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A B S T R A C T 

The detection of the very early gamma-emission of a Type Ia supernova (SNIa) could provide a deep insight on the explosion 

mechanism and nature of the progenitor. Ho we ver, this has not been yet possible as a consequence of the expected low luminosity 

and the distance at which all the events have occurred up to now. An SNIa occurring in our Galaxy could provide a unique 
opportunity to perform such a measurement. The problem is that the optical flux would probably be so attenuated by interstellar 
extinction that it would prevent triggering the observations with gamma-spectrometers at the due time. In this paper, we analyse 
the possibility of using the anticoincidence system (ACS) of the spectrometer SPI on board of the INTEGRAL space observatory 

for detecting the early gamma-ray emission of an SNIa as a function of the explosion model and distance, as well as of pointing 

direction. Our results suggest that such detection is possible at about 6–12 d after the explosion, and at the same time, we can 

discard missing any hidden explosion during the lifetime of INTEGRAL . 

K ey words: supernov ae: general – transients: supernovae – gamma-rays: stars. 
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 I N T RO D U C T I O N  

ype Ia supernovae (SNIa) are one of the most energetic explosion
vents in the universe, with luminosity magnitudes comparable to
he ones from galaxies. These types of supernovae are identified by
he lack of H lines and for having strong Si lines in the early spectra
Filippenko 1997 ). The optical light curve of SNIa peaks at about 20 d
fter the explosion and decreases by 3 mag after one month. They
re the consequence of the thermonuclear explosion of a C/O white
warf (WD) that accretes mass from a companion in a close binary
Hoyle & Fowler 1960 ). The disco v ery of sev eral subtypes of SNIa
hese last years may be explained by SNIa possibly having more
han one kind of progenitor scenarios and explosion mechanisms
Hillebrandt & Niemeyer 2000 ; Maoz, Mannucci & Nelemans 2014 ;
sern et al. 2021 ). 

Even though the progenitor system and explosion mechanism of
uch events are not yet pro v ed, one thing is known to be sure about
NIa: their optical luminosities are powered by the decay chain

6 Ni → 

56 Co → 

56 Fe. 56 Ni is synthesized during the rapid C/O
urning and it fuels the explosion by the release of high-energy
amma-ray photons that heat the debris and power the optical and
nfrared light curves of the event (see Colgate & McKee 1969 ). The
etection of gamma-ray lines from this decay can give clues about
he kinematics and morphology of the explosion (Burrows & The
990 ; Gomez-Gomar, Isern & Jean 1998 ; Jean et al. 1999 ; Milne
 E-mail: caixach@ice.cat 

t  

t  

t  

Pub
t al. 2004 ; Isern, Bra v o & Hirschmann 2008 ). The most prominent
ines from 

56 Ni decay are 158, 480, 750, and 812 keV, and from
6 Co decay are 847 and 1238 keV. They can be detected once the
jecta is thin enough in order for the gamma-ray photons to escape
ithout getting thermalized. The decay of 56 Co has a mean lifetime
f ∼111 d and its lines can be detected right after the maximum of
he optical light curve and the following months. The intensity and
roadening of the lines give information about the composition of
he inner layers. On the other hand, the decay of 56 Ni has a mean
ifetime of ∼8.8 d, which makes the detection of its gamma-ray lines
omehow trickier, as for some explosion models, the opacity of the
ebris is too high for the photons to be able to escape without being
bsorbed. Ho we ver, if there are radioactive elements in the outer
ayers, this gamma-ray emission can give the needed light to the
tudy of the early stage of SNIa. 

