVatron candidate
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HESS J1813-178 over the years

S
g
Energy range: 0.4 - 100 TeV \ ‘
T 18h20m 16™ 12m o8m
H.E.S.S. Galactic Plane 20 10 Right Ascension
Survey: a point source LHAASO catalog: 2 separate Latest results from H.E.S.S.
at the location of HESS sources in the region at the an extended tail: electrons
highest energies diffusing into ISM

J1813-178

What can HAWC say about the extended emission?

"
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Do we see the similar extension at higher energies?
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FOvV
.2°

Outrigger
Array
%
~0

30 m

~300 GeV to

7

65 mi

1.
Outrigger Array (~ 10000 m?)

,ICRC 2017
300 Main Array + 345
~.28r Instantaneous
High duty cycle > 95
Energy range
>100 TeV
Angular resolution
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PRELIMINARY

0.0 4.0 8.0
significance [0]
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HAWC Analysis

PRELIMINARY

15 14 13 12

IT°]

8.0 12.0

4.0
7 significance [0]

-4.0 0.0

of the region

Maximum Likelihood method (3ML, Vianello et al.
2015;Abeysekara et al. 2022)

Use a systematic source search method inspired
from Fermi’'s source search pipeline (M.
Ackermann et al. 2017)

Find morphology and Spectrum for the source that
best describes the data in the region

Best model:
o 1 point source with Log-Parabola spectrum

o 1 extended Gaussian source with
Cutoff-Powerlaw spectrum

o Galactic Diffuse Emission based on Hermes
Model(Dundovic et al. 2021)
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| Most likely association:
L [ PWN of PSR J1813-1749
-4.0 0.0 4.0 8.0  12.0 R

Preliminary Results: HAWC J1813-178

HAWC J1813-178

e A point source with Log-Parabola spectrum

e Almost at the same location as that of
HESS J1813-178 and almost spatially coincident
with PSR J1813-1749 and SNR G12.8-0.00

e Spatially coincident with HESS J1813-178A(2024)
and 1LHAASO J1814-1719u (KM2A)

e LHAASO WCDA source is 0.71° 10 width and is
offset by more than 0.7° away from the KM2A
counterpart
(“dubiously merged sources”)

significance [0] MICHIGAN STATE

UNIVERSITY



Preliminary Results: HAWC J1814-1709

HAWC J1814-1709:

o Extended source with 6.5° 10 width

o Cutoff-Powerlaw spectrum
a=-1.44 +/- 0.28, E(cutoff)=24 TeV)

e 0.4° away from HESS J1813-178B (2024)
e 0.7° away from 1LHAASO J1814-1636u

75 KM2A
[ HESS CompB

| Most likely association: ?
i A l 19 Not a lot of counterparts in the
-4.0 0.0 .0 8.0 .0 region'!

9 significance [0]
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%ij Extended Source Counterparts: A potential SNR?

HAWC ]1814-1709
12C0 FUGIN Map

(All Velocity Integrated)

100

0°30°

Galactic Latitude (degrees)
12CO Intensity (K)

—4.0 0.0 4.0 8.0 12.0
significance [0]

SNR G13.5+0.2 o
Elongated, incomplete shell
Distance 13+/-7 kpc(Lee et al. 2020)

3.6 arcminutes wide

Not detected in Fermi’s SNR search 13°30° 00

10 Galactic Longitude (degrees) E
UNIVERSITY




}ﬁvﬁj Extended Source Counterparts: A potential Binary?

ter Cherenkov

High Altitu

PRELIMINARY e GX13+1/V5512 Sgr

o Low-mass X-ray binary system
o Most luminous “atoll” source

. o X-ray burst during 1985 and 1995
LN suggest that the accreting
object - neutron star

Integ;g}4éBiSCISGRI o The spectral type of the
° _ companion star is K5 III(~ 0.8
1:0€:00.0 = MO)

o Distance to the system is 7 kpc

 Ku2A A PsJiei1 70 , o Period is around 25 days

e
[ HESS CompB
y

1'50 .11 17-1732
+

. o Only other LMXB to be detected
IGR J18135-1751 > in gamma-ray
' m XSS J12270-4859

vocaop{ % (Fermi-LAT association)

