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 Galactic Cosmic Ray Accelerators

ν
π± 

• The search for Galactic cosmic neutrino 
sources concentrates on the search for 
“Pevatrons” which have the required 
energetics to produce cosmic rays up to the 
knee in the spectrum. 

• Pevatrons will produce pionic gamma rays 
whose spectrum extends to several hundred 
TeV without cut off. 

• Supernova remnant meet such condition. 

• TeV gamma rays should be accompanied by 
TeV neutrinos, observable at IceCube.
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• 6 Sources were identified in the initial 
map of Milagro. The idea was to look 
for supernova remnants in star forming 
regions. 

• MGRO J1908+06, MGRO 2019+37, 
and MGRO J2031+41 were significant 
(The most significant after Crab) 

• MGRO J2043+36 (C1) and MGRO 
J2032+37 (C2): Candidate sources 

• MGRO J1852: below threshold

Halzen, Kappes, & O’Murchadha, 2008 
Gonzalez-Garcia, Halzen & Mohapatra 2009 
Halzen, Kheirandish, & Niro, 2016



• Studies based on hard spectra reported from 
Milagro claimed that IceCube should observe 
them after 5 years of run. 

Halzen, Kappes, & O’Murchadha, 2008 
Gonzalez-Garcia, Halzen & Mohapatra 2009

• Updated flux measurements from Milagro and 
ARGO-YBJ reported cut-off at low energies. 

• Only MGRO J1908+06 observation seemed 
likely.
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Fig. 4. Statistical significance at which a source could be detected as a function
of time. For each source, we considered different values of αγ . The green dashed,
solid green and red dashed lines refer to the values of Ecut,γ as reported in Table 2,
from smallest to biggest values. The observed spectra are obtained as the median
of random generated values around the signal plus background.

The results for the statistical significance are reported in Fig. 4. From the
figure we read that the sources MGRO J2019+37 and MGRO J2031+41 will
be difficul to detect at 3σ level in less than 10 years, considering the parameters
αγ and Ecut,γ, as reported in Table 2. The source MGRO J1908+06, instead,
could be detected at 3σ in roughly 7 year for αγ = 1.9 and Ecut,γ = 45 TeV
and in 9 years for αγ = 2.1. Recently, the authors of Ref. [27] found that the
IceCube detector would be able to detect the sources MGRO J2019+37 and
MGRO J2031+41 of the Cygnus region only after 20 years of exposure. This
is consistent with the results of our study. Moreover, a recent analysis done
by the IceCube collaboration, with 3 years data, has revealed no detection for
the sources MGRO J2019+37 and MGRO J1908+06 [44]. This is consistent
with our findings, since in 3 years, it is not possible to discovery these sources
at 3σ level, see Fig. 4.
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Neutrino spectra for all sources

Early predictions for IceCube

4yearsGonzalez-Garcia, Halzen & Niro 2013
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5

IceCube Searches

Stacked Searches:

Point source searches:  
MGRO 2019+37 and MGRO J1908+06 are in IceCube’s source list. Upper limits reported.

Detector p-value (%)

AMANDA-II 20

IC40 32

IC40+59+79 20

IC40+59+79+86-I 2

IceCube Collaboration, Phys.Rev. D79 (2009) 062001, Astrophys.J. 732 (2011) 18, Astrophys.J. 779 (2013) 132, & Astrophys.J. 796 (2014) no.2, 109



Prospects for observation in IceCube

• Confirmation of MGRO J1852+01 in HAWC.

