N
N

N

HAL

open science

Gamma rays and neutrinos from SNR RX J1713.7-3946
G. Morlino, P. Blasi, E. Amato

» To cite this version:

G. Morlino, P. Blasi, E. Amato. Gamma rays and neutrinos from SNR RX J1713.7-3946. Astroparticle
Physics, 2009, 31 (5), pp.376. 10.1016/j.astropartphys.2009.03.007 . hal-00574822

HAL Id: hal-00574822
https://hal.science/hal-00574822
Submitted on 9 Mar 2011

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-00574822
https://hal.archives-ouvertes.fr

Accepted Manuscript i
~ ASTROPARTICLE

Gamma rays and neutrinos from SNR RX J1713.7-3946 PHYSICS
G. Morlino, P. Blasi, E. Amato

PIL: S0927-6505(09)00056-5

DOI: 10.1016/j.astropartphys.2009.03.007

Reference: ASTPHY 1399

To appear in: Astroparticle Physics

Received Date: 16 January 2009

Revised Date: 26 March 2009

Accepted Date: 26 March 2009

Please cite this article as: G. Morlino, P. Blasi, E. Amato, Gamma rays and neutrinos from SNR RX J1713.7-3946,
Astroparticle Physics (2009), doi: 10.1016/j.astropartphys.2009.03.007

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.astropartphys.2009.03.007
http://dx.doi.org/10.1016/j.astropartphys.2009.03.007

Gamma Rays and Neutrinos from SNR RX J1713.7-3946

G. Morlind?, P. Blast?, E. Amat&

a8INAF/Osservatorio Astrofisico di Arcetri, Largo E. Fermi, 5,5&1Rirenze, Italy
PINFN, Laboratori Nazionali del Gran Sasso, I-67010 AsséAgd), Italy

Abstract

The supernova paradigm for the origin of galactic cosmisregn be tested using multifrequency observations of
both non-thermal and thermal emission from supernova retsn@he smoking gun of hadronic acceleration in these
sources can, however, only be provided by the detection @ftadnergy neutrino signal. Here we apply the theory of
non-linear particle acceleration at supernova shocksdaaise of the supernova remnant RX J1713.7-3946, which is
becoming the stereotypical example of a possible hadraaielarator after the detection of high energy gamma rays
by the HESS telescope. Our aim is twofold: on one hand we veaatitiress the uncertainties in the discrimination
between a hadronic and a leptonic interpretation of the gamay emission, mainly related to the possibility of a
statistical uncertainty in the energy determination of gfaenma ray photons in the TeV region. On the other we
want to stress how lam® neutrino telescope would break the degeneracy and provideree for dicient cosmic ray
acceleration in RX J1713.7-3946. Ar®vidence would require about two years of observation.

Key words: acceleration of particles — neutrinos — object: RX J1713846

1. Introduction This theory allows us to calculate the spectrum and spa-
tial distribution of cosmic rays accelerated at a supernova

Supernova remnants (SNRs) are the most plausiBiock taking into account the dynamical reaction of the
sources of ga|actic cosmic rays. The recent detecti@q}pelerated particles on the shock and, in its most recent
of multi-TeV gamma radiation from several SNRs make&&rsion [6, 16, 17], also the generation of magnetic field
the case stronger, especially when coupled with multifférough streaming instability induced by the accelerated
guency observations of the same remnants. However, Batticles [13, 12] and the dynamical reaction of the am-
spite all this progress, the evidence that SNRs are ind@dified magnetic field on the plasma. Such a dramatic im-
the main contributors to Galactic cosmic rays remains cittovement in the quality of our theoretical approach al-
cumstantial. A smoking gun evidence dfieient acceler- 10ws us to finally compare theory with observations and
ation of cosmic rays in these sources can only come fréf@ke testable predictions for future observations.
the detection of high_energ_y neutrinos, resulting from the 50 of the most important recent breakthroughs in es-
decays of charged pions within the source. tablishing the SNR paradigm for the origin of cosmic rays

