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Possible GRB observation with the MAGIC Telescope
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Dipartimento di Fisica & I.N.F.N. — Padova — Italy.

(for the MAGIC Collaboration)

Abstract. The MAGIC Telescope, with its reflecting parabolic  In addition, the careful design of the supporting cradle of
dish of 17m of diameter and its careful design of a robust, MAGIC allows rapid repointing of the telescope, as reported
lightweight, alto-azimuthal mount, is an ideal detector for in Martinez (1999). In fact, in the hypothesis of handling si-
GRB phenomena. The telescope is an air Cherenkov telemultaneously the procedure for the single panel realignment
scope that, even in the first phase, equipped with standar@active optics), in case of a significantly different zenithal po-
PMTs, can reach an energy threshold beRwseV. The sition of the incoming GRB, and the procedure of download-
threshold is going to drop well below0 GeV in the en-  ing new trigger tables to deal with a higher rate (see Bastieri
visaged second phase, when chamber PMTs will be substiet al. (2001)), together with the azimuthal repointirgf ¢
tuted by high quantum efficiency APDs. The telescope carfor a half-turn), we easily get that, on average, MAGIC can
promptly respond to GRB alerts coming, for instance, from observe the GRB location aftéf s since its recognition by,
GCN, and can reposition itself in less than 30 seconds, 2Gor example, GCN (see Barthelmy (2000)). Given the short
seconds being the time to turn half a round for the azimuthduration of GRB events, at least in the high-energy region,
bearing. In this report, the effective area of the detector aghe rapid repositioning of MAGIC telescope may show to be
a function of energy and zenith angle is taken into accountof the utmost importance for the observation of gamma ray
in order to evaluate the expected yearly occurrence and thbursts.

response to different kinds of GRBs. In this work we intend to provide some quantitative pre-
dictions on GRB observation with the MAGIC telescope. As
a first step we determine the skipservabilityof MAGIC, a
guantity expressed as the product of steradians times the ef-
fective time (in hours) of possible observation. This quantity

The MAGIC Telescope is characterised by the lowest, envis-mcely fits into subsequent calculations of GRB occurrence

aged, energy threshold for ground detectors and by the abiIit)ZrObab'“ty’ that need several hypothese_s on GRB emission
. pectra and, above all, the MAGIC effective area for gamma
to revolve very fast on both alto-azimuthal axes. These two . :
. X induced showers as a function of energy and of zenith angle.
features may be exploited for GRB follow-ups in the gamma
region.
First of all the energy threshold is somewhat beftvzeV
even in the first phase. This number is very important be-

cause, as can be seen, for instance, in figure 2 of Kneiske . . .
9 Several constraints are set in order to check the olgbket

al. (2000), cosmological GRBs should be affected, in their L . . X . .
N : servability, i. e. if at a given time a given region of the sky is

emission spectra, by the absorption of gamma-rays above . ]
. . o Observable by MAGIC. The constraints used are:

this energy by diffuse background radiation. An accurate

measure of the GRB energy spectrum and the extrapolation

of a cutoff energy can lead, in principle, to infer the distance

to the phenomenon, in the hypotheses of suffering mainly

from external background absorption and following a proper

model for GRBs (see, for example, Mannhestral. (1996)

and references therein).

Correspondence tdD. Bastieri (denis.bastieri@pd.infn.it) — the Moon should be away of at least®90

1 Introduction

2 Object observabilityfor MAGIC

— the Sun must be below the horizon of at least;10
— there should be no clouds;

— there should be no strong wind;
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Monthly Observability for MAGIC Telescope ]
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Fig. 1. In this plot four different data series appear. Each series is binned for an amount of time roughly equal to a month and its height is
expressed igrad x hr. It was obtained summing up all thens of minutesproperly multiplied for the size of the relative area, in which
MAGIC could observe. The four series are respectivebgervability(i. e. the produckrad x hr) when the Sun is below10°, when the

humidity is below 100%, when the wind blows slower thieihm /s and when the Moon, above the horizon, is at least 8@ away (see
discussion in the text).

2.1 Sky binning 2.2 Sun and Moon ephemerides

For the computation we need to divide the sky into different The first constraint was that there was enough darkness. We
“bins”. The sky seen by MAGIC, at least in the fores@&f  assumed, quite roughly, that this condition could be trans-
phase, is roughly a spherical cap of & opening centred on  |ated into the Sun being below the horizon of at least, 10
the zenith. This cap is sliced into 6 zones (a “zone” being thegr more than 100 of zenith angle. Sun ephemerides were

surface area of a spherical segment), each of which containgaiculated every ten minutes starting from midnight of Jan-
10° of zenith angle. These zones are further subdivided along,ary 15t, 2000 until midnight of Decembe¥1st, 2000 using

chosen meridians in order to make areas of roughly the samgoyas?.

siz€. . In a similar way Moon ephemerides were calculated start-
So, for example, the zone comprised between&® 60 g with the data provided by NASA JBLGiven the large
of zenith angle is cut into 6 areas, each covefing49 srad. amount of CPU time involved in the calculation, Moon po-
The first area of each zone is chosen to have the local meridsjion was checked only after the Sun was found to be suf-
ian of 0 of azimuth in its centre, and all the bins used for the ficiently set and weather conditions allow observations (see
calculation are listed in table 1. next paragraph: 2.3). For what concerns the Moon, we as-
sumed that observation in a given bin were possible if the
Moon, above the horizon, was at least @part from the bin

| zenith angle| nr. of bins | area (srad)|

60, 50 6 0.1495

%50, 40% 5 0.1549 centre.