• Observation of MGRO J1908+06 flux and extension in H.E.S.S

In light of:

• Observation of MGRO J12031+41 flux and extension in ARGO-YBJ & Fermi

• Observation of MGRO J12019+37 flux and extension in VERITAS

We updated the neutrino spectrum as single power-law with cut-off  where the flux 
normalization and cut-off are related to new gamma ray flux measurements.
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Neutrinos from MGRO J1908+06
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•  High-energy gamma ray source Observed in different experiments 
• Unidentified extended source: discrepancy in measurements 
• Expected to be observed in less than 10 years of IceCube operation
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Neutrinos from MGRO J1908+06

F. Halzen, AK, V. Niro, Astropart.Phys. 86 (2016) 46-56 8
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•  High-energy gamma ray source Observed in different experiments 
• Unidentified extended source: discrepancy in measurements 
• Non-observation : Constraining the spectrum parameter space



HAWC 2HWC Catalog (17 Month)
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HAWC Coll. 2017
Galactic

Crab

Gaminga

Markarian 501

Markarian 421



IceCube⊕HAWC

๏ Joint analysis between IceCube and HAWC collaborations using 17 month 
observation of HAWC and 7 years of IceCube. 

๏ Looking for 
• Correlation study for selected sources in 2HWC 
• Correlation to the Galactic emission 
• Correlation to Cygnus region and other interesting regions in the Galaxy
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AK, R. Hussain, & J. Wood
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Special Regions Search

The List

1. HAWC galactic plane template 

2. Stacked point source analysis using all identified HAWC 
sources minus sources associated with PWN 

3. Special regions:

Cygnus Region MGRO J1857 & J1852

MGRO J2031+041

MGRO J2019+037

11

406080 Galactic Longitude [deg]

• Starforming region with a high level of gamma 
ray activity and young stars 

• Very high-energy diffuse gamma ray emission 
claimed by Milagro 

• Gamma ray emission from the cocoon 
• Large uncertainties regarding the resolved 

sources and their extension

AK, R. Hussain, & J. Wood



Special Regions Search

12

406080 Galactic Longitude [deg]16

Figure 9. Same as Figure 8, farther along the Galactic Plane.

MGRO J1908+06

MGRO J1852+01

• Regions containing previously identified 
sources with spectra consistent with 
PeVatron scenarios 

• Located at the best place for IceCube 
(near horizon) 

• Gamma ray emission nature not well 
understood

AK, R. Hussain, & J. Wood

HAWC



Special Regions Search
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406080Galactic Longitude [deg]

• Regions containing previously identified 
sources with spectra consistent with 
PeVatron scenarios 

• Located at the best place for IceCube 
(near horizon) 

• Gamma ray emission nature not well 
understood

AK, R. Hussain, & J. Wood

K. Malone | Cosmic Rays, Pulsars, and Dark Matter | March 2017

MGRO J1908+06

31

• Unidentified 

• Possible PWN, but larger than 
other PWN of  similar age and 
spectrum does not soften with 
distance from pulsar 

• Pulsar wind may be interacting 
with molecular clouds, SNR, or 
some emission from an 
undetected second pulsar 

K. Malone, HAWC

MGRO J1908+06 at E>50 TeV

HAWC



Summary
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• The prospects of identifying Galactic sources of cosmic neutrinos are highly entangled 
with the discrepancy in gamma ray flux measurements. 

• The discrepancy may come from different resolution of IACT experiments and Milagro. 

• Any evidence of astrophysical neutrinos from any of Galactic sources will provide valuable 
information about the nature and spectrum of the sources. 

• Considering fluxes measured, MGRO J1908+06 observation is likely in less than10 years 
of IceCube. 

• IceCube’s current study of the high-energy gamma ray emission from HAWC will help in 
identifying Galactic sources of cosmic neutrinos.



Back up Slides



HAWC 1st Year Catalog

Preliminary

16
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Figure 3. Left : Sensitivity of the point source search for three spectral hypotheses, as a function of declination. We show
the flux required to give a central expectation of 5�, for the present analysis. The di↵erential fluxes of the sources detected in
the point source search are also shown with their statistical uncertainties. Right : Upper and lower ends of the energy range
contributing to the central 3 quarters of the test statistic of the point source search, see text.