The acceleration of cosmic rays at supermnova bigg{s peen the detection of narrow filaments of non-thermal
waves is well described by the non linear theory dfdi x4y emission in the direction of supernovaremnantrims
sive shock acceleration (NLDSA) (see [28] for a rewewPlQ 9, 26, 25, 40]. The filaments are most commonly in-

terpreted as the result of severe synchrotron energy losses
Emai X ) _ . of ultra relativistic electrons which are forced to radiate
mail addressestorlino@arcetri.astro.it (G. Morlino), . . . .
blasi@arcetri.astro.it (P. Blasi),amato@arcetri.astro.it a Iarge fraction of their energy (In the form of X-rays) n
(E. Amato) a narrow region downstream of the shock. The required
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strengths of the magnetic field are of ordet00-50QuG the HESS telescope; 2) in any case, fitting both the TeV
downstream of the shock. Such large levels of magnetid X-ray data requires the presence of a very large back-
zation might be the manifestation of magnetic field anground of infrared photons in the remnant.
plification in the upstream region, as due to the stream-The second point raised above should be considered as
ing of cosmic rays [35, 13, 6]. Not only the detection cd circumstantial evidence against a leptonic model, but
large magnetic fields signals foffieient cosmic ray ac- by itself it does not sffice to rule out this class of mod-
celeration, but in turn large magnetic fields are needed &s. In principle the first point is rather solid, but experi-
increasing the maximum energy of accelerated particlagntal éfects might weaken its significance: a statistical
to the knee region [14], namely foffizient acceleration. (and systematic) uncertainty in the energy determination
Efficient cosmic ray acceleration and magnetic field aafects the steep gamma ray spectrum by making it look
plification are two sides of the same coin. smoother than it actually is so that convolving the theoret-

On the other hand, it has been proposed that the infeal prediction with an estimate of the uncertainty in the
pretation of the narrow X-ray rims may be flawed [32knergy determination makes the leptonic spectrum look
they could in fact result from damping of magnetic fielthore similar to the hadronic case. We address this issue
in the downstream region. The emission region woudild a quantitative way here.
be narrow because the field disappears, not because paFhe hadronic interpretation appears to be more sound,
ticles lose energyfkectively. The situation is currentlybut there are shortcomings in this case as well: first, the
subject of active debate: the damping would naively rirermal X-ray flux expected from RX J1713.7-3946 is
sult in the appearance of filaments not only in X-rays, blatrger than the observed radiation of synchrotron origin.
also in the radio emission, and at present there is no ésecond, the number of electrons needed to explain the
dence for such a phenomenon. In addition, the absencelagervations is about 19 of the number density of ac-
magnetic field amplification (or a mitigation of thect) celerated protons, at odds with thg eatio observed at
would reduce the maximum energy achieved by the acdearth at energy 1 — 10 GeV.
erated particles, unless the shock configuration is quasiBoth these points are however rather weak at the
perpendicular [23]. An additional possibility has beepresent time. The first is based on the assumption that
proposed in [20]: the magnetic field could be amplifieelectrons and protons share the same temperature down-
downstream (and not upstream) because of the develsipeam. This condition is hardly achievable and in fact one
ment of corrugations on the shock surface which resalin easily argue that the temperature of electrons should
in eddies in which the magnetic field winds up and gelt® much smaller than that of protons. On the other hand,
amplified. In order for this scenario to lead to large max@oulomb scattering might be ficient to raise the elec-
mum momentum of the accelerated particles, the field tlien temperature to a level large enough to excite emission
rection must be very inclined with respect to the shodkes of heavy elements [31]. The second point is equally
normal in the upstream region. weak in that electrons might be accelerated #edént

A powerful diagnostic tool for particle acceleration irstages of the SNR. Moreover, recent data from PAMELA
SNRs is represented by the gamma ray emission in fagand ATIC [18] suggest that a substantial contribution
GeV-TeV energy region. The spectrum of the gamma ry the observed electron spectrum at Earth might come
emission, its extension to high energies and the shapdrom sources other than SNRs [22, 37].
the cutdr all provide precious information on whether the The safest way of proving or rejecting acceleration of
radiation is of leptonic or hadronic origin. In [30] we dishadrons in RX J1713.7-3946, as well as in other rem-
cussed in detail the application of NLDSA to the case ofnts, is to search for neutrinos produced in the decays of
the supernova remnant RX J1713.7-3946. If the HE8Barged pions. In this paper we apply the NLDSA model
data on this remnant are taken at face value, then itdisveloped by [5, 6], and previously used to describe the
problematic to fit them in the context of a leptonic modehultifrequency spectrum of RX J1713.7-3946 [30], in or-
for at least two reasons: 1) the spectral ¢iéxpected in der to calculate the expected neutrino flux from this rem-
leptonic scenarios leads to a gamma ray emission whicmt.
falls short of the highest energy data points measured byrevious attempts at estimating the neutrino flux from



