
ar
X

iv
:1

50
8.

04
90

2v
1 

 [a
st

ro
-p

h.
H

E
]  

20
 A

ug
 2

01
5

Astronomy& Astrophysicsmanuscript no. magicnova c©ESO 2015
August 21, 2015

Very-high-energy γ-ray observations of novae and dwarf novae
with the MAGIC telescopes

M. L. Ahnen1, S. Ansoldi2, L. A. Antonelli3, P. Antoranz4, A. Babic5, B. Banerjee6, P. Bangale7, U. Barres de
Almeida7,26, J. A. Barrio8, J. Becerra González9,27, W. Bednarek10, E. Bernardini11,28, B. Biasuzzi2, A. Biland1,
O. Blanch12, S. Bonnefoy8, G. Bonnoli3, F. Borracci7, T. Bretz13,29, E. Carmona14, A. Carosi3, A. Chatterjee6,

R. Clavero, P. Colin7, E. Colombo9, J. L. Contreras8, J. Cortina12, S. Covino3, P. Da Vela4, F. Dazzi7, A. De Angelis15,
G. De Caneva11, B. De Lotto2, E. de Oña Wilhelmi16, C. Delgado Mendez14, F. Di Pierro3, D. Dominis Prester5,

D. Dorner13, M. Doro15, S. Einecke17, D. Eisenacher Glawion13, D. Elsaesser13, A. Fernández-Barral12, D. Fidalgo8,
M. V. Fonseca8, L. Font18, K. Frantzen17, C. Fruck7, D. Galindo19, R. J. García López9, M. Garczarczyk11, D. Garrido

Terrats18, M. Gaug18, P. Giammaria3, N. Godinovíc5, A. González Muñoz12, D. Guberman12, Y. Hanabata20,
M. Hayashida20, J. Herrera9, J. Hose7, D. Hrupec5, G. Hughes1, W. Idec10, H. Kellermann7, K. Kodani20, Y. Konno20,

H. Kubo20, J. Kushida20, A. La Barbera3, D. Lelas5, N. Lewandowska13, E. Lindfors21, S. Lombardi3, F. Longo2,
M. López8, R. López-Coto12, A. López-Oramas12, E. Lorenz7, P. Majumdar6, M. Makariev22, K. Mallot11,

G. Maneva22, M. Manganaro9, K. Mannheim13, L. Maraschi3, B. Marcote19, M. Mariotti15, M. Martínez12, D. Mazin7,
U. Menzel7, J. M. Miranda4, R. Mirzoyan7, A. Moralejo12, D. Nakajima20, V. Neustroev21, A. Niedzwiecki10,

M. Nievas Rosillo8, K. Nilsson21,30, K. Nishijima20, K. Noda7, R. Orito20, A. Overkemping17, S. Paiano15, J. Palacio12,
M. Palatiello2, D. Paneque7, R. Paoletti4, J. M. Paredes19, X. Paredes-Fortuny19, M. Persic2,31, J. Poutanen21,

P. G. Prada Moroni23, E. Prandini1,32, I. Puljak5, R. Reinthal21, W. Rhode17, M. Ribó19, J. Rico12, J. Rodriguez
Garcia7, T. Saito20, K. Saito20, K. Satalecka8, V. Scapin8, C. Schultz15, T. Schweizer7, A. Sillanpää21, J. Sitarek10, 12∗,

I. Snidaric5, D. Sobczynska10, A. Stamerra3, T. Steinbring13, M. Strzys7, L. Takalo21, H. Takami20, F. Tavecchio3,
P. Temnikov22, T. Terzíc5, D. Tescaro9, M. Teshima7, J. Thaele17, D. F. Torres24, T. Toyama7, A. Treves25,

V. Verguilov22, I. Vovk7, M. Will 9, R. Zanin19, R. Desiante2, and E. Hays33

(Affiliations can be found after the references)