The closer SNIa ever detected in gamma-rays is SN2014J. It was
isco v ered by F osse y et al. ( 2014 ). It was found in M82 at a distance
f 3.5 Mpc. SPI instrument on board of INTEGRAL (INTErnational
amma-RAy Laboratory) collected gamma-rays from day 16.3 to
64 after the explosion. The detection of 56 Ni and 56 Co lines of this
earby event allowed to pro v e the usefulness of gamma detection to
iagnose the dynamics and composition of the ejecta (Churazov et al.
014 ; Diehl et al. 2014 ; Isern et al. 2014 ; Churazov et al. 2015 ; Isern
t al. 2016 ). The analysis of these observations not only confirmed the
ypothesis that the light curve was powered by the disintegration of
he 56 Ni radioactive chain but also allowed to compute in a direct way
he total amount of 56 Ni synthesized during the event. Furthermore,
he y showed, une xpectedly, that ∼ 0 . 05 M � of 56 Ni was present in
© 2022 The Author(s) 
lished by Oxford University Press on behalf of Royal Astronomical Society 
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Figure 1. Gamma-ray flux variation for model W7 (blue) and DDTe (red) at 
a distance of 8 kpc from day 5th to day 200th after the explosion. 

Figure 2. Gamma-ray spectra for day 9th of the models, W7 (blue) and 
DDTe (red) at 8 kpc. A label on top of each line is added to indicate if they 
are from 

56 Ni or 56 Co decay. 
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he outer layers, forming a non-spherical structure. The non-spherical 
tructure was indicated by the display of redshifted and high intensity 
ines of 56 Ni in the early spectrum. 

A Galactic supernova would be ideal for more detailed studies, 
specially if detected during the rising epoch of the light curve. The
xpected rate is estimated to be 1 . 4 + 1 . 4 

−0 . 8 events per century (Adams
t al. 2013 ) in the case of SNIa, and it is important to realize that the
alactic plane is transparent to gamma-rays for which reason events 

everely obscured by dust can be detected in gamma. Therefore, 
aking into account that INTEGRAL has been operating during ∼20 yr
he probability that such an event has occurred during this period is
ot negligible. 
The anticoincidence system (ACS) of SPI is used not only to reduce

he background of SPI but also to monitor the sky for possible sources
hanks to its large field of view and its spectroscopic capabilities 
Vedrenne et al. 2003 ). Jean et al. ( 1999 ) proposed the use of the SPI-
CS to search for Galactic classical novae, Von Kienlin, Arend & 

ichti ( 2001 ) to locate Gamma-ray bursts (GRBs), and Rodr ́ıguez-
as ́en et al. ( 2014 ) to study solar flares. The scope of this paper is to

tudy the ability of SPI-ACS to detect Galactic Type Ia supernovae 
s soon as possible (Wang, Fields & Lien 2019 ) and, in addition, to
crutinize the presence of its signature in the already recorded ACS
ata. 
This paper is organized as follows: In Section 2, we present 

he supernova models used to simulate the detection by the ACS.
ection 3 describes the ACS data used for this study. The simulation
ethod and the results of the analyses to estimate the sensitivity of

he ACS are presented in Section 4 . Section 5 is dedicated to the
earch for SNIa signature in the existing SPI/ACS data. Finally, in 
ection 6 , we present the discussion and conclusions. 

 SUPERNOVA  M O D E L S  

wo models of SNIa, DDTe and W7, have been used for testing
he possibility of detection by ACS/SPI. The spectra as a function 
f time of these models were obtained with one-dimensional (1D) 
imulations as in Gomez-Gomar et al. ( 1998 ). These models were
ompared with those obtained from SN 2011fe and SN 2014J by the
nstruments on board of INTEGRAL (Isern et al. 2013 , 2014 ). Both
re compatible with the upper limits deduced for SN 2011fe, but the
N 2014J case demands further considerations since the early spectra 
resented some features that were better interpreted by introducing 
on-spherical structures. 
The DDTe is a sub-luminous SNIa model. It describes a situation 

n which the burning front starts as a deflagration that turns out
nto a detonation when it reaches a critical density. As a result,
he material is processed into Fe-group and into intermediate-mass 
lements. This model ejects 0.51 M � of 56 Ni with a kinetic energy
f 1.09 × 10 51 erg. The W7 model is a normal luminous SNIa model
Nomoto, Thielemann & Yokoi 1984 ). In this model, a flame ignited
ear the centre propagates subsonically, thus allowing the expansion 
f the star and leaving some unburnt material. The W7 model, in
articular, is characterized by a small portion of unburnt C–O and a
arge mass of burnt intermediate-mass elements. This model ejects 
.56 M � of 56 Ni with a kinetic energy of 1.24 × 10 51 erg. Fig. 1
isplays the light curve of both models for SNIa at 8 kpc. They have
een obtained by integrating the spectrum models from 6 to 3684 keV
or an SNIa at 8 kpc. 