SNRs have been typically based on phenomenological &pm the hadronic one, at least using the HESS data on
proaches, building on the assumption of a power law a@RX J1713.7-3946. The implications for future gamma ray
proximation for the gamma ray spectrum and simple scétescopes are also briefly discussed. On these premises
ing relations between the gamma ray and neutrino specirds very important to aim at the detection of the associ-
In [8] the authors estimated a flux of 40 neutrino imated neutrino signal, whose intensity is calculated 8
duced muons (and antimuons) par? per year from where we also estimate the neutrino induced muon signal
RX J1713.7-3946, using a power law for theay spec- in akn? neutrino detector. We conclude§r.
trum f,(E) o« E~2, based on CANGAROO observations;
the maximL_lm neut_rinq energy was _assumed tovb_bo 2 NLDSA and the non thermal emission of
TeV. Neutrino oscillations, absorption and location of py 31713.7-3946
the detector were not taken into account. Suffeats
were included by [19], wheré,(E) « E-22 was used, 2.1. Spectrum of accelerated protons and electrons
the power law index being inferred from HESS data (no In NLDSA theory, the overall shock structure and the
cut-of energy was assumed in this approach). The awutcome of the particle acceleration process are inextrica
thors obtain a flux of neutrino induced muoNg,; = bly linked. When acceleration idficient, the pressure of
10 knT2 yr-1. Again based on HESS data, [41] used twaccelerated particlesfacts the shock dynamics, leading
different parametrizations for theray spectra, a powerto the formation of a precursor, namely a region where the
law plus an exponential cuffoat E, max = 12 TeV and fluid velocity progressively decreases while approaching
a broken power law (with a knee at 6.7 TeV), leading the shock from far upstream. At the same time the stream-
Ny = 4.8 and 5.4 km? yr~! respectively. An attempting of accelerated particles is responsible for the inktabi
to extract the proton spectrum from the HESS data on tiies that lead to magnetic field amplification. In turn, the
gamma ray flux (assumed to be of hadronic origin), afidid profile in the precursor and the amplified, turbulent
compute the neutrino flux based on that, was done in [38]agnetic field, with the scattering it provides (and possi-
In the present paper we carry out the calculations by Uy the induced energy losses), determine tiieiency of
ing our model of NLDSA which provides a self-consistergarticle acceleration and the resulting spectrum, inclgdi
description of the acceleration of cosmic rays in the rerits high energy cutf.
nant. This leads to a shape of the gamma ray spectrunihe shock structure and the accelerated particle spec-
which is not a simple power law, due to the non linearum are computed as in [30]: the basic structure of the
effects induced by the dynamical reaction of the accehlculation is the same proposed in [5] and [6], but with a
erated particles and the amplified magnetic field. At tleeucial new aspect taken into account, namely the dynam-
same time we also obtain self-consistently the neutriiwal reaction of the self-generated magnetic field, which
spectrum, and we use it to derive the expected numbeiincluded following the treatment of [16] and [17]. This
events in &n?¥ neutrino telescope. means that the conservation equations at the shock and in
The paper is organized as follows: §n2 we summa- the precursor are modified so as to include the magnetic
rize the technical aspects of NLDSA and its application tmntribution. The compression factor at the subshock,
particle acceleration in supernova remnants. We also &gg,, and the total compression fact&e:, are deeply af-
scribe the calculations of the non thermal radiation frofacted by this change, resulting in a decrease of the com-
RX J1713.7-3946, with special attention for the gamnpaession ratio in the precursd®q:/Rsun, as soon as the
ray emission in both the hadronic and leptonic scenaramplified magnetic field contributes a pressure compara-
We discuss in detail the possibility to use present and tile to that of the thermal gas upstream. This smoothening
ture observations to discriminate between the two, oncefahe precursor reflects in spectra of accelerated pasticle
statistical uncertainty in the energy determination of thehich are closer to power laws, though the concavity typ-
photon events is taken into account. We show that a légal of NLDSA remains visible [17].
tonic scenario convolved with a gaussian distribution of The normalization of the proton spectrum is an out-
the photon energies withE/E ~ 30% or larger leads put of our non linear calculation, once a recipe for injec-
to the impossibility to distinguish the leptonic predictiotion has been established. Following [15], particles are



injected immediately downstream of the subshock. Tpeori is the relative normalization of the two spectay,
fraction of particles crossing the shock surface which amdich can only be obtained by fitting the observations.
injected in the acceleration procesg;, can be written as This is reasonable since electrons do not exert any appre-
ciable dynamical reaction on the shock.
Ninj = 4/ (3 \/;) (Raup—1)&% €. (1)  The spectrum of electrons at energies around and above
_ ) _ Pemax, NAMely the shape of the ctitds harder to calculate