ABSTRACT

Context. In the last five years theFermi Large Area Telescope (LAT) instrument detected GeVγ-ray emission from five novae. The
GeV emission can be interpreted in terms of an inverse Compton process of electrons accelerated in a shock. In this case itis expected
that protons in the same conditions can be accelerated to much higher energies. Consequently they may produce a second component
in theγ-ray spectrum at TeV energies.
Aims. We aim to explore the very-high-energy domain to search forγ-ray emission above 50 GeV and to shed light on the acceleration
process of leptons and hadrons in nova explosions.
Methods. We have performed observations with the MAGIC telescopes ofthe classical nova V339 Del shortly after the 2013 outburst,
triggered by optical and subsequent GeVγ-ray detections.We also briefly report on VHE observationsof the symbiotic nova YY Her
and the dwarf nova ASASSN-13ax. We complement the TeV MAGIC observations with the analysis of contemporaneousFermi-LAT
data of the sources. The TeV and GeV observations are compared in order to evaluate the acceleration parameters for leptons and
hadrons.
Results. No significant TeV emission was found from the studied sources. We computed upper limits on thespectrumand night-by-
night flux. The combined GeV and TeV observations of V339 Dellimit the ratio ofproton to electron luminositiesto Lp . 0.15Le.

Key words. Novae: cataclysmic variables - Gamma-rays: stars - Binaries: general - Stars: activity

1. Introduction

A classical nova is a thermonuclear runaway leading to the ex-
plosive ejection of the envelope accreted onto a white dwarf
(WD) in a binary system in which the companion is either fill-
ing or nearly filling its Roche surface (Bode & Evans 2008;
Starrfield et al. 2012; Woudt & Ribeiro 2014). They are a type of

∗ Corresponding authors: J. Sitarek (jsitarek@uni.lodz.pl),
W. Bednarek (bednar@uni.lodz.pl), R. López-Coto (rlopez@ifae.es)

cataclysmic variable, i.e. optically variable binary systems with
a mass transfer from a companion star to WD. Novae are typi-
cally detected first in optical observations when the brightness of
the object increases by 7-16 magnitudes. A thermal X-ray con-
tinuum is often seen in the energy spectra of novae. Symbiotic
novae, like classical novae, are initiated by a thermonuclear ex-
plosion on the surface of the WD. However in the case of symbi-
otic novae the WD is deeply immersed in the wind of a late-type
companion star (see e.g. Shore et al. 2011, 2012).
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The diffusive shock acceleration at the blast wave of sym-
biotic novae was expected to accelerate particles up to ener-
gies of a few TeV (Tatischeff & Hernanz 2007). In 2010 the first
GeVγ-ray emission was detected by theFermi Large Area Tele-
scope (LAT) from the symbiotic nova V407 Cyg (Abdo et al.
2010). Theγ-ray emission can be explained in terms of lep-
tonic or hadronic models (Abdo et al. 2010; Ackermann et al.
2014). The local radiation fields create a target for the inverse
Compton (IC) scattering of the electrons. Protons accelerated
in the same conditions can interact with the matter produc-
ing γ-rays via proton-proton interactions. Several models have
been put forward to explain the GeV radiation. For instance,
Sitarek & Bednarek (2012) attribute the GeVγ-ray emission to
the IC process on the strong radiation field of the red giant. The
same model predicts a second component in the TeV range due
to proton-proton interactions with the wind of the red giant. Al-
ternatively,Martin & Dubus (2013) consider acceleration of lep-
tons and hadrons in the nova shock. In that model the magnetic
field, which determines the acceleration efficiency, is obtained
assuming an equipartition with the thermal energy density up-
stream of the shock resulting in the maximum energy of protons
estimated to be∼ 300 GeV. The GeVγ-ray emission is then ex-
pected mostly from leptonic processes, namely the IC scattering
of the nova light by the electrons accelerated in the shock.