Fig. 2 displays the gamma-ray spectra of both models in a 
ogarithmic scale during the 9th day after the e xplosion. Ev en at
uch early stages, the 750 and 812 keV 

56 Ni lines decay are visible,
ncluding several features from the 56 Co decay. 
The slow rising signal of the DDTe model as compared to that
f W7 is a convenient property for exploring if the differences in
uminosity have an impact on the detection sensitivity. In order to
nalyse the detection sensitivity as a function of SNIa distance, 
odels were placed at distances in a range of 4–16 kpc. For each
odel, the output flux is provided with an energy resolution of

.5 keV, in the interval 6–3684 keV. The spectra were calculated 
ith a frequency of 1 d from days 5 to 200 after the explosion,

lthough just the spectra derived for the first few days were used and
nterpolated, as the main goal is to study the detection of the rising
ignal as soon as possible. For further details about the models’ data
reparation, see Section 4 . 

 T H E  A N T I C O I N C I D E N C E  SYSTEM  (ACS)  O F  

PI  

he ACS of SPI aims first to reduce the instrumental background in
he germanium detectors due to charged particles and gamma-rays 
oming from outside the spectrometer’s field of view. It is composed
MNRAS 513, 2814–2821 (2022) 
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Figure 3. Ef fecti ve area (cm 

2 ) of SPI for energies of 0.081, 0.8, and 3.5 MeV 

for all pointing directions in the sky. The ef fecti ve area is lower for regions 
where z = 0 ◦ and the energies are low, and this is due to SPI being masked 
by IBIS. 
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f an active shield made with 91 scintillator blocks 1 in bismuth
ermanate (BGO) and a plastic scintillator, optically coupled to
hotomultiplier tubes (see Von Kienlin et al. 2001 , for a detailed
escription of the SPI ACS). When a particle releases energy in a
cintillator block, a veto signal is generated and transmitted to the
n-board digital acquisition system. By this way, the active shield
llows to remo v e ev ents produced in coincidence by particles that
eposit energy in the shield and in the germanium detectors. The
CS veto rate is recorded with a sampling period of 50 ms and is

ensitive to photons releasing energy � 80 keV in a scintillator block.
The ACS of SPI is also used to monitor astrophysical sources. For

nstance, its large detection area allows the detection of GRBs and
t is part of the INTEGRAL burst alert system providing the GRB
ocation in the sky by triangulations with other space-borne GRB

onitors (Von Kienlin et al. 2001 , 2003 ; Savchenko et al. 2017 ). A
iant outburst from the soft gamma-ray repeater SGR 1806-20 was
isco v ered in 2004 by the analysis of the ACS rate (Borkowski et al.
004 ; Mereghetti et al. 2005 ). Rodr ́ıguez-Gas ́en et al. ( 2014 ) and
ros et al. ( 2004 ) explored the capabilities of the SPI ACS to study

olar flares. Jean et al. ( 1999 ) proposed to use SPI ACS to search for
he hard X-ray and gamma-ray emission from classical novae in our
alaxy (see also Siegert et al. 2018 ). For this purpose, they computed

he ef fecti ve area of the SPI ACS with GEANT 3 for energies ranging
rom 80 to 500 keV and a rough angular binning. 