Here& ~ 2 — 4 is defined by the relatiopiny = £ P2, in the context of non-linear theory. Since the spectra we
wherepy 2 is the momentum of thermal particles downing for electrons ap < Pemax are not far from being
stream£ parametrizes the poorly known microphysics Qfower laws with slope- 4, we adopt the modification
the injection process, bikn» is an output of the problem: ¢, ctor calculated by [44] for strong shocks in test particle

as a result, the injectionfiiciency is dfected by the dy- yegime. The resulting electron spectrum at the shock, in
namical reaction exerted by the accelerated particles §hd |oss dominated case. is:

by the amplified magnetic field. ,
Finally, the maximum momentum of the accelerated]c — Ko f 140523 2| e PP/ PEmax
particles is determined following [14] for the computation 20(P) = Kep Fpo(P) 1 +0.523(p/ Permad '

of the acceleration time in the presence of a precursor. (4)

For protons we use as a prescription the equality b\é{_hat is important to notice in this expression is that the
tween the acceleration time and the age of the SNR: cutaf is not a simple exponential, a fact which reflects
" in the shape of the synchrotron spectrum radiated by the

tac{Ppmax) = tSNR- (2) electrons, making it dierent from what assumed by most
of the previous work on the subject. On the other hand,
For electrons, energy losses can be important. Thigithe maximum momentum is indeed determined by the
maximum momentunpemax iS determined by equatingage of the remnant, then the cfitshape is expected to be
the acceleration time with the minimum between the tireponential.
for energy losses and the age of the remnant. The loss
time of electrons over a cycle of shock crossing nee?®. Magnetic field amplification and compression
to be weighed by the residence timés, upstream and  The turbulent magnetic field close to the shock can be
downstream, so that the condition for the maximum mgnhanced by several physical processes. However, here,
mentum, in the loss dominated case, can be written asas in [30], we focus on the amplification due to resonantly
excited streaming instability induced by cosmic rays ac-

t +1
tacd(P) = H (3) celerated at the shock. Resonant streaming instabilify [35
712(Bup) T T2(Bap) is likely responsible for most of the magnetic field ampli-

fication in SNRs after the beginning of the Sedov phase
- " ], while the non-resonant mode of the same instability
2" refer to quantities measured upstream and do

" dvelv. Th o t i th ¢ 2] is more dfective at earlier times. When the predic-
stream respectively. 1he resicence times In the Contexyah,s of |inear theory are extrapolated to the non-linear
the non linear theory of particle acceleration can be Wri

- tégime of field amplification (which one is forced to do
ten explicitely (from Egs. (25) and (26) of [14]). Eq. (3 or lack of a better treatment), the resulting field stresgth

must bfe SOI\{ed tr_1um.erlﬁallty f?pe,m?.x,lcontr_ary KI)—I the are in agreement with the values inferred by identifying
case of acceleration In the test particie regime. HOWENEE iy ness of the X-ray filaments with the synchrotron
an approximate analytical solution, valid when only *Yoss length of the highest energy electrons. The strength

ehrotron losses are important, was also proposed in [24) the magneric ield at the positionupstreamsB(s),in
s to the electron spectrum at the sholge(p), this is the absence of damping, can be estimated from the satu-

easy to calculate fop < Pemax. In fact, at a given mo- ration condition, that, for modified shocks, reads [17]:
mentump, the slope of the electron and proton spectrum
1-U (x)Z]

wherer| denotes the loss time, and the indexes “1” a

is the same, if one assumes that both species experience B 32
the same dfusion codficient. What is unconstraineal Pw(x) = U(x) 4Mao

(®)



wherepy(X) = 6B(x)?/(8rpou3) is the magnetic pressurefluxes clearly coincide. Heneis the gas (target) density
normalized to the incoming momentum flux at upstreaimthe SNR and(r, E;) is the distribution function of ac-
infinity, U(X) = u(x)/up and Mag = up/va with va the celerated protons at the locatipat a given energg,. In
Alfvén velocity at upstream infinity, where only the backgeneral both quantities depend on the location in the shell,
ground magnetic fieldBy, assumed parallel to the shockut here we assume them to be constant in the region en-
normal, is present. Eq. (5) correctly describes tfiea closed between the contact discontinuity and the forward
of compression in the shock precursor through the teshock and vanishing outside this region. Finadly;/dE
U(x)~%2. For the upstream temperature that we adoptimthe inclusive dferential cross section for the produc-
RX J1713.7-3946 (see below), damping in the upstredion of particles of typd. This quantity is usually ex-

region is expected to be negligible. pressed through the total inelaspigp cross sectionginel,
The magnetic field downstream of the subshock is fuand the dimensionless distribution functibr(x;, Ep) for
ther enhanced by compression, according to: secondaries, as
B, = RsupB1, (6) dU—i(Ep, Ei) A U'inel(Ep) .