Figure 4. Equatorial full-sky TS map, for a point source hypothesis with a spectral index of �2.7.

following columns compile the source positions in equa-
torial (J2000.0 epoch) and Galactic coordinates and the
one-sigma uncertainty on the position of the maximum
identified in the respective search. The second part of
the table, after the vertical line, provides information
on the nearest TeVCat source: the distance, then the
corresponding name if this distance is less than 1�.
Table 3 lists the di↵erential photon flux at 7TeV (F

7

)
and the spectral index of the power law that fit the

source identified in HAWC data best. For all sources
we report the flux estimated with the source model cor-
responding to the search in which the source was found.
For the sources for which an additional source size hy-
pothesis was defined, as detailed in Section 3.7, the sec-
ond flux measurement is also reported.
The results of Table 3 are illustrated in Figure 10. For

fluxes F
7

> 3 ⇥ 10�14 TeV�1 cm�2 s�1 all sources have
previously been detected using other instruments, but

arXiv:1702.02992v1
Equatorial

https://arxiv.org/abs/1702.02992v1


HAWC:

11

Figure 9. Same as Figure 8, further along the Galactic Plane.

10

Figure 8. Parts of the inner Galactic Plane region, in Galactic coordinates. TS map for a point source hypothesis with a
spectral index of -2.7. The green contour lines indicate values of

p
TS of 15, 16, 17, etc.

HAWC, Gamma2016 Conference

Preliminary

Preliminary

17
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IceCube Point Source Search Sensitivity
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K. Malone | APS April 2017

HAWC has sensitivity at the highest energies

9

Galactic plane for log(E/GeV) > 4.75

MGRO  
1908+06

HESS 
1808-204

HESS 
1825-137

HESS 
1843-033

MGRO 
2019+371

MGRO  
1908+06

HESS 
1825-137

HESS 
1808-204

HESS 
1843-033

MGRO 
2019+371

Point 
source 
search

1 deg. 
extended 
source 
search

K. Malone, April APS meeting 2017

K. Malone | APS April 2017

HAWC has sensitivity at the highest energies

9

Galactic plane for log(E/GeV) > 4.75

MGRO  
1908+06

HESS 
1808-204

HESS 
1825-137

HESS 
1843-033

MGRO 
2019+371

MGRO  
1908+06

HESS 
1825-137

HESS 
1808-204

HESS 
1843-033

MGRO 
2019+371

Point 
source 
search

1 deg. 
extended 
source 
search

Galactic Plane at E> 50 TeV in HAWC

incompatible with the low-energy 
cut-off reported by Milagro+ARGO
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MGRO J1852+01
Milagro: This source fell below the 
threshold for Milagro. A relatively high flux 
was reported for a region of 3x3 deg. 

HAWC: The source is observed in HAWC 
2nd catalog of TeV sources. The flux and 
extension estimation needs further studies.
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22 Francis Halzen

Fig. 8. Simulated sky map of IceCube in Galactic coordinates after five years of oper-
ation of the completed detector. Two Milagro sources are visible with four events for
MGRO J1852+01 and three events for MGRO J1908+06 with energy in excess of 40TeV.
These, as well as the background events, have been randomly distributed according to
the resolution of the detector and the size of the sources.

ray acceleration at the 3� level in less than one year and at the 5� level
in three years.51 We here assume that the source extends to 300TeV, or
10% of the energy of the cosmic rays near the knee in the spectrum. These
results agree with previous estimates.57 There are intrinsic ambiguities in
this estimate of an astrophysical nature that may reduce or extend the time
required for a 5� observation.51 In particular, the poorly known extended
nature of some of the Milagro sources represents a challenge for IceCube
analyses that are optimized for point sources. The absence of any observa-
tion of TeV-energy supernova neutrinos by IceCube within a period of 10
years challenges the concept that these sources are cosmic-ray accelerators.

3.3. Generic Fireballs

Whereas we have confidence that the electromagnetic radiation in some
Galactic sources is produced by the decay of neutral pions, there is no
straightforward gamma-ray path to the neutrino flux expected from extra-
galactic cosmic-ray accelerators. We presented model calculations to show
that AGNs can plausibly accommodate the cosmic neutrino flux observed,
assuming that they accelerate protons at the level of the sources of the ex-

Simulated sky map of IceCube in 
galactic coordinates
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Neutrinos from MGRO J1852+01 
Milagro flux
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Neutrinos from MGRO J2019+37 
VERITAS flux
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Non-Observation Constrains on Spectrum
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Stacked Analysis
• Stacked point source analysis with identified 

