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LHAASO Sources and VERITAS
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A LHAASO Sources

VERITAS Cygnus Surve;

In 2023, LHAASO released their first complete catalog of the sky containing 32 new TeV sources.
The coincident position of VERITAS with LHAASO allows for a natural overlap with many of these
new LHAASO sources.

The Cygnus survey of VERITAS also has a deep exposure overlaping with this region of interest.
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VERITAS and LHAASO

SV.LIdHA

« Wide FoV, survey instrument (-2
*  Coarse angular resolution (-0.2-0.5) - Good angular resolution (0.08 " at 1 Tev)

«  Wide FoV, survey instrument (~2s «  Pointed Instrument (3.5 ° diameter)

« Coarse angular resolution (~0.2-0.45°)
« ~1-25TeV Energy Range

 Smaller Effective Area (3200 @ 4.5TeV)
« Overlapping with the TeV energy

« 20TeV - 2000 TeV Energy range
« Large Effective Area (~105@ 100 TeV)
« Can determine whether a source

85 GeV- 30 TeV Energy range
Large Effective Area (~105@ 1TeV)
Provides a more detailed view

range but worse angular is a PeVairon candidate and of sources allowing for
resolution and less potential identifies new classes of UHE characterization and
sensitivity sources not bright in Fermi-LAT or association.

&b HAWC.
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Coumma LHAASO & VERITAS | PeVatron Workshop 2025 | Matthew Lundy P e et o Sk i o s LA, 00

UNIVERSITY



VERITAS Observation Types

Targeted Observations Archival Observations

Targeted observations are ones where Archival observations are serendipitous
VIERITAS Fas felken creles eel fne @n 6 observations where a LHAASO source was in

region with LHAASO-detected emission. the FoV of other VERITAS observations.

« Exposure vary widely

« Often in the field of view of bright
gamma-ray sources, requiring
complicated exclusions

« Often highly offset and only partial
coverage of the LHAASO emission

« Can be deeper than many targeted
observations because of decades of
accumulation.

 For KM2A only sources, requires an
extrapolation which is often uncertain and
model dependent.

« Able to determine pointing to target
regions of interest.

 Able to coordinate with other targeted
multiwavelength campaigns.
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VERITAS Targeted Observations 2 T |-
o & ' . ’z zjhl:f\Newton | 3
'6', arget 5
VERITAS has a campaign of targeted follow-up on three = E
LHAASO sources. 2 b
: L x:
These sources were selected based on the brightness S
quoted in the original KM2A detections and many were _3
targeted prior to WCDA upper limits. R —— =
RA (J2000) [deq]
LHAASO J0341+5258 . B
Modestly extended (0.29 + 0.06,q; + 0.0, = wCowuim pmmebens | dhesicodi o
- Parfial spatial coincidence with a molecular cloud T o ok @ BAKC s v
« Non-detection in 50 hours of VERITAS data 7 a0
. Consistent with SNR+MC or PWN model s ‘
Other campaigns have included LHAASO £ I _
J0621+3755, and LHAASO J2108+5157. All have R =
resulted in constraining upper limits. \ /
@ 108 10 10-4 1%_:ergy[Ge\1/£])O 102 104 108
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VERITAS Targeted Observations

1079 ;

-#- KM2A (0.28 deg)
KM2A (0.37 deg)

VERITAS has a campaign ¢
LHAASO sources.

] ’ 1-0- WCDA
—_— & -4~ XMM-Newton |
10 10 -E —4= VERITAS target

10-11
These sources were selecte §

quoted in the original KM2
targeted prior to WCDA uf

1012 -

54°

LHAASO J0341+5258 1077
-  Modestly extended (0.29 + ] S(nsworo T ChandralCaosta 2021
- Partial spatial coincidence 10_14'; e N Gl T
« Non-detection in 50 hours 3

« Consistent with SNR+MC ol 10-15-

102 103 104 10°
. . Energy [GeV]
Other campaigns have inc

WCDA [Cao et al. 2023] LHAASO [Cao et al. 2021] _]
J0621 +3755' and LHAASO . — |IC (CMB) - this work ® HAWC (this work) /

resulted in constraining Up| — pion decay - this work Fermi-LAT - this work
HH  VERITAS (this work)
o

10°
— cuergy[GeV]
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VERITAS Archival Observations

VERITAS has prexisting exposures ranging
from 0.5 to over 300 hours. These cover a
broad range of the subclasses of sources
identified by LHAASO.
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Table 1. VERITAS Archival Observations

Source ID

VERITAS Exposure [h]

Approx. VHE Extension [°]