whereB; is the magnetic field immediately upstream of

the subshock and we have used the fact that we are deafipgrex; = Ei/E, is the fraction of proton energy trans-

with Alfvén waves, and hence turbulence perpendicularfi@red to the secondary particle. For the functidhs

the shock normal. which efectively enclose all the details of the hadronic
processes involved, we use the analytical approximation

2.3. Computation of the radiation fluxes and spectra derived in [24] on the basis of numerical simulations of

The flux of non-thermal radiation atray photon en- P-P coIIisio_ns with the publicly available code SIBY.LL..
ergies is computed as in [30]. In that work we considhe analytical formulae_prqwdg a very good d.escrlptlon
ered both possible scenarios for the origin of high energ;the flux and energy distribution of secondaries for en-
photons in RX J1713.7-3946, namely a leptonic origif9ies above 0.1 TeV. As far as photons are concerned,
through inverse Compton scattering (ICS) of ambient Iofw /S0 includes the contribution gfmeson decay, in ad-
energy photons by accelerated electrons, or a hadrdfflion to that ofz°, with an overall accuracy of order a

origin, from z° decay following nuclear collisions of rel-f€W %. The estimate of neutrino fluxes is slightly less
ativistic protons. accurate, becaudg, only includes the decay of charged

In the hadronic scenario, the-ray flux from Pions, while neglecting the contribution frokrmesons,

RX J1713.7-3946 is accompanied by a flux of neutring@d therefore leading to underestimate the neutrino flux
coming from the decay of charged pions that are produd®g about 10 %. At energies lower than 100 GeV, and
in nuclear collisions together with neutral pions. We corfOWn to the rest energy of themeson, we use the ex-

pute the fluxes and spectra in both channels using the §gPolated formulae provided again by [24], that should

proximated expressions for the cross sections as provid#€gaccurate within 10 %.
in Ref. [24]. The flux and spectrum of ICS photons is calculated by

The y-ray and the neutrino fluxe®°(E;) (i = 7,v), using the exact kernel for ICS, with the full Klein-Nishina

produced byp-p collisions from a source located at distKN) cross section [33]. The main target photon field con-

tanced from Earth, can be expressed as follows: tributing to emission in the high energyray band is pro-
vided by dust-processed infrared photons, described by a

c *° doi(Ep, Ei)  blackbody spectrum with temperature20 K [34]. Fol-
DY(E) = 4rd? fdr n(r) «L dEpfp(r Ep) dE " lowing the instance of the HROptical photon background
(7) inthe interstellar medium (ISM) we assume that the ratio
In this expression, the apex 0 is used to indicate the nefithe optical to infrared energy densities remaing0,
trino flux that would have been seen at the Earth in tiaile the energy density of IR lightVr, is left as a free
absence of neutrino oscillations. For gamma rays the tparameter (in the ISMMVr ~ 0.05 eV cnT3).



In order to compute the spectra of accelerated particles 2 ‘
and the resulting emission, we need estimates for a num-
ber of environmental parameters relative to RX J1713.7- _ *°
3946, namely its distanca), age {sngr), expansion ve-
locity (up), and the values of temperatur&y), density
(no), and magnetic field strengtiB{), in the surrounding
medium. In addition to these, the only free parameters
of the model are¥, entering Eq. (1), anep, defining
the ratio between accelerated electrons and protons. In

1

I
3

E2 dN/dE [ev cm?s
o

L FermiLAT f ]

0g

hadronic (no error)

L

the ICS scenario an additional free parameter is the above™ 05 'C?C(gizegg/g B ‘-.‘"g | ]
mentionedVr. Ics 88 ﬁf’; Vi o\

The uncertainties on the various parameters and how ™k " " - PP : '15
they dfect the results of our calculations are thoroughly Log(®) [eV]

discussed in [30]. Here we only summarize the values
that we have found to provide the best fit to the mutkigure 1: Hadronic versus leptonic scenarios for the origifieV emis-
tifrequency data in both scenarios. Our adopted valui from RX J1713.7-3946. In both cases, the flux is compéded

; ; : best-fit values of the parameters, as specified in the T thick
of distance, age, expansion velocny and temperature éé?)%d line represents the spatially integrated spectrafg@ndistribution

d = 1 kpc,tsnr = 1600 yr (consistent ‘_Nith_ the historicabyf photons from® decay in the hadronic scenario, while the thin solid
chinese record of a supernova explosion in AD 393 [43]ihe refers to ICS in the leptonic scenario. Symbols repreat avail-

