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Abstract It is generally believed that young, rapidly rotating pussare important
sites of particle acceleration, in which protons can belacated to relativistic energy
above the polar cap region if the magnetic moment is antilghta the spin axis
(1 - 2 < 0). To obtain diffuse neutrinos and gamma-rays at TeV thafiwaite in our
Galaxy, we use the Monte Carlo method to generate a sampleunigypulsars with
ages less than0® yr in our galaxy; the neutrinos and high-energy gamma-rapsoe
produced through a photomeson process with the interastienergetic protons and
soft X-ray photonsg + v — AT — n + 7t /p + 79) for a single pulsar, and these
X-ray photons come from the surface of the neutron star. €belts suggest that the
flux of diffuse neutrinos at TeV energies is lower than thekigacund flux, indicating
they are difficult to detect using current neutrino telessop
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1 INTRODUCTION

Very high-energy £ > 100 GeV) neutrinos and gamma-rays from astrophysical objectpcovide
a clear indication about the origins of Galactic and extlagi& cosmic rays. The radiation probably
comes from gamma-ray bursts (GRBs), active galactic n{8lBeNs), pulsars, etc. In our Galaxy,
most high-energy gamma-rays and neutrinos are associatieghwsars, supernova remnants and
pulsar nebulae (Bednarek et al. 2005; Kistler & Beacom 200@)ng pulsars are persistent and pe-
riodic sources; their radiation also travels shorter disés to Earth than does that from extragalactic
sources. If they emit high-energy neutrinos/gamma-ragscan spend a longer time searching for
the signals. If the TeV neutrinos and gamma-rays can be @et&om pulsars, it will help improve
our knowledge about the hadronic process taking place imdmgnetosphere.

Recently, studies (Link & Burgio 2005, 2006; Bhadra & Dey 90fiang et al. 2007) have shown
that if the magnetic moment of a pulsar (with age less thafhyr) is antiparallel to its spin axis
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(1 - © < 0), A-resonance will be produced when ions accelerated by trsapinteract with these
thermal radiation fields. These high-energy neutrinos amdrga-rays then decay liy-resonance.
Link & Burgio (2006) (hereafter LB) considered the situatishere, near the surface of the neutron
stars, protons or heavier ions can be accelerated by pglated®eV energy. When the thermal radi-
ation field of a pulsar interacts with accelerated ions ha#aV energy, thé\-resonance state may
occur. This process is effective, and pions subsequentiyd® muon neutrinos or gamma-rays. LB
calculated the energy spectrum of muon neutrinos from samsags and estimated the event rates
on Earth. The spectrum sharply rises~&0 TeV, corresponding to the onset of the resonance. The
flux drops with neutrino energy as? up to an upper energy cut-off that is determined by either
kinematics or the maximum energy to which protons are acateld. Bhadra & Dey (2009) esti-
mated the TeV gamma-ray flux on the Earth from a few young nyegaulsars and compared it with
observations; they found that proper consideration of ffeceof the polar cap geometry in flux
calculation is important, and subsequently revised thetaates.

In this paper we find the ratio of polar cap area to neutronsigiace area, denoted asis
double that given by Bhadra & Dey (2009). We use revised praprgeometry to calculate the flux
of TeV neutrinos and the gamma-ray spectrum from some youlsgys, and estimate the eventrates
on Earth. In order to estimate the flux of diffuse TeV neutsiamd gamma-rays from the Galactic
plane, a sample of pulsars in our galaxy is required. We sitatthe pulsar sample with a Monte
Carlo (MC) method (Cheng & Zhang 1998; Zhang & Harding 200angd et al. 2007) and obtain
the flux of diffuse neutrinos and gamma-rays at TeV energas fyoung pulsars in our galaxy.

In Section 2, we review the model of LB. In Section 3, we cabeithe neutrino and gamma-ray
spectrum from a single pulsar by a revised polar cap geomletigections 4 and 5, we obtain a
sample of young pulsars in our galaxy using the MC method #stimate the emission of diffuse
neutrino and gamma-rays from these Galactic young pulkassly, the discussion and conclusions
are presented.