For the present study, we re-calculated the response of the SPI
CS with GEANT 4, using the same INTEGRAL mass model, for
nergies ranging from 80 keV to 3.5 MeV and with a binning of 10 ◦

or the zenithal and azimuthal angles (see Fig. 3 ). The mass model
f INTEGRAL (see Fig. 4 ) was developed by Ferguson et al. ( 2003 ).
t includes the SPI mass model developed by the SPI collaboration
see Sturner et al. 2003 ). For a given photon energy, the response was
alculated assuming a point source at infinity (i.e. parallel beam) at
 given angular position, by counting the number of events with
ner gy deposit lar ger than the threshold of 80 keV. The ef fecti ve area
s equal to the number of triggering events divided by the number of
imulated photons and multiplied by the exposed area, perpendicular
o the parallel beam, in the simulation. The values of the ef fecti ve area
btained in this way are close (within ∼±30 per cent) to the previous
nes; e.g. ∼397 cm 

2 for E > 100 keV at a zenith angle of 100 ◦ and
n azimuth angle of 0 ◦, compared to the value of 340 cm 

2 close to
he SGR 1806-20 position (see Mereghetti et al. 2005 ). They are also
n agreement with the ef fecti ve areas calculated by Rodr ́ıguez-Gas ́en
t al. ( 2014 ) (e.g. differences are less than 5 per cent), who used the
ame INTEGRAL mass model to estimate the gamma-ray flux from
ome selected solar flares. 

The ACS of SPI also provides the saturating event rate, defined as
he rate of events released in the BGO blocks with energy � 150 MeV.
he ACS saturating event rate, unlike the ACS rate, is not affected
y low energy particles from the radiation belt, from solar flares, or
rom gamma-ray sources that emit mainly in the low energy gamma-
ay range (i.e. E < 100 MeV). Consequently, that makes it a good
racer for monitoring the cosmic ray intensity at the spacecraft level.

hen the spacecraft is not affected by these low-energy events, the
emporal behaviour of the ACS saturating rate is concordant with
he total ACS rate. Fig. 5 shows the average ACS rates and the
verage ACS saturating rates for some revolutions since the launch
f INTEGRAL . In order to a v oid the effects of radiation belts, the
ates shown are the rates averaged over the first to the third quarter
f each revolution. Fig. 5 shows that the total and saturating rates
NRAS 513, 2814–2821 (2022) 

 Only 89 blocks are active (see Savchenko, Neronov & Courvoisier 2012 ) 

b  

R  

(  
ollow a linear relation, although the linear coefficients may slightly
hange due to slight changes of the high energy particle spectrum
mpinging the ACS. The saturating rate can therefore be used to trace
he variation of the ACS rate without source contribution and be used
s background model to our study (see Section 4.2 ). 

 SI MULATI ONS  A N D  A NA LY S E S  

.1 Simulated count rate 

he count rate (CR), counts per second, from a source located at a
enithal and azimuthal angles θ and ϕ in the SPI frame at the instant
 can be defined as: 

 sn ( t) = 

∑ 

E i 

F ( E i , t) · S eff [ E i , θ ( t) , ϕ( t)] · �E (1) 

here F ( E i , t ) (counts cm 

−2 s −1 keV 

−1 ) is the flux for a given energy
nd time, S eff [ E i , θ ( t ), ϕ( t )] is the ef fecti ve area (cm 

2 – i.e. the
esponse matrix) of the ACS and � E is the size of the energy
in (keV) of the spectrum. Overall it provides the rate in counts/s,
 sn , that would be produced by an SN model. Two SNIa models

see Section 2 ) have been simulated, the W7 model and a delayed
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Figure 4. Mass model of INTEGRAL used to calculate the response of the 
ACS of SPI (in green) with GEANT 4 (see text). 

Figure 5. Total and saturating event rates of the ACS of SPI averaged for 
some revolutions since the launch of INTEGRAL (see text). 
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etonation model (DDTe), with an energy binning of 0.5 keV and a
ime binning of 80 s to provide enough resolution. Furthermore, the 
odels have been scaled to Galactic distances of 4, 6, 8, 10, 12, 14,

nd 16 kpc. 
The response matrix has been computed by Monte Carlo simula- 

ions (see Section 3 ). It gives the effective area for energies in the
ange of 81 keV to 3.5 MeV, with an azimuthal resolution of 20 ◦ and
 zenithal resolution of 10 ◦. 