1LHAASO J0206+4302u
1LHAASO J0212+4254u
ILHAASO J0216+4237u
ILHAASO J0249-+6022
1ILHAASO J0359+5406
ILHAASO J0428+5531*
1ILHAASO J0500-+4454
1LHAASO J1219+2915
ILHAASO J1858+0330
ILHAASO J1902+4-0648
1LHAASO J1906+0712
1LHAASO J1931+1653
1LHAASO J1954+3253
1LHAASO J1959+-2846u
1LHAASO J2002+3244u
1ILHAASO J20274-3657
ILHAASO J202843352
1LHAASO J2229+5927u
1LHAASO J2238+5900

0.5
30.9
1074
153.5
29.4
40.4
1.3
373.8
17.0
39.5
51.0
24.4
17.2

(Al
&
—

11.8
43.9
3.8
124.5
88.0

Point-like
Point-like
Point-like
0.71 (WCDA)
0.22 (WCDA)
1.18 (WCDA)
0.41 (WCDA)
Point-like
0.52 (WCDA)
Point-like
0.21 (WCDA)
Point-like
Point-like
0.29 (KM2A)
Point-like
0.38 (WCDA)
1.7 (KM2A)
1.98 (WCDA)
0.51 (WCDA)
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VERITAS Archival Observations

Table 1. VERITAS Archival Observations

VER'TAS hGS prex|s1'|ng exposures ronglng Source 1D VERITAS Exposure [h] Approx. VHE Extension [°]
from 0.5 to over 300 hours. These cover a e e e
broad range of the subclasses of sources

1LHAASO J0212+4254u 30.9 Point-like

. d fif d by LHAASO ILHAASO J0216+4237u 107.4 Point-like
| en | le y * ILHAASO 024946022 153.5 0.71 (WCDA)
. . . 1LHAASO J0359+5406 29.4 0.22 (WCDA)
13 likely SNR/pulsar association ILHAASO J0125-15531° 118 (WCDA)
1LHAASO J0500+44454 1.3 0.41 (WCDA)
1LHAASO J1219+42915 373.8 Point-like
ILHAASO J1858+0330 17.0 0.52 (WCDA)
1LHAASO J1902+40648 39.5 Point-like
1LHAASO J1906+40712 51.0 0.21 (WCDA)
1LHAASO J1931+1653 24.4 Point-like
1LHAASO J1954+3253 17.2 Point-like
ILHAASO J1959+2846u 55.1 0.29 (KM2A)
1LHAASO J2002+-3244u 11.8 Point-like
1ILHAASO J2027+3657 43.9 0.38 (WCDA)
1LHAASO J2028+3352 3.8 1.7 (KM2A)
1LHAASO J2229+5927u 124.5 1.98 (WCDA)
1LHAASO J2238+5900 88.0 0.51 (WCDA)
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VERITAS Archival Observations

VERITAS has prexisting exposures ranging
from 0.5 to over 300 hours. These cover a
broad range of the subclasses of sources
identified by LHAASO.

13 likely SNR/pulsar association
7 KM2A Only Detected Source

Gl

Table 1. VERITAS Archival Observations

Source ID

VERITAS Exposure [h] Approx. VHE Extension [°]

1LHAASO J0206+4302u
1LHAASO J0212+4254u
1LHAASO J0216+4237u
ILHAASO J0249-+6022
1LHAASO J0359+4-5406
ILHAASO J0428+5531*
ILHAASO J0500+4454
1LHAASO J1219+2915
ILHAASO J1858+40330
1LHAASO J1902+40648
1LHAASO J1906+0712
1LHAASO J1931+1653
1LHAASO J1954+3253
1LHAASO J1959-2846u
1LHAASO J2002+3244u
1ILHAASO J2027+3657
1ILHAASO J2028+3352
1LHAASO J2229+-5927u
1LHAASO J2238+5900

0.5
30.9
1074

Point-like
Point-like
Point-like
0.71 (WCDA)
0.22 (WCDA)
1.18 (WCDA)
0.41 (WCDA)
Point-like
0.52 (WCDA)
Point-like
0.21 (WCDA)
Point-like
Point-like
0.29 (KM2A)
Point-like
0.38 (WCDA)
1.7 (KM2A)
1.98 (WCDA)
0.51 (WCDA)

SOLUMBIA T HAASO & VERITAS | PeVatron Workshop 2025 | Matthew Lundy



VERITAS Archival Observations

VERITAS has prexisting exposures ranging
from 0.5 to over 300 hours. These cover a
broad range of the subclasses of sources
identified by LHAASO.

