Investigating the origin of gamma-ray emission from the
unidentified PeVatron LHAASO J2108+5157 using data
from VERITAS, HAWC, Fermi-LAT and XMM-Newton
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Motivation

e The Galactic PeVatron search is one of

t h e key S C i e n C e p rOj e Ct Of g rO u n d b aS e d MGRO J2019+37 (Aliu et al, 201::Choi§ R . 2017)CaSSiopeia A (Abeysekara et al, 2020)
gamma-ray observatories - ® N _ i
« LHAASO unveiled 43 PeVatron —

candidates. 8 out of 43 sources are not
detected in 1-25 TeV energies (“dark
sources”)

Right Ascension
VER J2227+608
(SNR G106.4+2.7 region)
(Acciari et al, 2009)

24 sources are listed as unidentified

* Multi-wavelength observations are
essential to understand the nature of
these exotic sources




What do IACTs add to PeVatron Searches?

Courtesy: Jim Hinton
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HAWC Overview

VERITAS Overview

Array configuration

* Four telescopes each with a diameter of 12m, FOV = 3.5 deg Operating at 4100 m elevation on Sierra Negra, Mexico

* Energy range : 85 GeV to > 30 TeV 300 water Cherenkov detectors, area = 22000 m?

Angular resolution: 0.08 deg @ 1 TeV Sensitive to gamma rays above 1 TeV

1% Crab in < 25 hours Instantaneous field of view = 2 sr, 95% duty cycle
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LHAASO J2108+5157

 Cao et al. 2021 paper
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©C960>25TeV,850>100 TeV 53 5
-2.25
o Spectrum is defined by power-law fit
I'=-2.383%x0.18 ) 2.00
92
© Point like source, extension < 0.26° . 175
@) o \ '
_ o _ ), RX J2107.3+5202
o Spatially coincident with molecular cloud, 4FGL O i 150\
J2108+5155, star clusters 8 > 1.9 ,' '
 Cao et al. 2023 Catalog Paper = 1.25
o Detected in WCDA and KM2A 51.2 1.00
© WCDA, I'=-1.56%0.34, 0.75
O — + 50.5 °
KM2A, 1 297 %0070 319.5 318.4 317.3 316.2  315.2 0-20

o Marginally extended @ 0.14 deg, 0.19 deg in WCDA R.A.(deg)
and KM2A respectively [Image credit: Cao et al. 2021a]




VERITAS Analysis

e VERITAS followed this
source In 2021

* [otal exposure 35 hours

* Both point source
(@ = 0.1°) and extended
source (0 = (0.25°

analysis result in null
detection

Declination
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HAWC Analysis

PRELIMINARY

e 2400 days of data >

e Pass 5 reconstruction
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* Detected @ 7.5 sigma

Declination [ ° ]

e Extended source model Is

preferred (0.21° &+ 0.04°)

e Power-law index = -2.45
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Joint-Fitting of TeV data

 Joint-fitting of
VERITAS+HAWC+LHAASO data

 Exponential cutoff PL fit

O Index Is fixed to a value of
1.7

O Fixing index constraint the
cutoff energy better

o Cutoff energy = 82+/-30 TeV
* VERITAS limits are already

E2 dN/dE [erg cm™2 s71]

constraining the spectral index 10-14

below 1.7
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Fermi-LAT analysis details

* 14.2 yrs of pass 8 data in 0.1 GeV - 1 TeV

e Best-fit model is consistent with the 4FGL-DR3
catalog values

* Detected as point source

o Different from Cao et al. 2021) paper which
claim extended source

o No additional point source with hard spectral
Index is detected as reported by Abe et al. 2023

O Discrepancy is due to optimization of model in
different energy range

* Sharp cutoff around 1 GeV and no detection above
10 GeV

o Unlikely to be associated with LHAASO
J2108+5157

E2dnde (erg/cm2/s)

ot
o
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10-13 A

— 4FGL DR3 catalog
—— 4FGL DR3 obtimized
4+ SED points (this work)
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XMM analysis details

* KM2A r68 (0.285°)

- TN LT WCDA r68 (0.21°)
1 UL extraction region (0.29)

* Total exposure 96 ks, after
filtering net exposure 62 ks

* No significant emission is |
detected ; i periout o

O
1LHAASOP2108+5153u (KM2A)

O

» Spectral analysis

O [ntegration radius 0.2 degree
O UL is calculated in 2-10 keV




Modeling gamma-ray emission

Leptonic Emission

Steady state
electron
population

E2 dN/dE [erg cm™2 s71]

dN .