An interpolation of the response matrix is used to take into account
he influence of the pointing variation during each revolution on the
f fecti ve area for each energy event reaching the satellite. INTEGRAL 

rovides for each revolution the right ascension (RA) and declination 
Dec) of the x -axis of the instrument and the RA and Dec of the z -
xis. For running the tests, we fix the RA and Dec of the simulated
ource and we take into account the angular evolution of the source
ith respect to the x - and z -axis of the instrument to obtain the local

oordinates and, finally, the ef fecti ve area. 
INTEGRAL provides ACS data throughout the lifetime of the 

atellite for each orbital revolution. The ACS rate from a chosen
evolution is added as a background to the SN model to make the
imulated count rate realistic. We choose revolutions without strong 
ackground variations due to solar flares or early entrance in radiation 
elts. Each revolution has a duration between 2 and 3 d and the time
f each revolution (and the SN model) is binned in intervals of 80 s.
efore adding the ACS rate to the SN model rate, the first one needs

o be converted from measured rate to true rate by taking into account
he dead time δt of 0.6 μs (Savchenko et al. 2012 ): 

 bck = 

R m 

R m 

· δt − 1 
, (2) 

here R bck is the true background rate and R m 

is the measured rate
xtracted from the data. The rate R sn produced by the SNIa, computed
ith equation ( 1 ), is added to the true background rate to yield to the

otal rate R tot . The final simulated rate, R sim 

, is obtained with 

 sim 

= 

R tot 

1 + R tot · δt 
, (3) 

o take into account the dead time of the ACS. 

.2 Detection of the superno v a signal 

nce the ACS rate produced by the supernova is simulated, we aim to
tudy the sensitivity of the SPI ACS to detect the earliest gamma-ray
ignature of our SN models within a galactic distance. Two methods
ave been tested. 
The first one consists of an ‘ON/OFF’. It analyses a previous

djacent window (or interval) in the data, called the ‘off’ window,
hich represents a null hypothesis, and the subsequent window with 

he same size, the ‘on’ window, which represents an hypothetical 
ource (Li & Ma 1983 ). A rising of significance is expected when
he ‘on’ window has a rapid increase of flux compared to the previous
of f’ windo w. This method, ho we ver, has been discarded as the
ignificance of the detections is not high enough. Indeed, when that
ethod is applied, the rate in the ‘off’ period contains the low signal

rom events produced in the ACS by the rising gamma-ray emission
rom the SNIa. The background rate is therefore o v erestimated. The
ontribution of the rising signal in the background rate reduces the
ignificance of the detection. 

The second method estimates the detection of the rising signal of
he supernova by fitting the intensity of the supernova rate and the
arameters of a background rate model to the SPI/ACS data. This
ethod takes into account two assumptions. The first one considers 

hat the background rate model ( r bck ) is a linear function of the ACS
aturating ( R sat ) event rate: 

 bck = 

R sat − c 

f 
, (4) 

ith c and f as free parameters. The saturating event rate (rate
CS saturating) is the rate of events with energy released in the
MNRAS 513, 2814–2821 (2022) 
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Figure 6. Display of the SN model rate with revolution number 1752 added 
as background in green. The background rate, without the SN signal, is shown 
in black. The best-fitting model to the SN with background rate is shown in 
red. F or this e xample, the rising of the SN rate is appreciated and allows the 
detection time to be at 6.73 d. 
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GO blocks with energies � 150 MeV (see Section 3 ). The second
ssumption is that the rate produced by the rising gamma-ray flux of
he supernova can be described as the following power law: 

 sn = I · ( t/ 5) β, (5) 

here I is the intensity and t is the time of the model. Both are free
arameters. The power-law model is justified by the shape of the
amma-ray light curves when the emission is rising (see Fig. 1 ). The
lope of the power-law β is equal to 18.9 for the W7 model and 14
or the DDTe one. These two dif ferent v alues of the slope do not
mpact on the results very much. 