13 likely SNR/pulsar association
/ KM2A Only Detected Source

5 Dark Sources (no MWL/only
4FGL counterparts)

Gl
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Table 1. VERITAS Archival Observations

Source ID

VERITAS Exposure [h] Approx. VHE Extension [°]

1LHAASO J0206+4302u
1LHAASO J0212+4254u
ILHAASO J0216+4237u
ILHAASO J0249-+6022
1ILHAASO J0359+5406
ILHAASO J0428+5531*
1ILHAASO J0500-+4454
1LHAASO J12194-2915
1ILHAASO J1858+0330
ILHAASO J1902+0648
1ILHAASO J1906+40712
1LHAASO J1931+1653
1LHAASO J1954+3253
1LHAASO J1959-2846u
1LHAASO J2002+3244u
ILHAASO J2027+3657
ILHAASO J202843352
1LHAASO J2229+5927u
1LHAASO J2238+5900

0.5
30.9
1074
153.5
29.4
10.4
1.3
373.8
17.0
39.5
51.0
24.4

43.9

124.5
88.0

Point-like
Point-like
Point-like
0.71 (WCDA)
0.22 (WCDA)
1.18 (WCDA)
0.41 (WCDA)
Point-like
0.52 (WCDA)
Point-like
0.21 (WCDA)
Point-like
Point-like
0.29 (KM2A)
Point-like
0.38 (WCDA)
1.7 (KM2A)
1.98 (WCDA)
0.51 (WCDA)
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VERITAS Archival Observations

Table 1. VERITAS Archival Observations

VERITAS has prexisting exposures ranging
from 0.5 to over 300 hours. These cover a
broad range of the subclasses of sources
identified by LHAASO.

13 likely SNR/pulsar association
/ KM2A Only Detected Source

5 Dark Sources (ho MWL/only
4FGL counterparts)

1 Extragalactic Source

Gl

Source ID

VERITAS Exposure [h] Approx. VHE Extension [°]

1LHAASO J0206+4302u
1LHAASO J0212+4254u
ILHAASO J0216+4237u
ILHAASO J0249-+6022
1ILHAASO J0359+5406
ILHAASO J0428+5531*
1ILHAASO J0500-+4454
1LHAASO J1219+4-2915
1ILHAASO J1858+0330
ILHAASO J1902+4-0648
1ILHAASO J1906+40712
1LHAASO J1931+1653
1LHAASO J1954+3253
1LHAASO J1959-2846u
1LHAASO J2002+3244u
1ILHAASO J20274-3657
ILHAASO J202843352
1LHAASO J2229+5927u
1LHAASO J2238+5900

0.5
30.9
1074
153.5
29.4
40.4
1.3
373.8
17.0
39.5
51.0
24.4
17.2
55.1
11.8
43.9
3.8
1245
88.0

Point-like
Point-like
Point-like
0.71 (WCDA)
0.22 (WCDA)
1.18 (WCDA)
0.41 (WCDA)
Point-like
0.52 (WCDA)
Point-like
0.21 (WCDA)
Point-like
Point-like
0.29 (KM2A)
Point-like
0.38 (WCDA)
1.7 (KM2A)
1.98 (WCDA)
0.51 (WCDA)
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VERITAS Archival Observations

Table 1. VERITAS Archival Observations

VERITAS has prexisting exposures ranging
from 0.5 to over 300 hours. These cover a
broad range of the subclasses of sources
identified by LHAASO.

13 likely SNR/pulsar association
/ KM2A Only Detected Source

5 Dark Sources (ho MWL/only
4FGL counterparts)

1 Extragalactic Source

3 Very Extended Source

Gl

Source ID

VERITAS Exposure [h] Approx. VHE Extension [°]

1LHAASO J0206+4302u
1LHAASO J0212+4254u
ILHAASO J0216+4237u
ILHAASO J0249-+6022
1ILHAASO J0359+5406
ILHAASO J0428+5531*
1ILHAASO J0500-+4454
1LHAASO J12194-2915
1ILHAASO J1858+0330
ILHAASO J1902+4-0648
1LHAASO J1906+0712
1LHAASO J1931+1653
1LHAASO J1954+3253
1LHAASO J1959+2846u
1LHAASO J2002+3244u
1ILHAASO J20274-3657
1ILHAASO J2028+43352
1LHAASO J2229+-5927u
1LHAASO J2238+5900

0.5
30.9
1074
153.5
29.4
40.4
1.3
373.8
17.0
39.5
51.0
24.4
17.2
55.1
11.8
43.9
3.8
124.5
88.0