Uo = 4300 kmy's, T = 10° K. Other parameters are, jindble HESS data and also plotted are EGRET upper limit andiE&im
. . _ 3 _ sensitivity for GeV energy photons from this source. Otrezd on the
the hadronic scenarion = 0.12 cn7®, Bo = 2.6 HG, plot represent the result of convolution of the thin soliteliwith gaus-

& = 3.8; in the leptonic scenario, insteats = 0.01 ¢T3, sjans of diferent widths as explained in the text.
Bo = 154G, ¢ = 4.1.

The resulting values of magnetic field strengths, accel-
eration gficiency and maximum energy of the accelerated
particles are quite fierent in the two cases: the hadronic In Fig. 1 we plot the gamma ray flux as obtained
scenario entailsfcient acceleration, with a fraction ofthrough our calculations, for both a hadronic model (thick
accelerated particles corresponding to about End a solid line) and a leptonic one (thick dashed line) (see
maximum proton energy exceedingli@v_ In the |ep_ [30]) Taken at face Value, the curves in Flg 1 Clearly
tonic case the fraction of accelerated protons drops to |8§§W that the hadronic scenario reproduces the high en-
than 105’ Corresponding to an energy conversidh-e ergy observations much better, in particular the h|ghest
ciency of about 2 %. The magnetic field downstream @§1€rgy data points of HESS. On the other hand, the possi-
of order 20uG, to be compared witB, ~ 100G for the bility to discriminate between the two models relies upon
first scenario (in agreement with the value inferred frotR€ assumption that the statisticaicertaintyin the en-
the synchrotron loss length interpretation of the rim thicrgy determination is sficiently small. In order to ad-
ness). The ratio between the number density of accel@iess this point, we calculate the theoretical predictosn
ated electrons and protons at the shock turns out tothe leptonic scenario in the case in which there is a statis-
Kep ~ 107 if acceleration is ficient. On the other hand,fical uncertainty in the energy determinatio(E) = xE
inefficient acceleration, and the lower value of the magith x = 0.2,0.3,0.4. Our results are shown again in
netic field associated with the leptonic scenario, wouldd- 1 (diferent line-types are labelled in the figure).
favour Kep ~ 1072, in agreement with measurements of The thin curvesin the figure are obtained by convolving
the difuse galactic cosmic rays. However, in order to file predicted ICS flux at a given energygs(E), with a
both the X-ray and the gamma-ray fluxes in the conteg@ussian of given width, namely :
of this purely leptonic scenario a local energy density of
infrared radiation~ 24 times larger than the galactic av- ., _ , Pics(E) (E-E)?

Vieo(®) = [ de - | @

erage is required. [27 72(E) P 202(E)




The conclusion that these curves lead to is that a stdth an identical equation holding for antineutrinos. The
tistical uncertainty larger than 30% in the energy regiairors due to the uncertainties in the oscillation parame-
above 10 TeV would inhibit the discrimination betweeters are negligible< 5%). Since at the sourog andve
the two models, based on HESS data alone. The nomiais produced in a rati@® : 1}, the dfect of oscillations
energy resolution of HESS telescope is around 15% [#fanslates into a flux of muon neutrinos at Earth that is
sufficient to allow for such discrimination. The main is~ 50% of that produced at the soure;, = O.SCDQH.
sue in this case is the data statistics: the mafifedinces  The flux of neutrinos and antineutrinos of each flavor
between the two scenarios, and the superior quality of éapected at Earth is shown in Fig. 2, and compared with
fit obtained within the hadronic one, show at the highesfe flux of gamma rays (solid line). The flux of neutrinos
energy, where the statistical significance of the data points to be compared with the background whose main con-
is not very high, as shown by the large error bars in Fig.ttibution comes from atmospheric neutrinos. The shaded
The role of the energy resolution is however importanégion shown in Fig. 2 refers to the theoretical prediction
also in view of future gamma-ray telescopes, like CTAgr the atmospheric neutrino flux as we explain below.
whose design is currently being discussed by the scienfollowing the estimates of [42, 21, 2] the atmospheric
tific community. neutrino flux above 1 TeV can be approximated as:

In addition to all this, it is worth keeping in mind that
the Fermi satellite is expected soon to provide anoth :
crucial bit of informationtz this debate, in t%at the level OS%:Tﬁ(EV) S/ 108(@) TeVSom s sr
detection (or the non detection) should clarify the issue of (12)

a leptonic or hadronic origin for the gamma ray emissidhith an uncertainty of 40% due to the experimental er-

from RX J1713.7-3946, independent of the shape of i on the primary CR spectrum and composition and on
high energy cutff (see the low energy part of Fig. 1). ~ theoretical models of hadronic interactions. Notice that

the background flux also depends on zenith angle due to

the diferent thickness of atmosphere to be crossed by cos-
3. Neutrino signal mic rays coming from dferent directions. This depen-

dence is included in the thickness of the shaded region by

The computation of the neutrino flux in the absence 8¥eraging on all possible neutrinos’ incoming directions
neutrino oscillations was carried out in the assumption € [11] for a detailed description of the mean uncertain-
perfect isospin symmetryi(o ~ @, ~ ®,-), which leads ti€s in the neutrino flux determination). Notice that for

to equal neutrino and antineutrino fluxes of a given flavétmospheric neutrinos we neglect the contribution of os-

Ev -37

The neutrino flux at the Earth is relateddq through [27, §6-1]' )
the oscillation probabilities: With respect to Eq. (12) the atmospheric background
shown in Fig. 2 is rescaled to a solid angle corresponding
@, (E,d) = Z Py (E, d) @° (E) (10) to a cone of semi-aperture 0.5 degrees. The motivation
V| ] ] vy .

for choosing this value of the angle is twofold: it repre-
sents a reasonable estimate for the angular resolution of
The transition probabilitiesP;., are in general func-a neutrino telescope at these energies, and it also corre-
tions of energy and travel length, but since at the enéponds to approximately the angular size of the shell of
gies considered here the oscillation lengths are very shidX J1713.7-3946. A smaller value of the aperture angle
compared with the typical size of a SNR, the oscillationould imply a better chance to detect the signal than esti-
probability can be space averaged. The resulting fluxated below.
v, crossing the Earth, not taking into account absorption,In the following we specialize our predictions to the
is: case of &n? neutrino telescope, for which the neutrino
detection occurs by measuring the Cherenkov light from
®,, = P, @) +Pg,@) =040) +02d7,  (11) v-induced muons produced by charged-current interac-

I'=eu,t
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Figure 2: Fluxes of photons and neutrinos (plus anti-nea#) from Figure 3: Neutrino event rate per year from RX J1713.7-3846d line)
RX J1713.7-3946 predicted in the hadronic scenario. Batbtednic as a function of muon energy threshold for a neutrino telesaceith 1
and muonic neutrinos contributions are shown. The shadgdreep- kn? effective area. The dashed line shows the event rate expeoted fr
resents the range of theoretical predictions for the atimersp muonic atmospheric neutrinos integrated in a cone of semi-age@t6?.

neutrino (plus anti-neutrino) flux integrated in a cone ahsaperture

0.5°.

computed for a fixed Earth thickness resulting from av-
) . . eraging over the observation time [19],(E,, Ew) is the
tions of v, andv, in the matter just below the detector, o, yield, namely the probability that a neutrino with
For the computation of the production ratespoénd u, energyE, produces a muon with enerd§, > Eg, that
we follow the method of Ref. [19]. crosses the detector area. This is obtained by integration

~ Since neutrinos can only be detected when the SOURR the muon energ§,, of the neutrino interaction cross
is below the horizon of the detector, we introduce an avelstion multiplied by the muon rang&(E., Ex):
s .

age live-time of the source, in the form of a paraméfer

representing the fraction of time during which this condi- E doec

tion is satisfied. For a neutrino telescope as ANTARES " = PH,0 Na £ dE, E(Ev’ Eu) R(E,. En) . (14)

and RX J1713.7-3946 as the source, one can estimate "

fiy ~ 78% [19]. On the other hand, absorption of neutrd3erepn,o is the water density anlda is Avogadro’s num-

nos while crossing the Earth leads to an energy dependit Both the muon range in water and the neutrino inter-

reduction of the detected flux. In fact the Earth becom@gtion probability are taken from [19]. The latter is cal-

opagque to neutrinos at energis > 1 PeV (wheno be- culated by using the deep inelastic scattering formula for

comes larger than 18 cn?). For neutrino energies ofthe charged-current cross-section., and the distribu-

~ 100 TeV (10 TeV) the signal is reduced by about 20890 functions of partons as calculated by [29].