2 THE MODEL OF NEUTRINOSAND GAMMA-RAYSFROM YOUNG PULSARS

Neutron stars have enormous magnetic fieldsX 10'? G) and high rotation rates (tens of Hertz)
which act as very powerful generators. Charges will be péiboff the highly conductive surface
and accelerated somewhere above the stellar surface. Tdteanisms of particle acceleration from
pulsars have generally been divided into the polar gap m@delerman & Sutherland 1975; Arons
& Scharlemann 1979; Daugherty & Harding 1996; Gonthier €2@02) and outer-gap model (Zhang
et al. 2004; Cheng et al. 1986). In the former, particles acelarated in a charge-depleted region
near the magnetic pole of the neutron star. In the outerigapl| take place in the vacuum gaps
between the neutral line and the last open line in the magpbtre. Therefore, the region where
acceleration occurs in the polar-gap model is close to thfaceiof the neutron star, whereas in the
outer-gap model it is near the light cylinder.

In the polar gap model, because of large rotation-inducectrét fields, particles can be ex-
tracted from the surface of the polar cap, then be accetkratel finally form the primary beam.
The potential drop across the field of a pulsar from the magpete to the last field line open to
infinity is A¢ = BsR3Q?/2¢? (Goldreich & Julian 1969), wher8 is the strength of the dipole
component of the field at the magnetic pol&; (~ 10'2 G), R = 10°R; is the radius of the neu-
tron star,p,,, is the spin period in millisecond$) = 2« /p is the angular velocity (wherg is the
period) ande is the speed of light. The magnitude of the potential dfop could be as high as
7 x 108B12 P2 V (Bs = Bia x 10'2) (Goldreich & Julian 1969). LB consider that if the elec-
tric field has no or little screening and - © < 0 (expected to hold for half of all pulsars), ions
and protons will be accelerated to PeV energy near theiasenf is the magnetic moment, arsd
is angular velocity. Protons or ions accelerated by pulaéisnteract with thermal radiation they
produce. If the accelerated particles have sufficient gnangl exceed the threshold energy for the
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A-resonance state\(" is an excited state of a proton, with a mass of 1232 MeV) Ahesonance
state may occur. The threshold condition for the productiba A-resonance state in the— ~
interaction is given by

€pey (1 — cos ) > 0.3 GeV?, 1)

wheree, ande, are the proton and photon energy respectively, @jids the incidence angle be-
tween the proton and the photon in the lab frame. Young psilsguically have temperatures of
Tw ~ 0.1 keV, and photon energy, = 2.8kTo(1 + z,) ~ 0.4 keV, wherez,~ 0.4 is the
gravitational redshift and’, is the surface temperature measured at infinity. In a yourspps
atmosphere, the condition for producidgresonance i$312 P 2Tp 1kev > 3 x 1074 (Link &
Burgio 2005; Link & Burgio 2006), wher&j 1xev = (kT /0.1 keV) andT,, ~ 0.1 keV is the
typical surface temperature of young pulsars. This comdlitiolds for many young pulsars, 86
resonance could exist in the atmosphere of many pulsarsn@arays and neutrinos subsequently
decay through the following channels

0
+ p+m —p+2y,
p+7—>A —>{n7r+—>n+e++l/e+l/u+w-
Based on the LB model, we estimate the flux of neutrinos andhgamays emmited from pulsars.
The flux of protons accelerated by the polar gap can be estthzet