Point-like
Point-like
Point-like
0.71 (WCDA)
0.22 (WCDA)
1.18 (WCDA)
0.41 (WCDA)
Point-like
0.52 (WCDA)
Point-like
0.21 (WCDA)
Point-like
Point-like
0.29 (KM2A)
Point-like
0.38 (WCDA)
1.7 (KM2A)
1.98 (WCDA)
0.51 (WCDA)
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LHAASO Sources and VERITAS
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There is often a large spectral break between the reported WCDA and w10
. . . . . . | .
KM2A, meaning it is difficult to predict one spectrum from the other for o
. . . . . o
single-detector sources. This leads to dramatic overestimation of the flux  Z
. . . ol
of these sources at VHE. Constraing the true spectral shape is something =,

IACTs can do even in the case of non-detections. This break is likely
due, in some cases, to unreported curvature in the spectrum.
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$ WCDA
$ KM2A

L1l

L1 11l

pil

il Ll
ILHAASO J0534+3533
WCDA
KM2A
We do see spectral turnover < 25 TeV in several of
the ILHAASO sources!
l' T T ll]]lll T T lllllll
10° 10 102
Energy [TeV]
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ILHAASO J1906+0712

1ILHAASO J1902+0648 =

ILHAASO J1908+0615u

LHAASO Source

“TLHAASO J1902+0648 is a point-like source with a
significance of TS = 46.2 only detected by WCDA. The
unidentified GeV source 4FGL J1902.5+0654 is 0.12¢
from this TLHAASO source.”

(LHAASO, 2023)

Declination

Only detected by WCDA, meaning that it is likely Right Ascension
not a “PeVatron”. T s
. ekl s Al
Fermi Source
4FGL J1902+0654 has no firm identification and is only been T -

classified by automated machine learning tools (Only ~8

references including the 3FGL, 4FGL, and LHAASO). :7 | +*++ +++
Automated classifier will often have difficulty and -
categorize this source as “OTHER". o
@ 10-14 : r r - -
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1LHAASO J1902+0648

VERITAS Study

With current soft “point-like” analysis at the best-fit
LHAASO source location we find no evidence of
signficant emission (-0.52 o) after 42 hours of
observations.

Potential Associations

VERITAS is currently investigating the broader LHAASO
error region for potential counterparts. We have two
possible candidates from MeerKAT:

*A potential SNR
*A star-forming region

There is a significant offset between the emission in the
Fermi-LAT band and the LHAASO emission. Is this
systematice
This is one more example of an unclear relationship

Qb between Fermi->IACT->LHAASO

COLUMBIA
UNIVERSITY

Dedlinatfon (J2000)

MeerKAT contours

|
: = =
- "}-:’ 2, x  ILHAASO J1902+0648

a® 3 AL
7°15' - o q X 4FGL J1902.5+0654
b o R S ] g B
e o3 < -
b1 ®
* a o ‘ o
a o —“’\~\ o e @
Oh\ o
o R . o
o’ \\ ] d %‘o .
° ]
% ° o
B o \\
K o\
\
° \
" 4 \ .
.’ \l
3 lo °
® e ol R ¥
1 ! .
o e &
go I
o h
° !
° & L
° I,
b
o o
|
19hl03 m 021 m 0 1' m

Right Ascension (J2000)

LHAASO & VERITAS | PeVatron Workshop 2025 | Matthew Lundy

(0) 2ouedyIUTIg

15



Conclusions

IACT follow-up is the natural step forward to advancing our
knowledge of the VHE/UHE sky. The ability to target sources
and resolve ambiguities will only come from a detailed study
of these sources.

This is also one of the first times that the current generation of

IACTs all can utilize the same software package (gammapy).

There may be room for collaboration with sources where
multiple IACTs have deep exposures.

VERITAS will continue to provide key insights on these sources
and a large release of our current archival results is being

prepared.

CTAQO will rely on the current generation when considering
and selecting targets during its early years of operation.

New/novel techniques that are applicable to all IACTs are
being developed at VERITAS including the recent low-rank
pertubation method (see talk by Ruo Yu Shang).

o

LHAASO J2108+5157
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Preliminary, PeVatron 2025
10_14 T T T T T T T T
107! 10° 10t 107 103
Energy [TeV]
— ECPL LST (Abe et al. 2023)

LHAASO-WCDA (Cao et al. 2023) ® HAWC (this work)
LHAASO-KM2A (Cao et al. 2023) ¢ LHAASO-KM2A (Cao et al. 2021)

d VERITAS (this work)

16

SOUMELA | HAASO & VERITAS | PeVatron Workshop 2025 | Matthew Lundy

UNIVERSITY



Questions & Discussion

Contact: mwl2145@columbia.edu
Acknowledgements: hitps://verilas.sao.arizona.edu/

o

SOUMEIA | HAASO & VERITAS | PeVatron Workshop 2025 | Matthew Lundy


mailto:mwl2145@columbia.edu
https://veritas.sao.arizona.edu/

	Slide 1: VERITAS Observations of New LHAASO Sources
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17