With these two assumptions, we obtain a total model r mod = r bck 

 r sn , where r bck is the background model [see equation ( 4 )] and
 sn is the supernova signal model [see equation ( 5 )]. The best-fitting
arameters ( I , c , and f ) are the ones that minimize the chi square
alculated as 

2 = 

∑ 

(
R sim 

− r mod ( I , c, f ) 

σacs 

)2 

+ 10 ( f − f 0 ) 
2 + 

( c 

2000 

)2 
, (6) 

here R sim 

is the simulated ACS rate [see equation ( 3 )] and σ acs is
he standard deviation of the model and the ACS data. The second
nd third terms in the sum are penalty functions that a v oid wrong
est-fitting values of the parameters f and c . Without those penalty
unctions, the minimization process could converge towards local chi
quare minimum yielding to abnormal values of the parameters of
he background model, f and c . It sometimes occurs when the signal
f the supernova is strong. The parameter f 0 in equation ( 6 ) is an
stimated mean value of the factor that scales the ACS total rate with
he ACS saturated rate (see Fig. 5 and Section 3 ). The factors 10 and
000 in equation ( 6 ) were chosen to limit the variations of f and c on
 reasonable range of values. 

From these results, we can estimate the detection date. To do
o, we first estimate the quality of the background model ( r bck ) by
omputing a residual ( δ): 

= 

R sim 

− r bck 

σacs 
. (7) 

hen, this residual is smoothed to a v oid a false detection due to a
ingle short time scale spike in the data. 

We consider that the supernova signal is detected when the
ollowing conditions are satisfied: (1) t acs > t start + 0.5 d; (2) δ >

. Where t acs is the time of the data, the sigma level is set to 3, and
 start is the date at which the ACS data starts to be recorded at the
eginning of an orbital revolution of INTEGRAL . The addition of
alf a day in the first condition aims to remo v e significant count rate
xcess induced by high energy particles when INTEGRAL goes out
f the radiation belts, after its perigee. 
This procedure is done to test the DDTe SN model and the W7 SN
odel o v er 275 revolutions. These rev olutions ha ve been taken along

he lifetime of INTEGRAL to find the earliest time of detection. Each
f them has the following available data: A CS rate, A CS saturating
ate, rate time, RA and Dec of the INTEGRAL X -axis, RA and Dec of
he INTEGRAL Z -axis. The ACS rate is used as simulated background
o the models, as mentioned in Section 4.1 . The ACS saturating event
ate is used on this analysis to estimate the background ACS rate and
etect the supernova signal, as mentioned previously in this section.
ach revolution has a length of 2–3 d that we fixed to ≈2 d as we
ut the initial hours of data because most of them still contain some
NRAS 513, 2814–2821 (2022) 
oise from the radiation belt phase. 2 A same length of the supernova
odel is cut in order to compute the simulated count rate. The initial

ime of the computed count rate equals to a time ranging from day 4th
o 6th of the SNIa model, for earlier days the flux’s model is not high
nough to make a contribution to the ACS rate. This initial time, from
th to 6th, is chosen randomly to give more realistic circumstances
o the analysis. 

When the count rate with a length of 2 d is analysed, two things
ay happen: a supernova signal detection is found or not. If a

etection is found in the count rate then the revolution number,
he time detection and its significance are saved. In case it is not, we
roceed to analyse the consecutive 2 d of the computed count rate,
hich would account for the two following days of the SNIa model,
sing the subsequent revolution as its background. This procedure is
epeated until a detection is found or until we reach an initial time
f the count rate higher than the 10th of the SNIa model. When
his point is reached, we start the process again with an initial count
ate time ranging from 4th to 6th but with a different revolution as
ackground and so on. An example output of this method is shown in
ig. 6 , where the count rate is computed using the DDTe model with
evolution number 1752. The computed disco v ery date is at 6.73 d
ith ≈ 67 σ , which is coherent if we make a visual e v aluation of the