Ipc = Cfd(l - fd)nOApC P (2)

whereng(r) = BsR3Q/ (4w Ze cr3) is the Goldreich-Julian density of ions at distancandfy < 1

is the fraction of the space charge that is depleted in themeghere acceleration occurs. It is a
model-dependent quantity{ = 0 corresponds to no depletion arfd = 1 is full depletion), so
the density in the depleted gap can be writtenf@d — f4)no, whereA,. = n27R? is the area
of the polar cap, ang is the ratio of polar cap area to half of the neutron star'$aserarea. When
n = 1, the polar cap area is half of the neutron star’s surface. &i8g2006) and Jiang et al.
(2007) calculate it using the surface area of a hemisphdre typical radius,. = R(QR/c)'/?
(Beskin et al. 1993), and the polar gap surfacdjs = mr2, = TQR?/c, son = QR/(2c¢). Itis
possible thaty = QR/(2¢) is more appropriate. For young pulsars with surface tentperd .,
the photon density close to the surface of the neutron stay(iR) = (a/2.8k)[(1 + 2z5)Tw], Where

a is the Stefan-Boltzman constant. Numerically(R) ~ 9 x 1097, ;. At radial distancer,
photon density will ber.,(r) = n.,(R)(R/r)?. The probability that a PeV energy proton starting
from the pulsar surface will produce/a particle by interacting with the thermal field is given by
pe = 1— f;p(r) (Link & Burgio 2005), wheredP/P = —n.(r)o,ydr. Thus the total flux of
gamma rays/neutrinos generated in pulsars fromtfieesonance is

I= 2C§Apcfd(1 - fd)nOPc s (3)

where¢ is 4/3 and2/3 for gamma-rays and muon neutrinos, respectively. At theadeed, the
phase averaged gamma-ray/neutrino flux on Earth from aipslsa

R 2
¢ =~ 2c€Cn fufa(l — fa)no (E) P., (4)

wheref;, is the duty cycle of a neutrino or gamma-ray beds,the effect due to neutrino oscillation
(the decays of pions and their muon daughters result iralriéivor ratiosp,, : ¢, : ¢, of nearly
1:2:0, butatlarge distances from the source, the flavor ratiopgeted to become: 1 : 1 due to
maximal mixing ofv,, andv;). ¢ = 1 and 1/2 are for gamma-rays and muon neutrinos respectively.
We want to obtain the spectrum of neutrinos and gamma-ragg tlee following differential form

o, R\? dP.
dfy = 2c6Cn fofa(l — fa)no (E) de,

(5)
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Taking fa = 1/2andZ = A = 1 for estimating upper limits on the flux, the neutrino and gaanm
ray energy flux is estimated as

doy _ 1 dP,
do 3 x 10 8€<nbe12pmidkp2CT0.lch ek (6)

wheredy,. is the distance of the pulsar from Earth, aiB,/dx is the probability of a proton

converting to aA™ particle per unit energy interval. The details have beenvshia equation (26)
in LB.

3 TEV NEUTRINOSAND THE GAMMA-RAY SPECTRUM

We use Equation (6) to estimate the flux of neutrinos and ganalys, and takeZ = 1 andfq = 1/2
throughout this work. We consider linegy = 1) and quadrati¢y = 2) proton acceleration laws.
Linear acceleration corresponds to an accelerating fielidhwis constant in space and quadratic
acceleration grows linearly with height above the star. Weudate the flux of neutrinos and gamma-
rays for the Crab pulsar, Vela pulsar, PSR B1509-58 and PSR®#44 whem = QR /2c as shown

in Figures 1 and 2. The parameters describing the sourceeserged in Table 1.

Table1l Parameters of Some Pulsars

Source d P Bi2 Toikev Jo - (LBO6) hr
(kpc) (ms) (G) km~2yr=1)  (km Zyr 1)
Crab 2 33 3.8 ~ 1.7 0.14 45 0.151
Vela 0.29 89 3.4 0.6 0.04 25 0.0313
B1706 — 44 1.8 102 3.1 1 0.13 1 0.0038
B1509 — 58 4.4 151 0.26 1 0.26 5 0.0057

For both acceleration laws, the spectrum turns sharpdy at 705&1&\, TeV corresponding to
the onset ofA-resonance. At the highest energy it drops approximately, asbecause the con-
version becomes restricted. The flux is lower by about thrders of magnitude when we use the
pulsar surface for calculations. This is more consistettt thie observed upper limits of gamma-ray
fluxes. Numerical values of integrated gamma-ray fluxes %t fieergies are obtained for pulsars
and listed in Table 2.
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Fig.1 The neutrino flux displayed for the Craleft panel) and Vela (ight panel) pulsars for the
case of lineargolid line) and quadraticdotted line) proton acceleration .
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Fig.2 The gamma-ray flux displayed for the Crdbfi( panel) and Vela ight panel) pulsars, for
cases of linearsplid line) and quadraticdotted line) proton acceleration.