2HWC 

• Sources identified as pulsar wind nebula 
(PWN) are removed from the list: remaining 
Shells, Molecular clouds, Supernova remnants, 
and Unidentified sources, plus sources 
observed in HAWC for the first time 

• Flux of the sources are used to do a weighted 
stacking: 

-- refitting the sources spectrum as 
power-law with a energy cut-off at 
300 TeV 

25
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Table 2. 2HWC source list and nearest TeVCat sources. The sources with a * symbol correspond to sources
that are not separated from their neighbor by a large TS gap, as defined in section 3.5.

Nearest TeVCat source

Name Search TS RA Dec l b 1� stat. unc. Dist. Name

[�] [�] [�] [�] [�] [�]

2HWC J0534+220 PS 1.1E+4 83.63 22.02 184.55 -5.78 0.06 0.01 Crab

2HWC J0631+169 PS 29.6 98.00 17.00 195.61 3.51 0.11 0.39 Geminga

2HWC J0635+180 PS 27.4 98.83 18.05 195.04 4.70 0.13 0.97 Geminga

2HWC J0700+143 1.0� 29 105.12 14.32 201.10 8.44 0.80 2.98 -

2HWC J0819+157 0.5� 30.7 124.98 15.79 208.00 26.52 0.17 7.86 -

2HWC J1040+308 0.5� 26.3 160.22 30.87 197.59 61.31 0.22 8.77 -

2HWC J1104+381 PS 1.15E+3 166.11 38.16 179.95 65.05 0.06 0.04 Markarian 421

2HWC J1309-054 PS 25.3 197.31 -5.49 311.11 57.10 0.22 3.27 -

2HWC J1653+397 PS 556 253.48 39.79 63.64 38.85 0.07 0.03 Markarian 501

2HWC J1809-190 PS 85.5 272.46 -19.04 11.33 0.18 0.17 0.31 HESS J1809-193

2HWC J1812-126 PS 26.8 273.21 -12.64 17.29 2.63 0.19 0.14 HESS J1813-126

2HWC J1814-173 PS 141 273.52 -17.31 13.33 0.13 0.18 0.54 HESS J1813-178

2HWC J1819-150* PS 62.9 274.83 -15.06 15.91 0.09 0.16 0.51 SNR G015.4+00.1

2HWC J1825-134 PS 767 276.46 -13.40 18.12 -0.53 0.09 0.39 HESS J1826-130

2HWC J1829+070 PS 25.3 277.34 7.03 36.72 8.09 0.10 8.12 -

2HWC J1831-098 PS 107 277.87 -9.90 21.86 -0.12 0.17 0.01 HESS J1831-098

2HWC J1837-065 PS 549 279.36 -6.58 25.48 0.10 0.06 0.37 HESS J1837-069

2HWC J1844-032 PS 309 281.07 -3.25 29.23 0.11 0.10 0.18 HESS J1844-030

2HWC J1847-018 PS 132 281.95 -1.83 30.89 -0.03 0.11 0.17 HESS J1848-018

2HWC J1849+001 PS 134 282.39 0.11 32.82 0.47 0.10 0.16 IGR J18490-0000

2HWC J1852+013* PS 71.4 283.01 1.38 34.23 0.50 0.13 1.37 -

2HWC J1857+027 PS 303 284.33 2.80 36.09 -0.03 0.06 0.14 HESS J1857+026

2HWC J1902+048* PS 31.7 285.51 4.86 38.46 -0.14 0.18 2.03 -

2HWC J1907+084* PS 33.1 286.79 8.50 42.28 0.41 0.27 1.15 -

2HWC J1908+063 PS 367 287.05 6.39 40.53 -0.80 0.06 0.14 MGRO J1908+06

2HWC J1912+099 PS 83.2 288.11 9.93 44.15 -0.08 0.10 0.24 HESS J1912+101

2HWC J1914+117* PS 33 288.68 11.72 46.00 0.25 0.13 1.64 -

2HWC J1921+131 PS 30.1 290.30 13.13 47.99 -0.50 0.12 1.14 -

2HWC J1922+140 PS 49 290.70 14.09 49.01 -0.38 0.11 0.10 W 51

2HWC J1928+177 PS 65.7 292.15 17.78 52.92 0.14 0.07 1.18 -

2HWC J1930+188 PS 51.8 292.63 18.84 54.07 0.24 0.12 0.03 SNR G054.1+00.3

2HWC J1938+238 PS 30.5 294.74 23.81 59.37 0.94 0.13 2.75 -

2HWC J1949+244 1.0� 34.9 297.42 24.46 61.16 -0.85 0.71 3.43 -

2HWC J1953+294 PS 30.1 298.26 29.48 65.86 1.07 0.24 8.44 -

2HWC J1955+285 PS 25.4 298.83 28.59 65.35 0.18 0.14 7.73 -

2HWC J2006+341 PS 36.9 301.55 34.18 71.33 1.16 0.13 3.61 -

2HWC J2019+367 PS 390 304.94 36.80 75.02 0.30 0.09 0.07 VER J2019+368

2HWC J2020+403 PS 59.7 305.16 40.37 78.07 2.19 0.11 0.40 VER J2019+407

2HWC J2024+417* PS 28.4 306.04 41.76 79.59 2.43 0.20 0.97 MGRO J2031+41

2HWC J2031+415 PS 209 307.93 41.51 80.21 1.14 0.09 0.08 TeV J2032+4130