In the last three yearsFermi-LAT has discovered GeV
γ-ray emission from four additional novae, V1324 Sco,
V959 Mon, V339 Del, and V1369 Cen (Cheung et al. 2013b;
Ackermann et al. 2014). In additionFermi-LAT has reported
V745 Sco and Nova Sgr 2015 No. 2 as lower significance can-
didates (Cheung et al. 2014a, 2015). Most of these sources are
classical novae. Contrary to the symbiotic ones, they do notex-
hibit a strong wind of the companion star, but still they all show
similar spectral properties. In classical novae particle accelera-
tion can occur, for example, in a bow shock between the nova
ejecta and the interstellar medium or in weaker internal shocks
due to inhomogeneity of the nova ejecta (Ackermann et al.
2014). In particular, the orbital motion of the system can shape
the nova ejecta into a faster polar wind and a slower region
of denser material along the equatorial plane (Chomiuk et al.
2014). Metzger et al. (2015) suggest that theγ-ray emission
might come from hadronic interactions of a faster outflow with
an ejected shell.

So far no very-high-energy (VHE;E >100 GeV)γ-ray emis-
sion has been detected from any nova event. VERITAS observa-
tions of the symbiotic nova V407 Cyg beginning 10 days after
the nova explosion yielded a differential upper limit on the flux
at 1.6 TeV of 2.3× 10−12 erg cm−2 s−1(Aliu et al. 2012).

Since late 2012 the MAGIC collaboration has been conduct-
ing a nova follow-up program in order to detect a possible VHE
γ-ray component. At first the program focused on symbiotic no-
vae. After the reports of the detection of GeV emission from
classical novae by theFermi-LAT the program was extended
also to bright classical novae and opened up to additional out-
bursts from other cataclysmic variables.

In this paper we report on the observations performed with
the MAGIC telescopes of V339 Del and present an updated
analysis ofFermi-LAT data contemporaneous with those obser-
vations. In Section 2 we describe the MAGIC telescopes and
the Fermi-LAT instrument. The observations of V339 Del are
presented in Section 3. In Section 4 we discuss the results of
the GeV-TeV observations of V339 Del in terms of a hadronic-
leptonic model. In addition to the classical nova V339 Del,
MAGIC observed also dwarf nova ASASSN-13ax and symbi-
otic nova YY Her. Neither GeV nor TeVγ-ray emission was

detected from those two sources. The upper limits on these two
objects are summarized inthe online-onlyAppendix A while the
main textof the paper focuses on V339 Del.

2. Instruments

V339 Del and the other outbursts observed by MAGIC were first
detected and observed by optical instruments. The analysisof
quasi-simultaneousFermi-LAT observations provides additional
context for the MAGIC results.

2.1. MAGIC telescopes

The VHE γ-ray observations were obtained using the MAGIC
telescopes. MAGIC is a system of two 17 m Cherenkov tele-
scopes located on the Canary Island of La Palma at a height
of 2200 m a.s.l.(Aleksić et al. 2016a). The telescopes record
γ-rays with energies above∼50 GeV. The sensitivity of the
MAGIC telescopes in the best energy range (& 300 GeV) is∼
0.6% of Crab Nebula flux in 50 h of observations (Aleksić et al.
2016b). The data were analyzed using the standard analysis
chain (Zanin et al. 2013; Aleksić et al. 2016b). The significance
of a γ-ray excess was computed according to Eq. 17 from
Li & Ma (1983). The upper limits on the flux were calculated
following the approach of Rolke et al. (2005) using 95% confi-
dence level (C.L.) and accounting for a possible 30% systematic
uncertainty on the effective area of the instrument (Aleksić et al.
2016b).

2.2. Fermi-LAT

The Fermi-LAT, a space-based, pair-conversion telescope, de-
tects photons with energies from 20 MeV to> 300 GeV
(Atwood et al. 2009). We analyzed the LAT data in the energy
range 100 MeV− 300 GeV using an unbinned maximum likeli-
hood method (Mattox et al. 1996) as implemented in theFermi
Science Tools v9r32p5. We applied the P7REP_SOURCE_V15
LAT Instrument Response Functions (IRFs) and used the as-
sociated standard Galactic and isotropic diffuse emission mod-
els matched to the Pass 7 reprocessed Source class event se-
lection1. We selected events within a region of interest (ROI)
of 15◦ in radius centered on the LAT best-fit position reported
by Ackermann et al. (2014) for V339 Del and required a maxi-
mum zenith angle of 100◦ to avoid contamination by Earth limb
photons. Because some of the LAT data were acquired during
pointed mode observations, we applied an appropriate filter2, se-
lecting good quality data at times when either the rocking angle
was less than 52◦ or the edge of the analysis region did not ex-
ceed the maximum zenith angle at 100◦. Sources from the 2FGL
catalogue (Nolan et al. 2012) located within the ROI were in-
cluded in the model used to perform the fitting procedure.