Table 2 The integrated gamma-ray flux at TeV energies. This showsrgadson
between the predicted and the observed values.

Source n=1 n=QR/(2c) Observed upper limit of integral flux
(10~ em=2s71) (107 em2s71) (101 cm =257 1)

Crab 1038 3.297 8(56)

Vela 204.98 0.242 10(20)

B1706 — 44 67.4773 0.0692 10(20)

B1509 — 58 69.675 0.0484 10(20)

Notes: The observed upper limits for the Crab pulsar are dughtironian et al. (2006), whereas for
the rest of the pulars the observed upper limits are due tookien et al. (2007).

In Table 2, the gamma-ray flux estimated with= 1 is obviously higher than the observed
upper limits. However, with) = QR/2c it is a little lower and more consistent with the observed
upper limits; thus taking = QR/(2¢) is more reasonable.

Large-areaneutrino detectors use the Earth or ice as a médiconversion of a muon neutrino
to a muon. By detecting the Cherenkov light produced by mewinteractions with high-energy
muons below a detector on Earth, we can use the flux of nesttmestimate the count rate in the
detector. The conversion probability in Earth is (Gaissex.€1995)

P, . =13x10"%e,/1TeV). )
The muon event rate is N ”
—dAdt = /deyd—eypyﬂ_}u. (8)

In Table 1, the estimated count rates are presented in theolasnn for the Crab pulsar, Vela pulsar,
PSR B1509-58 and PSR B1706—44, with= 0.1 and linear acceleration. Expected count rates
(LB) are shown in the penultimate column. Compared with tkgeeted count rates shown in the
last column, the expected count rates (LB) are higher, winiehns those cases that are detectable
by IceCube will not present a strong signal (Abbasi et al 20This result shows that IceCube data
severely constrain the optimistic predictions of LB and &taa Dey (2009), i.e. pulsars are unlikely
to be a strong source of TeV neutrinos. Hence, proper coraide of the effect of a pulsar’s polar
cap geometry in flux calculations is important.
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4 THE DIFFUSE NEUTRINOS AND GAMMA-RAY EMISSION FROM YOUNG
GALACTIC PULSARS

Over 1800 radio pulsars are known (Manchester et al. 2008)ttee ages of more than 400 pulsars
are less tham0° yr, most of which are candidate sources. If the magnetic nmbiseantiparallel to
the axis of rotationy - €2 < 0), ions can be accelerated in the charge-depleted gap reeputbar’'s
surface, so young pulsars are also potential neutrino ssuAlthough some of them are likely
to be weak sources, the total contribution could be sigmficBherefore we use the MC method
to simulate a pulsar sample with ages less thithyr, then determine which of them are neutrino
pulsars in the sample. We also estimate the diffuse neuttir@and gamma-ray flux. In other words,
we will cumulate all the neutrino and gamma-ray flux with atential pulsars in the sample.

4.1 Pulsar Sample Simulated by the M onte Carlo Method

We produce the population of young Galactic pulsars by thHeviing assumptions (e.g. Sturner &
Dermer 1996; Cheng & Zhang 1998; Zhang & Harding 2000; Zhareg.e2004; Jiang & Zhang
2006). The pulsar sample is simulated with the MC method wigdescribed by following steps
(see Jiang et al. 2007 for details).