ount rate data. 
In some cases, due to high background or too many changes in

ointing direction in the same revolution, the rising of the SN model
oes undetected, but on the follo wing re volution, as the SN model
ux is higher with time, the flux is too high to find a good fit. In these
ases, an inspection of the data makes clear that there is a high rising
ignal and the satellite would recognize it as such. We want to count
hese cases as late detections, so a condition is created whereby, if
he maximum of the SNIa signal is larger than 8.5 per cent of the
ean ACS rate, the detection time is sav ed ev en if the fit is not good

nough. 
The analysis of the count rate has been performed for each of the
odels (DDTe and W7) for distances of 4, 6, 8, 10, 12, 14, and 16 kpc.
or each distance and model, several pointing directions have been

ested to reproduce different galactic areas backgrounds and to check
he variability of the detection on different positions in the Galaxy.
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Figure 7. Top panel shows the distribution of the disco v ery dates for the W7 
model at l = 0 ◦ and b = 0 ◦ for distances of 4 kpc (red) and 16 kpc (black). 
Bottom panel displays the same for the DDTe model. 
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Figure 8. Mean disco v ery dates v ersus distance for model W7 (top panel) 
and longitude (bottom panel). 
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3 The residuals were smoothed with a hanning window of 1.5 h to reduce 
the number of detections due to GRBs and false detections due to statistical 
fluctuations. 
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he pointing directions, in galactic coordinates of longitude ( l ) and
atitude ( b ), are l = 0, 45, 90, and 180 ◦ for b = 0 ◦. All the positions
ave the same value of latitude of b = 0 ◦. The reason for this fixed
atitude is that the location for these events in our Galaxy would be
n regions of old population stars, which are in the old disc and in a
pheroid centred to the Galactic Centre. Therefore, they would likely 
ccur at ±15 ◦ from the galactic plane. As seen in Fig. 3 , the response
f the ACS does not change significantly with the direction of the
ource (except for low energies). Hence, simplifying the latitude to 
 = 0 ◦ is good enough for our study. 

.3 Results 

ollowing the methodology explained in Section 4.2 , the time 
etection for the W7 and DDTe models placed at distances of 4, 6, 8,
0, 12, 14, and 16 kpc and at positions l = 0, 45, 90, and 180 ◦ with
 = 0 ◦ has been computed. An example of two different distances, 4
nd 16 kpc, and l , b = 0 ◦ is shown for models W7 and DDTe in Fig. 7 ,
op and bottom panels, respectiv ely. F or both models, the number of
etections for higher distances is lower due to the lower flux. 
The mean value of the distribution is computed and shown for all

istances and pointing directions in Fig. 8 for the W7 model and
ig. 9 for the DDT model. The time of the early signal detection
or each distance is coherent with the flux ∝ distance −2 relation, as
or further distances the detections are later due to lower flux. The

7 model has a slightly earlier detection for each case because of
ts faster rise compared to the DDTe one. The position of the source
s not rele v ant for the early detection of the model, as it does not
hange for each longitude tested, see bottom panels of Figs 8 and 9 .
hese results are due to the fact that INTEGRAL observatory has
een pointing in various directions during the ∼15 yr of observation
nd that the equi v alent field of vie w of the ACS/SPI is very large, so
he position of an SNIa in the sky does not show any effect. 

 SEARCH  O F  SNIA  S I G NATU R E  IN  T H E  

PI /AC S  DATA  

e performed a systematic search for an SNIa signature in the
CS rate with the data available at the date of the analysis: 1868

e volutions from re volution 26 to revolution 2063. The analyses
ere made for each revolution using ACS data rebinned with a

ampling period of 18 s. The detection of an SNIa signature is
riggered when the smoothed residuals 3 obtained after subtraction 
f the background model (see section 4.2 ), are larger than 5 σ up to
he end of the analysed revolution. This criterion, which was chosen
or its simplicity, allows the detection of a flux rising with a long
imescale as to the one expected from an SNIa (e.g. see Fig. 6 ). A
rst analysis of all data yielded to a lot of detection due to background
MNRAS 513, 2814–2821 (2022) 
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M