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Significance

• Stacked Search using the observed gamma ray template by HAWC 

• Using the observed TS as the weight 

• Using Skylab and platform provided by Zach Griffiths.



Modeling the flux
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FIG. 4. Source map of Cygnus X: GIEM at 1 GeV overlaid
with locations of point sources from the 3FGL (UnID - blue
square, PSR - yellow cross, SNR - red circle), extended GeV
emission (green circle), extended TeV emission (cyan circle),
and Cygnus OB2 (white, dashed circle). The regions with ex-
tended emission have been fitted with Gaussian sources with
free locations and widths (by their respective collaborations).
The best fitting coordinates and areas are shown for ARGO
J2031+4157 [26], 2HWC J2031+415 [47], TeV J2032+4130
(HEGRA) [7], Cygnus Cocoon [6], and MGRO J2031+41 [48].

radius, equivalent to a box of 5� ⇥ 5�. For the HAWC
observations [47], we scaled the data point to a region
covering 2� in radius as their data originally covered a
region of only 0.7� in radius.

Combining the �-ray spectrum for the Cocoon, extrap-
olated to TeV energies, with our modeled di↵use emis-
sion and the �-ray spectra for point sources in the region
gives a total �-ray spectrum that is in agreement with
both the GeV and TeV energy �-ray data, see Fig. 5(a).
While we find only rough agreement between our p = 2.8
model and the Fermi data, we find agreement between
our p = 2.6 model and all available data. This agree-
ment between the models and observations will allow us
to use the existing Cocoon spectrum to model further
hard neutrino emission from the Cygnus region.

To calculate an upper limit on the potential neutrino
emission from the Cocoon, we assume that the Cocoon
is a single source and is dominated by �-rays from neu-
tral pion decay. Using our single-zone YEGZ interaction
model [39], we approximate the spectrum of cosmic-ray
protons necessary to reproduce the observed �-ray spec-
trum. Assuming there is no steepening of the cosmic-ray
proton spectrum at higher energies, we find that the neu-
trino flux (p = 2.2) at 1 PeV is a just above the di↵eren-
tial discovery potential point sources for IceCube, based
on 7 years of data [54], see Fig. 5(b). As the discovery
potential for extended sources should be at least a factor
of a few lower, see Fig. 8.1 in [53], the possibility of de-
tecting the Cocoon is even greater, provided the cosmic
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FIG. 5. Top panel: plot of the �-ray spectra including the
YEGZ di↵use model, 3FGL resolved sources, and the Cocoon.
Di↵erent components include: YEGZ models, pulsars (PSRs),
active galactic nuclei (AGNs), supernova remnants and as-
sociated emission (SNRs), unassociated sources (UnID), the
isotropic �-ray background (ISO), and the Cocoon. Sources
from the 3FGL are valid out to 300 GeV (vertical dotted
black line) and extrapolated beyond that. Bottom panel: plot
of the neutrino spectra from the soft, di↵use YEGZ models
(p = 2.6 � 2.8), the Cygnus Cocoon, and the CygX-North
molecular cloud complex, along with the point source di↵er-
ential discovery potential for IceCube based on 7 years of data
[54]. The IceCube sensitivity to extended sources naturally is
lower than that for point sources, and thus this plot represents
the most optimistic case for detection.