We use the conventional assumption for the birth rate of Gialgulsars £ 2/100yr) and
enlarge it by 10 times, generating about 160 000 pulsarsig&hactic plane during the past million
years. In this sample about 3890 pulsars could be detectibdradio. Many pulsars are not be
observed because of the selection effect. Compared witAuls&alia Telescope National Facility
(ATNF) pulsar catalog, our simulated sample is consisteittt the distribution of observations.
Normalized histograms showing the distribution of pulsariqd, pulsar surface magnetic field and
distance are shown in Figure 3. The shadowed histogramsemiethe ATNF sample, and the solid
histogram represents the simulated sample. We also corttpadistribution of galactic longitude
and galactic latitude with the observed sample, which isvshia Figure 4. The shadowed histogram
represents the ATNF sample and the solid histogram repieties simulated sample. Obviously,
most pulsars are distributed in the region of galacticldgib| < 5°, which demonstrates that our
simulation successfully models this attribute.

4.2 The Diffuse Emission of Neutrinosand Gamma-raysfrom Young Pulsars

Diffuse neutrino and gamma-ray emissions, both from Galaatd extragalactic sources, are very
interesting for astrophysics, particle physics and cosgylIThe diffuse Galactic emission is pro-

duced by interactions with cosmic rays, mainly protons ec&bns interacting with interstellar gas
(via 7°-production and bremsstrahlung) and a radiation field (waise Compton scattering). We

estimate the flux of gamma-rays and neutrifds, ;)/de, by using Equation (6). Then we can

obtain the flux of neutrinos and gamma-rays from all pulsars

N

Ble,) =3 20ud (©)
=1

de,dQ;’

whereN is the number of pulsars emitting gamma-rays or neutrinas$d&; is the solid angle for
theith pulsardQ; = 4x f, ; ~ 1. The results of neutrino energy flux are shown in Figure 5.

The energy flux sharply increases at ab@uteV, corresponding to the onset of resonance. Most
energy is emitted between 50 TeV and 0.8 TeV. After the onfsiiieresonance, the spectrum drops
approximately as,, 2, because the phase space for conversion becomes restiiggtdike in the
spectrum of a single pulsar, this behavior is typical fotfmsder Fermi acceleration (Abbasi et al.
2012). The linear acceleration of protons is about five tilngker than the quadratic acceleration,
so the linear acceleration is dominant.
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Fig. 3 Histogram showing the normalized distribution of pulsarige, distance, surface magnetic
field and period. The shadowed histogram represents thevalossample. The solid histogram rep-

resents the simulated sample.
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Fig.4 Normalized histogram distribution of pulsars in Galactioditude and Galactic latitude. The
shadowed histogram represents the observed sample. Ttdistbgram represents the simulated

sample.

From Figure 5, we can conclude that it will be more difficult $earch for the signals
of neutrinos, because these signals only slightly exceedldiver limit of background atmo-
spheric neutrino flux. For comparison, we also give the ptedifluxes with sensitivities of de-
tectors in AMANDA-II, ANTARES and IceCube. The AMANDA dettr reached a sensitivity of
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Fig.5 The estimated diffuse neutrino flux from young pulsars in@ataxy. The solid and dashed
lines correspond to the fluxes computed for the cases ofrliapd quadratic proton accelera-
tion respectively. The solid lines labeled (1), (2) and @)resent the sensitivities of detectors in
AMANDA-II, ANTARES and IceCube, respectively. The linedbkled (4) and (5) represent the pre-
dicted fluxes from AGNs (Stecker 2005) and GRBs (Liu & Wang3Qespectively. The shadowed
region is the background atmospheric neutrino flux (ATM)o@dy 2006).