[40, 30] 4 0.1570

(30, 20] 3 0.1543 2.3 Weather conditions: humidity and wind speed

(20, 10] 2 0.1417

[10, 0] 1 0.0955 Weather conditions were checked exploiting InterN@T

Weather Archivean online, browsable, archive that contains

Table 1. Number and area of bins of a given zone. weather data logged at the Roque de Los Muchachos, and up-

Each bin contains the number @is of minutes a day *NavalObservatoryV ectorAstrometrySubroutines, is auite
during which observation in a given sky area was possiblesf functions for the computation of astrometric quantities, dis-
Data were then summed up on a monthly or yearly base angiputed by the US Naval Observatory. To g¢®VAS follow the
results are plotted in figures 1 and 2 and are explained in thénks starting fromhttp://www.usno.navy.mil
caption of the figures themselves. 2ftp://navigator.jpl.nasa.gov/ephem/export
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3 Yearly rate of GRB detection

Yearly Observability for MAGIC Telescope | Given theobservabilityfor each area in which we have sub-
g o — divided the sky, finding the yearly rate is a quite straightfor-
g 280 ward recipe, that needs only three main ingredients.
5 260 777&\_\ //| P g ’

240 ‘xr/‘/./ . 3.1 GRB signal: detected photons

220

200 First of all we have to evaluate the possilsignalin each

280 bin, that is we select a GRB model, or better, its spectral flux

= bin at 60°

L & bin at50° Feri(E,t): the number of gammas of enerd@ythat reach
140 bin at 30° the ground at time per unit time per unit area; then, if the
120 « Dinat20] GRB occurred in a sky area at a zenith anglethe number
00 e 100 0 20 280 a0 aso of detected gammas in the bin obeys the formula:
azi of bin centre (deg)
Fr20s Ecut~300 GeV
Fig. 2. Yearly observabilityexpressed asad x hr. On the abscissa 5(0) = / dt dE A(FE,0) Fare(E, 1) (2)
the azimuth(0° = N — 90° = E) of the bin centre. Data show 10s B ~10 GeV

that bins at South are less favourable for observation, an obvious
effect due to the Moon. Data for each zenith angle are summed ugvhere A, (E, ©) is the effective area for gamma detection,
in table 2. Lines joining data are meant only to be a visual aid togg explained in Blancht al. (2001).

group together related markers. The integration limits aré0s, that is the average time lag

between GRB identification on satellite and MAGIC point-
. . . ing (see section 1Xf“, a characteristic time of the GRB (in
dated every 5 minutes since Februaty, 1997. Two fields according with the BATSE catalog, Paciesasl.(1999), we
were interesting to us, namely, the humidity and the absolutq.a, set this value arourtth s and still retain a discrete num-
wind speed. Humidity se.ts a cut to our observations if it is ber of GRB events of roughly 50 per yeaB, the MAGIC
around 100%, and the wind speed should be below/s energy threshold anH..,;, the cutoff energy of the GRB, due

to avoid large oscillations of the MAGIC Telescope. 4, hackground absorption. Unluckily, effective area studies
Weather cuts were applied just before the calculation ofgre gtill on-going and it thus makes no sense, now, such a fine
the Moon position.

treatment.
| As a first guess, we can use for the spectral flux a power
2.4 Results law with spectral indexx = —2.5, in agreement with data

published in the BATSE Catalog (Preeeeal. (2000)). For
what concerns the time evolution, we assume that the flux
remains constant untif’, and zero afterwards. In these hy-
potheses, the data in figure 3 can be promply integrated in

Data plotted in figure 2 may be summed up to give the total
number of hours that a given zone is observable in a year.

zenith angle yea(rily 0}?3' E to give a factor of 6, once scaled to a typical EGRET en-
(srad  r) ergy of 300 MeV. This “6” must be multiplied by a typi-
[gg’ig] iggg cal EGRET-detected flux (expressedHn x m~?) to give
%40’ 30} 967 the rate of MAGIC-detected photons in the interjddls, 7.
[30’ 20] 642 Typical reported fluxes are of the order bof- 100 Hzm ™2,
[20: 10] 393 so that the expected signal is roughily- 600 Hz.
[10, 0] 132
[ Total | 4963 | 3.2 Observable GRBs
Table 2. Total observabilityintegrated over the year. In addition, we have to calculate the number of observable

