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Geminga is a radio-quiet pulsar 250 parsecs from Earth that was first discovered as a GeV
gamma-ray source and then identified as a pulsar. Milagro observed an extended TeV source
spatially consistent with Geminga. HAWC observes a similarly extended source. Observations of
Geminga’s flux and extension will be presented.
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1. Introduction

Geminga is an important high energy source. It is one of the closest known middle aged pul-
sars [1] at approximately 250 pc [2]. It was discovered in γ-rays with the SAS-2 experiment [3]
before being observed in other wavelengths. Pulsations were first observed in X-rays [4] with
ROSAT and later EGRET [5] but have not been observed in the TeV range [6, 7, 8]. X-ray Mul-
timirror Mission-Newton observations show a pulsar wind around Geminga with an extent of a
few arc minutes [9]. Observations of TeV emission associated with Geminga would bolster the
interpretation that Geminga is a nearby cosmic-ray accelerator [10, 11, 12] which could possibly
explain the observed positron excess [13, 14, 15].

Milagro reported Geminga as a possible TeV source in 2007 [16] with a significance of 5.1σ

before trials but below discovery threshold after trials. In 2009 Milagro made a “definitive detec-
tion” of a region of extended (2.6+0.7

−0.9)
◦

emission spatially consistent with Geminga [17] with a
significance of 6.3σ . This would imply a region of emission approximately 6 to 12 pc in extent.
The Tibet Air shower array reported an excess of 2.2σ at the location of the pulsar but did not
report extended emission [18].

Imaging Atmospheric Cherenkov Telescopes (IACTs) have observed Geminga without signif-
icant detection [6, 19, 7] for over two decades. An extended, hard TeV source is extremely difficult
to observe with the IACT technique. Milagro’s observation implies an extended, hard spectrum
source.

HAWC was inaugurated on March 20th, 2015 with over 250 Water Cherenkov Detectors
(WCDs) and a predicted point source sensitivity of 10 times that of its predecessor Milagro. The
water Cherenkov technique allows HAWC to have a nearly 100% duty cycle and large field of view,
making the HAWC observatory an ideal instrument for the study of transient phenomena and able
to see large scale diffuse features in the TeV sky. In this proceeding we describe the analysis of
gamma rays TeV from the Geminga remnant using the 250-tank configuration of the HAWC array,
hereafter referred to as HAWC-250.

2. Results

In this paper we present HAWC’s preliminary results showing an extended region of emission
consistent with that observed with Milagro. HAWC-250, where the number of operating water
Cherenkov detectors ranged from 247 to 293, data were used for this analysis. Data taken from
November 26th 2014 to May 6th 2015 totaling to a live-time of 149 days1. These data result in
a ∼ 38σ detection of the Crab [20]. Milagro, for comparison, reported ∼ 17σ on the Crab in the
same data set used for their Geminga analysis [17].

HAWC gains much of its sensitivity improvement over Milagro from its improved point spread
function [20]. Extended objects do not benefit as much from this improvement as their flux is
spread over a larger solid angle. HAWC’s low energy sensitivity is also greatly improved. At high
energies, HAWC and Milagro have similar effective areas. Thus, hard spectrum, extended sources
do not benefit from the improved low energy sensitivity of HAWC.

1See [20] for more details on this data set.

2



P
o
S
(
I
C
R
C
2
0
1
5
)
7
1
9

TeV Gamma-Ray Emission Observed from Geminga with HAWC J. Wood

98103
α [ ◦ ]

17

22

δ 
[◦

]

Milagro Geminga  point-source smoothing

0 1 2 3 4 5 6
Significance

(a) Milagro

98103
α [ ◦ ]

17

22

δ 
[◦

]

Hawc-250 Geminga  point-source smoothing

0 1 2 3 4 5 6
significance [σ]

(b) HAWC

Figure 1: The significance for a 10◦x10◦ region around Fermi source J0634.0+1745, the Geminga pulsar. HAWC’s
energy threshold is significantly lower than that of Milagro’s for these data.
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Figure 2: The significance after smoothed by an additional 1◦ Gaussian of a 10◦x10◦ region around Fermi source
J0634.0+1745, the Geminga pulsar. HAWC’s energy threshold is significantly lower than that of Milagro’s for these
data.
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The region around Geminga can be seen for both HAWC and Milagro optimized for point
source detections2 in Fig. 1, while Fig. 2 shows the same data with an additional 1◦ smearing to
highlight extended sources.