3. Observations of V339 Del and results

V339 Del was a fast, classical CO nova detected by optical
observations on 2013 August 16 (CBET #3628), MJD 56520.
The nova was exceptionally bright reaching a magnitude of

1 The P7REP data, IRFs, and diffuse models (gll_iem_v05_rev1.fit and
iso_source_v05.txt) are available at http://fermi.gsfc.nasa.gov/ssc.
2 http://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Cicerone/
Cicerone_Likelihood/Exposure.html
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Fig. 1. Multi-wavelength light curve of V339 Del during the outburst
in August 2013. Top panel: Optical observations in the V bandobtained
from the AAVSO-LCGa service. Middle panel: TheFermi-LAT flux
(filled symbols) and upper limits (empty symbols) above 100 MeV in 1-
day (circles, thin lines) or 3-day (squares, thick lines) bins. A 95% C.L.
flux upper limit is shown for time bins with TS<4. Bottom panel: Upper
limit on the flux above 300 GeV observed with MAGIC telescopes. The
gray band shows the observation nights with MAGIC. The dashed gray
line shows a MAGIC observation night affected by bad weather.

a http://www.aavso.org/lcg

V∼ 5 mag (see top panel of Fig. 1), and it triggered follow-
up observations at frequencies ranging from radio to VHEγ-
rays. Photometric measurements suggest a distance for V339
Del of 4.5± 0.6 kpc (Schaefer et al. 2014). Nearly a month after
the optical detection, X-ray emission was detected in the 1–10
keV energy band bySwift/XRT (Page et al. 2013). Afterwards,
the object became a low energy X-ray source with most of the
photons detected in the 0.3–1 keV energy range (Osborne et al.
2013). The object shows large amplitude variations and a 54 s
quasi-periodic oscillation in the soft X-ray energy band. These
are possibly explained by the spin of the white dwarf or an
oscillation in the nuclear burning rate (Beardmore et al 2013;
Ness et al. 2013). The spectroscopic observations performed on
2013 August 18 revealed emission wings extending to about
±2000 km/s and a Balmer absorption component at a velocity
of (600± 50) km/s (Shore et al. 2013b). The pre-outburst optical
images revealed the progenitor of nova V339 Del to be a blue
star (Denisenko et al. 2013).

Originally, MAGIC observations of V339 Del were moti-
vated by its extreme optical outburst. The subsequent detec-
tion of GeV emission by theFermi-LAT from the direction of
V339 Del added incentive for VHE observations. MAGIC ac-
quired data starting on the night of 2013 August 16 but these
were marred by poor weather. The good quality data used for
most of the analysis spans 8 nights between 2013 August 25
and September 4. The total effective time was 11.6 h. In addition
to the nightly upper limits we performed a dedicated analysis
of the poor-quality (affected by Calima, a dust layer originating
from Sahara) night of 2013 August 16. We applied an estimated
energy and collection area correction based on LIDAR measure-
ments (Fruck et al. 2014). No VHEγ-ray signal was found from
the direction of V339 Del. We computed night-by-night integral
upper limits above 300 GeV (see bottom panel of Fig. 1) and dif-
ferential upper limits for the whole good quality data set inbins
of energy (see Section 4).