Figure 9. Mean disco v ery dates versus distance for model DDTe (top panel) 
and longitude (bottom panel). 
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Figure 10. Example of measured and modelled ACS rates (top) and the 
residuals (bottom) for the revolution 1342. The imperfect modelling of the 
ACS rate at the end of the revolution, when INTEGRAL enters into radiation 
belts, produces a smoothed residual excess larger than 5 σ . 
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4 see website: https://www.nasa.gov/press- release/nasa- selects- gamma- ray- 
telescope- to- chart- milky- way- evolution 
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ariations, which spans up to the end of a revolution, that were not
ell modelled with the ACS saturating event rate. Those background
ariations are due to low energy particles of the radiation belt or from
olar events. The signature of such particles is clearly seen in the data
f the INTEGRAL Radiation Environment Monitor (IREM), which
easures the flux of particles with energy > 0.5 MeV for electron

nd 10 MeV for proton (Hajdas et al. 2003 ). The counter TC3 of
he IREM reproduces well the variations of ACS rate produced by
ow energy charged particles of radiation belts. In order to reduce
he number of detections due to low energy particles, we added the
ate of the TC3 counter in the background model for this specific
nalysis. 

With such a detection method, we counted 58 revolutions with
NIa signature. Ho we ver, all of them are detected at dates larger

han ∼2.2 d after the beginning of the revolution. These excesses are
xplained by an imperfect modelling of the enhancement of the rate
roduced by low energy particles impinging on the scintillators of
he ACS when INTEGRAL enters into the radiation belt at the end of
ts orbital revolutions (e.g. see Fig. 10 ). 

 C O N C L U S I O N S  

his study demonstrates the capability of the ACS/SPI to detect
 galactic supernova during its early stages. Two theoretical SNIa
odels with different luminosities rising times, W7 and DDTe, have
NRAS 513, 2814–2821 (2022) 
een used in order to e v aluate the influence on the time of the
etection. For such a purpose, we have developed a method to detect
he signature of the rising flux emitted by a supernova and to derive a
etection date as quickly as possible. Using simulations of the count
ate produced by the source models and the measured background
CS rates of 275 orbital revolutions of INTEGRAL , we have found

hat our method allows to disco v er a galactic SN as soon as 6 d up to
2 d after explosion, depending on the distance and model. 
The simulated sources have been placed at several distances

from 4 to 16 kpc), several galactic longitudes, and zero latitude.
he disco v ery date increases with the distance, as the flux of the
odelled sources is smaller. This result follows the distance flux

elationship. On the other hand, the galactic longitude of the source
as no influence on the disco v ery date, which is logical taking into
ccount the large field of view of the ACS/SPI. 

As the disco v ery date depends on the flux, we hav e found there
s a slightly different range of disco v ery dates for the two models.
he DDTe model is a sub-luminous SN Ia model and the W7 is a
ormal luminous one. The lower luminosity of the DDTe resulted in
 detection range of approximately half-day later than the W7. Using
ur detection method, we have analysed all the available ACS/SPI
ata from the beginning of the INTEGRAL mission to now and we
ave not found any signature of a galactic SNIa, suggesting no event
as been missed. 

This method is not able to provide a position of a source but it
an provide an early alert to acti v ate others in orbit or ground-based
bservatories to quickly browse the sky in search for it. In any case,
he collected data would pro vide v ery important information about
he early development of the supernova outburst, no matter if the
vent is detectable in any other energy range. INTEGRAL is in its
ast stages of life and the results obtained here suggest that future

issions should consider the possibility of using the ACS as an all-
ky detector by improving its sensitivity, as much as possible. The
ew space telescope COSI, 4 which is expected to launch in 2026,
ill observe the gamma-ray sky in the 200–5 MeV range (Tomsick

t al. 2022 ). It will be equipped of a compact Compton telescope
ade with germanium detectors and of an ACS made with BGO
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cintillators as for SPI. With its large field of view ( ∼25 per cent
f the sky) and its pointing strategy, COSI will monitor the entire
ky within a day. Both the Compton telescope and the ACS will be
ensitive to the gamma-ray emission of a galactic SNIa. 
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