»
| SAXJ1819.6-1703

=
13:00:00.0 r
s\\
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[AWC

High Altitude Water Cherenkor
Gamma-Ray Observatory

Fermi-LAT Analysis Results

e Analysed 14 years of Pass 8 Data using P8R3_SOURCE_V2 IRFs

o Found 2 sources in the region

m 4FGL J1813-1737e (0.38° extended)

m 4FGL J1814.1-1710 (point source): closer to GX13+1

e Calculated the light curve from 4FGL J1814.1-1710 with a 30

day binning period

e No significant variability in the flux found in the 30 day LC

le-8 30 day binning

4.0
3.5
3.0
2.5
2.0

1.5

®, [ph/cm?/s]

1.0

o R

55000 56000 57000 58000

12 t [MJD]

PRELIMINARY

Galactic Latitude

Galactic Latitude

[ HAWC J1814-1709
77 4FGLJ1813.1-1737e

14°30' 00’ 13°30° 00’ 12°30°

All sources except J1814.1-170

v?',':f

§¢  PRELIMINARY

9
&
<

[ HAWC )1814-1709
L7775 4FGLJ1813.1-1737e

14°30' 00’ 13°30' 00' 12°30'
Galactic Longitude
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*KW’C Summary

e Fermi analysis show no flux modulation in the

e Work in progress. Stay tuned!

HAWC Observations of HESS J1813-178
o Observed 2 different sources in the region

HAWC J1813-178 - consistent with other
observations

o Spatial association with the PWN around the
pulsar

HAWC J1814-1709 - Extended source with 2
counterparts

o Spatial association with a far-away SNR

o Spatial association with a LMXB

light curve

e Emission from HAWC J1814-1709 is still a mystery! I7°]
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Thank you
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Fermi Fit Results

1°00'

5 e 4FGL J1813.1-1737e: Extended source
and Log-P spectra
0°30'
§ o alpha=2.41, beta=0.01
5 o o r=0.46 degrees
§ e 4FGL J1814.1-1716 : Point source
)
0°30 and PL spectra
o 1index=3.23 (soft spectrum)
1°00'

] HAWC CompB
HAWC J1813-177
L 4FGL)1813.1-1737e

30'
15°00° 14°30' 00' 13°30° 00’ 12°30'

Galactic Longitude

Significance map of HESS J1813-178 -
region after refit with source G
localization and source search 15 MICHIGAN STATE

UNIVERSITY



®, [ph/cm?/s]

®, [ph/cm?/s]
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le—8

Light curve analysis for 4FGL J1814.1-1710

30 day binning le—8

+ H + + H ++ ' ! i [l rg
st Bt G ¢ Ok
55000 56000 57000 58000 59000 60000 55000 56000 57000
t [MJD] t [MJD]
le-8 Binning Overlay
l .
\ b
59006

t [MJD]

7 day binning

Y \
albe 1yhe

58000

e Light curves are binned in 1 week and 1 month respectively

e Weak source so a lot of data is almost zero flux
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0.3

0.2

Power(arb units)

e Light curve analysis for 4FGL J1814.1-1710

rrrrrrrrrrrrrrrrrrrrrr

—— Frequency

ettt ] h_.hmA.J.uh<|41JJ__A
20

10 15 25 30

Frequency(1/d)

Lomb Scargle power periodogram for
30 day binning

Lomb Scargle periodogram indicates a frequency range between 16-23 days(30 day
binning) and 15-28 days(7 day binning)
The orbital period of the system is 24 day
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Declination

E2-dN/dE [erg cm™2 s71]

HESS Results 2024

-16°

-17°

e Extended emission is caused by electrons
and positrons escaping the confines of
the PWN and diffusing into the ISM

e Diffuse leptonic emission around a pulsar
is usually only observed in systems older
than ~10 kyr

e The true age of the system is < 5kyr

sholadink " TUolle ‘ e Diffusion coefficient is below that

observed in the ISM

-18°

-19°

==+ Last 0.4 kyr Comp. A INTEGRAL .
oy Last 2.7 kyr @ Comp.C VLA e Energy density comparable to that of TeV
= 0-1.6 kyr A XMM-Newton 4¢ Chandra

+ Comp. B halos

: X e Non-uniform diffusion coefficient
e Maybe possible

e No conclusive result

10710 4

10711 4

10712 4

10-13 4

=
&

10-16 10713 10-10 10-7 1074 107! 102 18 MICHIGAN STATE
Energy [TeV] UNIVERSITY
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Declination
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-16°

-18°

=19°

16™ 12"
Right Ascension

Map of the region

08™

HESS(2024)
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ﬁ High Altitude Water Cherenkov Observatory

4100m elevation on the

flanks of Sierra Negra,
Mexico

Energy range: ~300 GeV to
>100 TeV
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