8.9 x 107® GeV cm~2 s~ ! st~ ! after the first four years of operatlion in 2000-2003 (Hilakt
2006). The sensitivity of the ANTARES detector reachiegli+ 0.99 x 1078 GeV cm =2 s % sr!
after one year of data on diffuse flux, add) & 0.7 x 1078 GeV cm~2 s~ ! sr~! after three
years of data on diffuse flux (Montaruli 2005). The IceCub&dmrs have reached a sensitivity
of (2 —7) x 1072 GeV em~2 s~! sr~! after three years of operation (Ribordy 2006). It is clear
that it is more difficult to detect the signals of neutrino fluem young pulsars, because the neu-
trino flux energy is lower than the background atmospherignie flux. From Figure 5, we also
compare the predicted diffuse neutrino fluxes from AGNsdgte 2005) and GRBs (Liu & Wang
2013). However, we can find that the diffuse neutrino fluxesfAGNs are larger than than those
of young pulsars and GRBs at energies from 60 TeV to 3 PeV. Tihesd neutrino fluxes from
GRBs and young pulsars in the range from 100 TeV to 1 PeV arestlthe same and lower than the
atmospheric background flux. The distribution of estimatifiise neutrino flux from these young
pulsars is narrower than that from AGNs and GRBs; the flux fABNs and GRBs peaks at about
20 PeV and 1 PeV respectively (He et al. 2012). The neutrindytion in young pulsars is con-
strained by the efficiency of accelerating protons, but t&NA& are more powerful accelerators than
pulsars. Perhaps the most violent processes in the unjgerdeas AGNs or GRBs, could contribute
in this energy range. The predicted diffuse neutrinos frasgrs in the Galaxy (Jiang et al. 2007)
are easier to detect, because the flux is above the sewsitivétishold of IceCube. The reason why
they obtained higher flux than us is because the area of tlae pap that we calculated is different.
The results of diffuse gamma-ray flux are shown in Figure & 3tlid and dashed lines corre-
spond to the fluxes computed for the cases of linear and qiiadraton acceleration respectively.

5 DISCUSSION AND CONCLUSIONS

To summarize, based on the LB model and Bhadra & Dey (2009xal@ilate the neutrino and
gamma-ray spectrum of some pulsars with an appropriatefarg¢he polar cap. We use the MC
method to simulate a pulsar sample with ages less tidényr and p - 2 < 0 in our Galaxy.
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Fig.6 The estimated diffuse gamma-ray flux from young pulsars irGalaxy. The solid and dashed
lines correspond to the fluxes computed for the cases ofrlimed quadratic proton acceleration
respectively.

By comparing with the ATNF pulsar catalog, our simulatioaessfully models attributes of the
Galactic population of pulsars. Using the sample, we alsmaged the flux of diffuse neutrinos and
gamma-rays in our Galaxy. Our results show that the diffuse fllistributed in the energy range
from ~ 50 TeV to ~ 3 PeV, is lower by about three orders of magnitude than thatamigJet al.
(2007), only because of the different methods used for dgalith the area of the polar cap.

These results show that the signals of neutrino flux from gopulsars are more difficult to
detect, because the energy range, abobid TeV to~ 3 PeV, is lower than the sensitivity threshold
of IceCube and the atmospheric background neutrino fluxsdPitey, any statistically significant ex-
cess in signals has not been detected from the directionygf@isar by the AMANDA-II telescope
(Ackermann et al. 2005, 2008; Ahrens et al. 2004). Thesdtseshiow that proper consideration
of the effect of polar cap geometry in flux calculation is imgat and pulsars are unlikely to be a
strong source of TeV neutrinos. Compared with the flux oludiéf neutrinos with TeV energies emit-
ted from AGNs (Stecker 2005) and GRBs (Liu & Wang 2013), AGN&ld be the primary source
of TeV neutrinos.

The data on energy of the diffuse gamma-rays from the galptdine around- 50 TeV to
~ 3 PeV have not been found, so we cannot give the percentagerohgaays produced through
A-resonance among all the diffuse gamma-rays in our GalaryeXgect that experiments like the
proposed High Altitude Water Cherenkov (HAWC) detectoll wilntinuously survey large regions
of the sky, in particular the Galactic plane, at gamma-raygies up to 100 TeV, with 10 to 15 times
the sensitivity of the Milagro detector. If we have the eyedgta on the diffuse gamma-ray fluxes
from the Galactic plane around 50 TeV to ~ 3 PeV, we can estimate the percentage of a pulsar’s
contribution to this energy range.