Nova V339 Del was the subject of aFermi Target of Op-
portunity (ToO) observation (Hays et al. 2013) triggered bythe
optical discovery (CBET #3628); a pointed observation favoring
the nova started on 2013 August 16 and lasted for 6 days. The
γ-ray emission from V339 Del was first detected byFermi-LAT
in a 1-day bin on 2013 August 18 (Ackermann et al. 2014). The
emission peaked on 2013 August 22 and entered a slow decay
phase afterwards (Fig. 1). We fitted the flux for the light curves
shown in the middle panel of Fig. 1 by assuming a power-law
spectral model with the normalization left free to vary and the
photon index fixed to a single value. We selected a fixed value
for the photon index of 2.3 by calculating the average of the most
significant 1-day bins (Test Statistic values TS>9)3.

The spectral energy distribution (SED) for V339 Del shown
in Fig. 2 was extracted in 5 logarithmically spaced energy bins
from 100 MeV to 100 GeV. Similarly to the light curves, energy-
binned data shown in Fig. 2 were fitted using a power law and
calculating a 95% C.L. upper limit for bins with TS<9. In the
period coincident with the MAGIC observations (2013 August
25 to September 4), theFermi-LAT spectrum can be described
by a power law with an index of 2.4 ± 0.2 and flux above 100
MeV of (0.15± 0.04)× 10−6 ph cm−2 s−1. Only statistical error
is included since that dominated over systematic error in these
data. The spectral fit for this period had a TS of 49 and did
not permit a constraint on an exponential cut-off in energy. The
Fermi-LAT analysis for the full decay phase, 2013 August 22
to September 12 (MJD 56526-56547), provided a more signifi-
cant signal with a TS of 121 and a similar value of flux above
100 MeV, (0.13± 0.03)× 10−6 ph cm−2 s−1. The spectrum for
the longer time period was fitted by an exponentially cut-off
power law with an index of 1.4 ± 0.3 and a cut-off energy of
1.6± 0.8 GeV. The fit improved in significance by 3.3σ with re-
spect to a power-law model. The most energetic photon associ-
ated with V339 Del (89% probability for the best-fit model) had
an energyE = 5.9 GeV and was recorded on 2013 August 30,
i.e., within the time period covered by the MAGIC observations.

4. Modeling of γ-rays from nova V339 Del

Of the 3 objects observed by the MAGIC telescopes and dis-
cussed in this paper, V339 Del is the only one detected at GeV
energies by theFermi-LAT. Extensive optical observations pro-
vided constraints on thecompanion star and the photosphere of
the nova. Therefore it has the highest potential for constraining

3 The source significance (in sigmas) is∼
√

T S assuming one degree
of freedom
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protons are injected with a power law with a spectral index of1.5 and the cut-offs reported in the figures. Photosphere parameters (see Table1)
obtained from Metzger et al. (2015).

the leptonic and hadronic processes in novae, and we concen-
trate the modeling efforts on it. We follow the modified model of
Sitarek & Bednarek (2012). The original scenario was applied to
the symbiotic nova V407 Cyg. In that case the GeVγ-ray emis-
sion was attributed to IC of the electrons on the strong radiation
field in the vicinity of the red giant companion star. For V339
Del, however, the radiation field of the companion star is notas
strong. The photosphere of the nova provides a dominant target
for the IC process. Moreover, the wind of the companion star is
not as dense as in the V407 Cyg symbiotic system. Nevertheless,
if protons of sufficient energy are accelerated in the nova shock,
they can interact with the ejecta of the nova producing pionsthat
decay toγ-rays. As in Sitarek & Bednarek (2012) the GeVγ-ray
emission can be used to constrain the parameters describingthe
acceleration of the electrons, which are otherwise poorly known.
Protons will then be accelerated in the same conditions but up to
much higher energies due to lower energy losses.

In order to apply the above model we need to evaluate the
radiation field which is encountered by electrons at the timeof
the observations by MAGIC andFermi-LAT. First, we need to
estimate the parameters of the nova photosphere about 10 days
after the optical detection. The spectral evolution of the V339
Del was studied by Metzger et al. (2015). During the time of the
observations by the MAGIC telescope the reported temperature
of the photosphere was∼ 7000 K. In the early phases of the nova
(fireball stage) the optical observations were consistent with a
pseudophotosphere with a temperature of about 10000K. With
a reported optical luminosity of∼ 6 × 104L⊙ this corresponds
to a radius of the photosphere of 1.2 × 1013 cm (see Table 1).
Following the approach of Shore et al. (2013a) we also used a
second set of photosphere parameters, in which UV emission,

not available at this late stage of V339 outburst is estimated using
measurements of a similar source, namely OS And.