GRBs. This humber can be found looking up into the BATSE
These results are reported in table 2, where the hours of2tl0g for GRBs with durations longer thans. Figure 8
observation are multiplied by the zone size. The total of " Paciesa®t al. (1999) shows that roughly 250 obey this
roughly 5000 srad x hr gives an idea of the duty-cycle, in requirement, or a total of 50 bursts per year. Assuming that
fact the whole sky spans aservabilityof 47 x 365 x 24 ~ they are equally Qistributed in thg sky, the actual numper of
110000 srad x hr, meaning that the observable GRBs are, for |0"9""GRBS on sight by MAGIC in a year may be obtained

MAGIC, 4.5% of the total occurring bursts multypling this number by the ratio of MAGIGbservability
o ' and thetotal observability(~ 110000) as stated in paragraph
3Follow the links athttp://www.not.iac.es . the NOT  2.4. Theresultis that only 2 to 3 “long”-GRBs happen in the

homepage. MAGIC field of view.
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Effective area |

T ol oy LT
g E e annnininl Fig. 3. This plot contains data on the ef-
:_". r / & M fective area obtained by means of Mon-
© s v tecarlo techniques, as detailed better in
& /V Y Blanchet al. (2001). On-going studies
= will cover the range betweerf @nd 60
o] / v of zenith angle. The simulation, based
Y E v on CORSIKA, handles correctly show-
o ers roughly below 30, while needs fur-
a ther checks for a desirable extension
107 E=f v ~a gamma0° dealing with showers further beyond
- L, ® . . .
£ —4—gamma ?0° this point. Data obtained at 45are
B . v Gamma45° merely indicative, but are a respurto
: ‘ ‘ —————— investigate the behaviour at large zenith
1 15 2 25 3 . -
Log(E in GeV) angle, given the big differences among
the plotted curves.
3.3 Signal to Noiseatio Archivg the US Navy for providingNOVAS, the suiteof C-func-

tions for the computation of astrometric quantities and the NASA
The third and last ingredient is the noise. For MAGIC and JPL people for providing Sun and Moon ephemerides. The devel-
GRB observations, “noise” are hadronic showers, that arepment and construction of the MAGIC Telescope has been mainly
believed to occur with a rate dfs0 Hz. Even with a mod-  supported by the BMBF (Germany), CYCIT (Spain), INFN and
erate gamma/hadron separation, MAGIC believes to reach IURST (Italy).
@ factor of improvement on the S/N ratio of 5 at low ener-
gies. In these hypotheses, the calculation of the S'gn'f'cancﬁeferences

o leads to:
IS - Barthelmy, S. D., “GCN: Recent Developments”, to appear in the
c=Q—\/T —10s (2) Proc. of Gamma-Ray Burst in the Afterglow E Workshop,
2\ Roma, October 1720, 2000.

putting everything inside we obtain the final valueofx Bastlerl,"D.’ilat all., I“A I\Ngl'\té/lvilhpitjgl-t(ﬂlg%gr;f;rlthgzl\élA%glteb-
7.5 x (1 = 100) well above the characteristic value of 5 re- _ SCOP€", NUCL InStr. & Meth. =), 921623, :

( ) . Blanch, O., Gonalez, J. C., Kornmayer, H. for the MAGIC Coll.
quested for a detection.

.. . . “Detailed Montecarlo studies for the MAGIC Telescopes”, these
Summarising the content of this section, we found that proceedings P

in the MAGIC field of view should happen from 2 to 3 de- kpeiske T. M., Mannheim, K. and Hartmann, D., “Evolving stellar
tectable GRBs per year. background radiation and gamma-ray optical depth”, to appear
in the Proc. of the Heidelberg International Symposium on High
. Energy Gamma-Ray Astronomy, Heidelberg, June 26-30, 2000,
4 Conclusions astro-ph/0011013.

. . . Mannheim, K., Hartmann, D. and Burkhardt F., “The Gamma-Ray
The studies here presented are neither conclusive nor ex- gt rate at high photon energies’, Astroph. Jour., 467, 532—

haustive, but nevertheless show clearly the potential for GRB 536 1996.
observation with the MAGIC Telescope. Further data onmartinez, M. for the MAGIC Collaboration, “The MAGIC tele-
gammas from higher zenith angles and data on hadron back- scope project”, Proc. ai6'® ICRC, Salt Lake City, August 17—
ground are still needed. The Montecarlo production is, how- 25,1999, D. Kied&t al.eds., vol. 5, 219-221, 1999G 4.3.08.
ever, running and updated results will be shown during the'The Fourth BATSE Gamma-Ray Burst Catalog (Revised)” Pa-
conference. ciesas, W. Set al, Astroph. Jour. Suppl. Ser., 122, 465-495,
19909.
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