- |C-Primary (Halo component)
SYN-Primary

Pulsar-like component

¥ XMM-Newton (this work)
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Modeling gamma-ray emission

Hadronic Emission

Parameters Best-fit value Fixed
Spectral Index (I') 2.0 True
E. oz 3 PeV True

B > 20 uG True

nNH 133 cm™® True
Distance 1.6 kpc True

R 100 pc True

Age 25.473%% kyr  False

ekt  Preliminary
orotons '
"'I“_' 10—12 -
: 5
> 1 T ..
g ! A
Ly
2
<
~ 10713-
- :
.
\O
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\
. . . . 10—14 l“ r T | — 1
* Emission originates from escaped CRs accelerated in 10-1° 10-% 10-® 10-4 102 10° 102
SNR (Type ||) Energy [TeV]
» Distance between SNR and MC (RS) =100 pC - Pion (SNR Escaped CRs) Fermi-LAT (this work)

e Density in cloud = 133 cm-3, distance (d) = 1.6 kpc
e O(F) = NO(E/EO)_F, I" = 2 (Injected proton spectrum)

- Bre

-+ SYN-Secondary

¥ XMM-Newton (this work)

¥ VERITAS (this work)
m-Secondary € HAWC (this work)
4 LHAASO (Cao et al. 2021)

Table 2. Parameters of Hadronic Model
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Conclusions

*\We report non-detection of LHAASO J2108+5157 with 35 hours of VERITAS
and 62 ks of XMM

*\We report detection of LHAASO J2108+5157 with 2400 days of HAWC and
14 yrs of LAT (if associated)

-No accelerator has been firmly identified in the vicinity of J2108

-Emission from pulsar halo is plausible based on energy density estimation in
the emission region although no pulsar has been detected in the vicinity

-Nearby molecular cloud potentially indicating hadronic nature of emission

-Hadronic emission explain the TeV data, however Fermi-points below 10
GeV can not be explained under the hadronic model

-New class of “passive” gamma-ray sources”?
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Thank you
Any questions?




 Background slides



Modeling gamma-ray emission

* Emission originates from escaped CRs accelerated in SNR (Type I)
e Distance between SNR and MC (r) = 100 pc
e Density in cloud = 133 cm-3, distance (d) = 1.6 kpc

e O(F) = NO(E/EO)_F (Injected proton spectrum)

_ p2
N,E,R,T) = OE) exp( K )

PRy \ Rag

+ Ry = 2/ DENT — ((E))

E B
. D(E) =y 3 X 1028< )0'5<—>_0'5 cm?s~!, Where y = 0.01
10GeV 3uG

i ~1/2.5
.)((E) = Lepdov ( ) s topdoy, = 1.6kyr

E
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Modeling gamma-ray emission

Leptonic Emission

* Size in deg (radius) = 0.25 (68% radius from LHAASO

measurement)

* For 1 kpc distance, physical size = 4.3 pc
* Total energy in electrons = 3 x 10745 erg
o Energy density = (0.2+/-0.1) eV/cm3
O 0.06 eV/cm3 for 3 kpc distance
o ISM energy density = 0.1 eV/cm3

O Implies that relativistic electrons are not contained in a

region energetically and dynamically dominated by

pulsar

O Implies electrons are outside the PWN region

O Emission is from halo

o UL on magnetic field is consistent with magnetic field

around halos

O Red star on the image lies close to Gaminga and

monogem
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