Let us consider a photosphere of a radiusRph =

1013Rph,13 cm and a temperatureTph = 104T4 K. The leptons
and hadrons are accelerated at a distance ofRsh = 1013Rsh,13 cm
from the photosphere. Assuming that the velocity of the shock
is ∼ 1000 km/s, similar to the one observed in another GeV-
emitting nova (Chomiuk et al. 2014), we estimate that duringthe
MAGIC observations the distance from the WD to the shock was
Rsh ∼ 1014cm. Theγ-rays with energyEγ = 10E10 GeV can be
produced via IC scattering in the Thomson regime of thermal
photons by electrons with energy of

Ee = 22× E1/2
10 / (T4(1+ cosβ))1/2 [GeV], (1)

whereβ is the angle between the electron and the direction to the
point on the photosphere where the thermal photon was emitted.
On the other hand, by comparing the energy losses from the IC
scattering with the acceleration rate we obtain a maximum en-
ergy for electrons of (see e.g. Sitarek & Bednarek 2012)

Ee,max = 13(ξ−4B)1/2Rsh/(T 2
4Rph) [GeV], (2)

whereB is the magnetic field at the shock (measured in Gauss),
andξ = 10−4ξ−4 is the acceleration coefficient. The acceleration
coefficient is defined by the acceleration timeτacc = 1 E/ξ−4B.
By comparing the above two formulae we obtain

ξ−4B = 2.9E10T
3
4R2

ph/(R
2
sh(1+ cosβ)). (3)

In the same conditions protons with energyEp (measured in
units of GeV) can be accelerated with a time scale of

τacc,p = 1Ep/(ξ−4B) = 0.34
EpR2

sh(1+ cosβ)

E10T 3
4R2

ph

[s]. (4)
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Table 1. Parameters characterizing the optical emission of V339 Del
(photosphere temperatureT4 × 104 K, radiusRph,13× 1013 cm and lumi-
nosityL) according to the two scenarios assumed in the modeling of the
GeV and TeV emission.

T4 Rph,13 L/L⊙
Metzger et al. (2015) 0.7 1.2 6× 104

optical+UV 1.3 0.4 8× 104

The acceleration can be limited by the dynamic time scale of
td ∼ 10 days (after which time most of the MAGIC observations
were performed) or by the energy losses of protons from thepp
collisions. The time scale of the latter can be computed as

τpp = (σppnHkc)−1, (5)

whereσpp ≈ 3× 10−26cm2 is the interaction cross section,nH is
the density of the nova ejecta, the inelasticity coefficient,k ≈ 0.5,
is the fraction of energy lost in each interaction, andc is the
speed of light. The density of the ejecta will decrease as thenova
shock progresses with the speed ofv = 103v3 km s−1 following

nH = 4.4× 1012M−5/(v3
3t3d) [cm−3], (6)

where 10−5M−5M⊙ is the total mass ejected during the outburst.
Thus,

τpp = 500(v3
3t3d)/M−5 = 780R3

sh,13/M−5 [s], (7)

where we used thatRsh = v(86400td) ≈ 8.6× 1013cm.
By comparing the acceleration and cooling time scales we

obtain

Ep = 2300
E10T 3

4R2
ph,13Rsh,13

(1+ cosβ)M−5
[GeV]. (8)

Using the parameters of the photosphere obtained by
Metzger et al. (2015) (see Table 1) a fortnight after the peakand
taking into account the break in the GeV spectrum at∼ 1.6 GeV,
it is plausible to expect protons to be accelerated at least up to
energies of∼ 1.6 TeV. The maximum energy of the protons is ex-
pected to be lower, 1.1 TeV, in the case of the second set of pho-
tosphere parameters computed from the combined optical and
UV fit.