(5%). In Fig. 3 the solid line shows the resultimfg + N for
Taking into account these twdfects, the number of A= 1k andT = 1yras afunction of the energy thresh-

gion represents the muon background produced by atmo-
N, = fiy A Tf‘” dE, ,(E,) Y,(E, Eqy) X spheric neutrinos, which can be cqmputed as a fL_mction
= of the energy threshold, by substituting Eq. (12) into
[1-a(E))], (13) Eg. (13). The resultis normalized to an aperture angle of
0.5°, for the reasons explained above. The uncertainties
with a similar equation holding fd¥;. In Eq. (13).a,(E,) represented by the shaded region have the same origin as
is the mean cd@cient for neutrino absorption throughor Fig. 2.
the Earth, including only charged-currentinteractiond an The spectrum of neutrinos from RX J1713.7-3946



Table 1: Comparison between the expected signal and thesptradc fit t(.) the data Wlthm a leptonic .Scenarlo CO.U|d .OI’.lly pe
neutrino background. The last column shows the observéitioa (in achieved by considerably reducing the particle injection
years) required to obtain a signal from RX J1713.7-3946 wigignifi-  efficiency, through fine-tuning of the only free parameter
cance level of 3. of our calculations¢, as defined ir§2.1. Moreover, in
order for the leptonic model to fit HESS data at all en-
En(GeV) N NSHS yrs() ergies one is foprced to require the presence offausk
100 4.4 4.7 2.16 background of infrared light exceeding that observed in
500 28 13 144 the interstellar medium by more than a factor 20. These
1000 19 057 141 requirements become less stringent if one decides not to
include in the fit the highest energy HESS data points,
which strongly constrain the maximum energy of the ra-

dominates the atmospheric background at energies ab%'\"?lémg electrons.

~ 300 GeV. In Table 1 we report the time (in years) (ﬂ‘
observation needed to obtain a signal with significan%:
level of 3, assuming a simple Poisson distribution o
events and a unit detectioffieiency. One can see that i
RXJ1713.7-3946is indeed a hadronic accelerator a sig
at the 3 level could be seen in about 2 years of observ
tion at energies above 500 GeV.

ince the discrimination between the two models,
8dronic and leptonic, is based on such a tricky region
om the observational point of view, we decided to ad-
ress here the issue of how well the photon energies need
O%Pe reconstructed at the telescope in order to tell the
gl erence between the predictions of a leptonic and a
adronic model. The issue is of particular importance
since the dferent predictions are of relevance in the en-
ergy region where the particle spectra (and the gamma ray
4. Conclusions spectrum) are already sharply falling and a small statis-
tical uncertainty in the energy determination may have
In this paper we described the impact of non lineaizable implications on the shape of the observed spec-
diffusive shock acceleration for the gamma ray and neéwm. Our calculations show that a statistical uncertainty
trino production in SNRs. The intricate connection béa the energy determination larger than about 30% would
tween particle acceleration, magnetic field amplificatioimhibit the possibility to discriminate between a hadronic
dynamical reaction of the particles and magnetic field, andd a leptonic interpretation of TeV data. Of course a sys-
the radiation produced by the accelerated particles (elemmatic uncertainty would strengthen the problem. These
trons and protons) in principle allow, if taken at face valupoints need to be taken into account for the design of fu-
to impose strong constraints on the ability of SNRs tare telescopes, such as CTA. Needless to say that the ob-
accelerate cosmic rays. An instance of how to use tBisrvation of TeV emitting SNRs with the Fermi gamma
powerful tool was provided in [30], where particle acray telescope will definitely contribute to settle the debat
celeration was described in terms of the non linear thExis should certainly be the case for RX J1713.7-3946
ory of Refs. [5, 6]. The magnetic field amplificatior(see also [30]).
was assumed to be due to resonant streaming instabiln the absence of clear multifrequency evidence how-
ity and both the dynamical reaction of the accelerateder, the smoking gun that SNRs af@aent cosmic ray
particles and of the amplified field were taken into aaccelerators can only be provided by the unambiguous
count. The basic conclusion reached in [30] is that tlietection of neutrinos. Here we used the same non lin-
hadronic interpretation of the HESS data automaticalyar theory of particle acceleration to infer the number of
leads to a downstream magnetic field which is in agregeutrino induced muons inkar® neutrino telescope. The
ment with that inferred from X-ray observations if thélux is compared with the appropriate background of at-
rims of non-thermal emission are interpreted as the resulbspheric neutrinos. At the distance of RX J1713.7-3946
of synchrotron losses. The non-thermal X-ray spectruamd assuming a hadronic interpretation of HESS data, we
as measured by Suzaku [38], was also reproduced witledict that a 8 detection should be achieved by
unprecedented accuracy. On the other hand, a satisfactaytrino telescope at the Antares’ location (which is in
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