ray spectrum is hadronic and extends to PeV energies.
It is likely that several di↵erent accelerators and in-

teraction processes produce the hard emission that has
been designated the Cocoon, and it is unclear whether
the total �-ray emission from the Cocoon is dominated by
hadronic processes. As such, we also consider a smaller
portion of the Cocoon coincident with a large molecu-
lar gas cloud complex which is most likely to be dom-
inated by hadronic emission and could potentially be
due to a single, hidden accelerator (a SNR or a PWN).
The region we consider is in CygX-North centered on
(l = 81.5�

, b = 0.5�) which is to the left of Cyg OB2, see
Fig. 7 in [31].
Again, using our single-zone YEGZ model [39], we

match a cosmic-ray proton spectrum to the �-ray spec-
trum for this subregion given in the supplementary ma-
terials of [6], see Fig. S6. We find that the neutrino flux
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model [39], we approximate the spectrum of cosmic-ray
protons necessary to reproduce the observed �-ray spec-
trum. Assuming there is no steepening of the cosmic-ray
proton spectrum at higher energies, we find that the neu-
trino flux (p = 2.2) at 1 PeV is a just above the di↵eren-
tial discovery potential point sources for IceCube, based
on 7 years of data [54], see Fig. 5(b). As the discovery
potential for extended sources should be at least a factor
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FIG. 5. Top panel: plot of the �-ray spectra including the
YEGZ di↵use model, 3FGL resolved sources, and the Cocoon.
Di↵erent components include: YEGZ models, pulsars (PSRs),
active galactic nuclei (AGNs), supernova remnants and as-
sociated emission (SNRs), unassociated sources (UnID), the
isotropic �-ray background (ISO), and the Cocoon. Sources
from the 3FGL are valid out to 300 GeV (vertical dotted
black line) and extrapolated beyond that. Bottom panel: plot
of the neutrino spectra from the soft, di↵use YEGZ models
(p = 2.6 � 2.8), the Cygnus Cocoon, and the CygX-North
molecular cloud complex, along with the point source di↵er-
ential discovery potential for IceCube based on 7 years of data
[54]. The IceCube sensitivity to extended sources naturally is
lower than that for point sources, and thus this plot represents
the most optimistic case for detection.

ray spectrum is hadronic and extends to PeV energies.
It is likely that several di↵erent accelerators and in-

teraction processes produce the hard emission that has
been designated the Cocoon, and it is unclear whether
the total �-ray emission from the Cocoon is dominated by
hadronic processes. As such, we also consider a smaller
portion of the Cocoon coincident with a large molecu-
lar gas cloud complex which is most likely to be dom-
inated by hadronic emission and could potentially be
due to a single, hidden accelerator (a SNR or a PWN).
The region we consider is in CygX-North centered on
(l = 81.5�

, b = 0.5�) which is to the left of Cyg OB2, see
Fig. 7 in [31].
Again, using our single-zone YEGZ model [39], we

match a cosmic-ray proton spectrum to the �-ray spec-
trum for this subregion given in the supplementary ma-
terials of [6], see Fig. S6. We find that the neutrino flux

T. Yoast-Hull, J. Gallagher, F. Halzen, AK,E. Zweibel, arXiv:1703.02590

• With addition of Fermi sources and emission from the cocoon, the gamma ray 
emission could be modeled. 

•If the cocoon emission is hadronic, and extends to higher energies, it should be 
observed by IceCube.