The acceleration can be also limited by the dynamic time
scale instead of the hadronic interaction losses. By comparing
the dynamic time scale with the proton cooling time scale we
find that the former starts to dominate only after 13M1/2

−5 v−3/2
3

days. Therefore the accelerated protons will mostly cool down
on the time scale of the MAGIC observations due to energy
losses in hadronic interactions. The normalization of bothcom-
ponents is determined byLp/Le, i.e. the ratio of the total power
of accelerated protons to that of electrons.

We used the numerical code of Sitarek & Bednarek (2012)
to model theFermi-LAT GeV spectrum and to compare the sub-
TeV predictions with the MAGIC observations. We consider that
the electrons and protons accelerated in Fermi-like acceleration
obtain a power-law energy spectrum with a spectral index of 1.5.
The spectra of electrons and protons cut off at energies deter-
mined by equations 2 and 8 respectively. In Fig. 2 we show the
predictions for leptonic or hadronic spectra compared withthe
Fermi-LAT and MAGIC measurements.

The Fermi-LAT spectrum can be described mostly by IC
scattering of the thermal photons in the nova’s photosphereby

electrons. The expected hadronic component overpredicts the
MAGIC observations at∼ 100 GeV by a factor of a few for the
case of equal power of accelerated protons and electrons (i.e.
Lp = Le). Using the upper limits from the MAGIC observa-
tions we can place the limit onLp . 0.15Le. We checked that
our results are unchanged when using radiation field parameters
resulting in a significantly different emission in the UV range,
which is not constrained by the observations of the V339 novaat
the time of the MAGIC observations.

The increased power in electrons compared to protons may
be related to how particles with different mass are injected in the
acceleration process.Interestingly, the appearance of energetic
e+e− pairs from nuclear decays produced in the nova explosion
could help to inject them preferentially into the shock acceler-
ation process. On the other hand, Schlickeiser (2003) suggests
that in a low-beta plasma acceleration of electrons is preferred
over protons if the particles are accelerated out of a thermal pop-
ulation. Both effects could lower theLp/Le ratio.

5. Conclusions

No VHE γ-ray emission was found from the direction of V339
Del. The contemporaneousFermi-LAT observations revealed
GeV emission from V339 Del. We modeled this GeV emission
as the IC of thermal photons from the photosphere by the GeV
electrons accelerated in the nova shock. We used theFermi-LAT
and MAGIC observations of V339 Del to constrain the number
of protons accelerated in the same conditions as the electrons
in the nova shock. The modeling shows that the total power of
accelerated protons must be. 15% of the total power of acceler-
ated electrons. MAGIC will continue to observe promisingγ-ray
nova candidates in the following years.
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Aleksić, J., Ansoldi, S., Antonelli, L. A., et al. 2016a, Astroparticle Physics, 72,
61–75
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Appendix A: (Online only) YY Her and
ASASSN-13ax

Two additional objects, the symbiotic nova YY Her and dwarf
nova ASASSN-13ax, were observed as part of the broader cam-
paign but neither was detected to have GeV or TeV emission. In
this appendix we report the values of the differential upper limits
from those two sources. TheFermi-LAT analysis was config-
ured as described for V339 Del with the ROIs centered on the
optical positions for YY Her and ASASSN-13ax. Data were se-
lected within the time windows reported, preceding the optical
peak and containing approximately the following two weeks of
observations. The region model was derived from the 2FGL cat-
alogue and contains all sources within 20◦ of the ROI center. The
spectra for YY Her and ASASSN-13ax were described using a
power law with the photon index fixed to 2.2. The flux normal-
ization for the source of interest and the normalization forthe
isotropic template were left free to vary while the other source
parameters were fixed, either to catalogue values or refittedval-
ues if the source flux was detected in the analysis window and
deviated by more than 1σ from the catalogue value. The upper
limits were calculated at 95% C.L. using the Bayesian method
provided with theFermi Science Tools4.