HAWC has exceeded the integrated point-source sensitivity of its predecessor, Milagro, by
over a factor of two in just 149 days of live-time and confirms Milagro’s observation of an extended
TeV source spatially coincident with the Geminga pulsar. It will continue to update the community
on this extremely interesting source over its lifetime.
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[5] D. L. Bertsch et al., Pulsed high-energy Îş-radiation from Geminga (1E0630+178), Nature 357 (May,
1992) 306–307.

[6] C. C. G. Bowden, S. M. Bradbury, P. M. Chadwick, J. E. Dickinson, N. A. Dipper, T. J. L. McComb,
K. J. Orford, and S. M. Rayner, and K. E. Turver, TeV gamma rays from Geminga, Journal of Physics
G: Nuclear and Particle Physics 19 (Feb., 1993) L29+.

[7] B. B. Singh et al., Search for TeV gamma-rays from Geminga pulsar, Astroparticle Physics 32 (Sept.,
2009) 120–128.

[8] E. Aliu et al., A Search for Pulsations from Geminga above 100 GeV with VERITAS, The
Astrophysical Journal 800 (Feb., 2015) 61+.

[9] P. A. Caraveo, G. F. Bignami, A. DeLuca, S. Mereghetti, A. Pellizzoni, R. Mignani, and A. Tur, and
W. Becker, Geminga’s Tails: A Pulsar Bow Shock Probing the Interstellar Medium, Science 301
(Sept., 2003) 1345–1347.

2Descriptions of HAWC’s and Milagro’s point source analyses can be found in [20] and [17] respectively.

4



P
o
S
(
I
C
R
C
2
0
1
5
)
7
1
9

TeV Gamma-Ray Emission Observed from Geminga with HAWC J. Wood

[10] I. Büsching, O. C. de Jager, and M. S. Potgieter, and C. Venter, A Cosmic-Ray Positron Anisotropy
due to Two Middle-Aged, Nearby Pulsars?, The Astrophysical Journal Letters (May, 2008) L39+.

[11] D. Hooper, and P. Blasi, and P. D. Serpico, Pulsars as the sources of high energy cosmic ray positrons,
Journal of Cosmology and Astroparticle Physics 2009 (Jan., 2009) 025+.

[12] S. Profumo, Dissecting cosmic-ray electron-positron data with Occam’s Razor: the role of known
Pulsars, Open Physics 10 (Apr., 2009) 1–31, [arXiv:0812.4457].

[13] O. Adriani et al., Observation of an Anomalous Positron Abundance in the Cosmic Radiation, Nature
458 (Apr., 2009) 607–609, [arXiv:0810.4995].

[14] M. Aguilar et al., First Result from the Alpha Magnetic Spectrometer on the International Space
Station: Precision Measurement of the Positron Fraction in Primary Cosmic Rays of 0.5-350 GeV,
Physical Review Letters 110 (Apr., 2013).

[15] H. Yüksel, and M. D. Kistler, and T. Stanev, TeV Gamma Rays from Geminga and the Origin of the
GeV Positron Excess, Physical Review Letters 103 (July, 2009).

[16] A. A. Abdo et al., TeV Gamma-Ray Sources from a Survey of the Galactic Plane with Milagro, The
Astrophysical Journal 664 (May, 2007) L91–L94, [arXiv:0705.0707].

[17] A. A. Abdo et al., Milagro Observations of Multi-TeV Emission from Galactic Sources in the Fermi
Bright Source List, The Astrophysical Journal 700 (Aug., 2009) L127–L131, [arXiv:0904.1018].

[18] M. Amenomori et al., Observation of TeV Gamma Rays from the Fermi Bright Galactic Sources with
the Tibet Air Shower Array, The Astrophysical Journal Letters 709 (Jan., 2010) L6+.

[19] G. Maier and V. Collaboration, Observation of Galactic Gamma-ray Sources with VERITAS, .

[20] HAWC Collaboration, F. Salesa Greus, Observations of the Crab Nebula with Early HAWC Data, in
Proc. 34th ICRC, (The Hague, The Netherlands), August, 2015.

5

http://arxiv.org/abs/0812.4457
http://arxiv.org/abs/0810.4995
http://arxiv.org/abs/0705.0707
http://arxiv.org/abs/0904.1018