This work has some uncertainties, such as the pulsar birgharad how many pulsars satisfy
p - 2 < 0. Estimating the flux of thermal photons from the surface okatron star is not well
determined and the physical processes in the magnetosaleestill not clear, resulting in some
uncertainties in the LB model as mentioned by Link & Burgi@@3, 2006). Therefore, in order to
improve the prediction of the diffuse muon neutrino and garay flux from young pulsars, it is
crucial to understand more about the neutrino flux and spectitted by a single pulsar.



1106 Z. X. Lietal.

Acknowledgements The authors are indebted to Professor Ze-Jun Jiang for histrumtive
ideas and helpful suggestions on the manuscript. We thamketieree for helpful comments and
suggestions. This work is partially supported by the S@eResearch Foundation, Department
of Education, Yunnan Province (Grant No. 2012Y316) and YamiProvince under Grant No.
2010CD112.

References

Abbasi, R., Abdou, Y., Abu-Zayyad, T., et al. 2012, ApJ, 745,

Ackermann, M., Adams, J., Ahrens, J., et al. 2008, ApJ, 60541

Ackermann, M., Ahrens, J., Bai, X., et al. 2005, Phys. RewD,077102

Aharonian, F., Akhperjanian, A. G., Bazer-Bachi, A. R.,1e2806, A&A, 457, 899

Aharonian, F. et al. (Hess collaboration). 2007, A&A, 46635

Ahrens, J., Bai, X., Barwick, S. W., et al. 2004, Physical iBevLetters, 92, 071102

Arons, J., & Scharlemann, E. T. 1979, ApJ, 231, 854

Bednarek, W., Burgio, G. F., & Montaruli, T. 2005, New Astrdrev., 49, 1

Beskin, V. S., Gurevich, A. V., & Istomin, Y. N. 1993, Physio§ the Pulsar Magnetosphere (Cambridge:
Cambridge Univ. Press), 117

Bhadra, A., & Dey, R. K. 2009, MNRAS, 395, 1371

Cheng, K. S., Ho, C., & Ruderman, M. 1986, ApJ, 300, 500

Cheng, K. S., & Zhang, L. 1998, ApJ, 498, 327

Daugherty, J. K., & Harding, A. K. 1996, ApJ, 458, 278

Gaisser, T. K., Halzen, F., & Stanev, T. 1995, Phys. Rep., 238

Goldreich, P., & Julian, W. H. 1969, ApJ, 157, 869

Gonthier, P. L., Ouellette, M. S., Berrier, J., O'Brien, & Harding, A. K. 2002, ApJ, 565, 482

He, H.-N., Liu, R.-Y., Wang, X.-Y., et al. 2012, ApJ, 752, 29

Hill, G. C., & for the IceCube collaboration 2006, arXiv:es{ph/0611773

Jiang, Z. J., Chen, S. B., & Zhang, L. 2007, ApJ, 667, 1059

Jiang, Z. J., & Zhang, L. 2006, ApJ, 643, 1130

Kistler, M. D., & Beacom, J. F. 2006, Phys. Rev. D, 74, 063007

Link, B., & Burgio, F. 2005, Physical Review Letters, 94, 181

Link, B., & Burgio, F. 2006, MNRAS, 371, 375

Liu, R.-Y., & Wang, X.-Y. 2013, ApJ, 766, 73

Manchester, R. N., Hobbs, G. B., Teoh, A. & Hobbs, M. 2005, 128, 1993

Montaruli, T. 2005, Acta Physica Polonica B, 36, 509

Ribordy, M. 2006, Physics of Atomic Nuclei, 69, 1899

Ruderman, M. A., & Sutherland, P. G. 1975, ApJ, 196, 51

Stecker, F. W. 2005, Phys. Rev. D, 72, 107301

Sturner, S. J., & Dermer, C. D. 1996, ApJ, 461, 872

Zhang, B., & Harding, A. K. 2000, ApJ, 532, 1150

Zhang, L., Cheng, K. S., Jiang, Z. J., & Leung, P. 2004, Ap4, 827