The upper limits from MAGIC observations were computed
in 5 bins per decade in energy. The photon spectral index as-
sumed for both sources was 2.6.

YY Her is a symbiotic nova system that undergoes a re-
current pattern of outbursts. MAGIC observations of YY Her
occurred on the night of April 22, 7 days after the optical
maximum. The observations were motivated by the symbiotic
nature of the source. In the absence of detectable emission,
flux upper limits at 95% C.L. were calculated to be 5.0 ×
10−12 ph cm−2 s−1 above 300 GeV. Emission was not detected
in the LAT over the interval 2013 April 10 to April 30 (MJD
56392.5 to 56412.5). Upper limits at 95% C.L. were calculated
to be 2.8× 10−8 ph cm−2 s−1 above 100 MeV. Differential upper
limits obtained from theFermi-LAT and MAGIC observations
of YY Her are summarized in Tab. A.1.

ASASSN-13ax is a member of a different class of cata-
clysmic variable, the dwarf novae, which are known for signifi-
cantly weaker optical outbursts (typically 2-8 magnitudes) than
classical novae. The source was observed by MAGIC due to
its very strong optical outburst of 7.7 magnitudes (Stanek et al.
2013). Instead of undergoing a thermonuclear explosion on the
surface of the WD, these outbursts are caused by the gravita-
tional energy release from an instability in the accretion disk
surrounding the WD. The MAGIC observations were performed
on two consecutive nights starting on 2013 July 4, soon afterthe
optical outburst seen on 2013 July 1. In the absence of detectable
VHE emission, upper limits at 95% C.L. were calculated to be
1.5 × 10−12 ph cm−2 s−1 above 300 GeV. Emission was not de-
tected in the LAT over the interval 2013 June 25 to July 15 (MJD
56468.5 to 56488.5). Upper limits at 95% C.L. were calculated
to be 1.6× 10−8 ph cm−2 s−1 above 100 MeV. Differential upper
limits obtained from theFermi-LAT and MAGIC observations
of ASASSN-13ax are summarized in Tab. A.2

4 http://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/python_tutorial.html

Table A.1. Differential upper limits on the flux from YY Her as mea-
sured by theFermi-LAT and MAGIC. The bins extend fromEmin to Emax

while the upper limit value is computed at the energy ofEUL .

Fermi-LAT, MJD: 56392.5-56412.5
Emin [GeV] Emax [GeV] EUL [GeV] FUL [TeV cm−2s−1]

0.100 0.316 0.178 6.1×10−12

0.316 1.00 0.562 4.2×10−12

1.00 3.16 1.78 4.7×10−12

3.16 10.0 5.62 1.2×10−11

10.0 100.0 31.6 1.5×10−11

MAGIC, MJD=56405
50.0 79.2 59.4 7.1×10−11

79.2 125.6 94.2 1.9×10−11

125.6 199.1 149.3 3.8×10−12

199.1 315.4 236.6 6.5×10−12

315.4 500.0 375.1 4.3×10−12

Table A.2. Differential upper limits on the flux from ASASSN-13ax as
measured by theFermi-LAT and MAGIC (see text for details). Columns
as in Table A.1.

Fermi-LAT , MJD 56468.5 - 56488.5
Emin [GeV] Emax [GeV] EUL [GeV] FUL [TeV cm−2s−1]

0.100 0.316 0.178 3.3×10−12

0.316 1.00 0.562 3.7×10−12

1.00 3.16 1.78 2.6×10−12

3.16 10.0 5.62 1.4×10−11

10.0 100.0 31.6 1.5×10−11

MAGIC, MJD: 56478-56479
79.2 125.6 94.2 1.2×10−11

125.6 199.1 149.3 1.2×10−12

199.1 315.4 236.6 1.7×10−12

315.4 500.0 375.1 7.3×10−13

500.0 792.4 594.4 1.1×10−12

792.4 1255.9 942.1 7.9×10−13

1255.9 1990.5 1493.1 9.1×10−13

1990.5 3154.7 2366.4 1.7×10−12

3154.7 5000.0 3750.5 9.3×10−13
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