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Abstract: The Short GAmma Ray Front Air Cherenkov Experiment (SGAREAG designed to search
for bursts ofy rays above 200 MeV lasting from 1 ns to 48. The custom-designed trigger and data-
acquisition system is coupled to the camera on the Whipphe tElescope, an air-Cherenkov telescope
in southern Arizona. The experiment has operated for mose & years during which time about 1
million events were recorded. Rejection of the cosmic-ragkground and of atmospheric phenomena
is accomplished through time-resolved imaging of the réedrCherenkov light. Potential sources of
bursts ofy rays are the final explosion of primordial black holes witalrout 200 pc ang-ray emission
accompanying giant radio pulses. Results of the searchxfilogions of primordial black holes will be
given in a future publication.

I ntroduction in the final stage of explosion. The types and «

ergy spectra of the emitted particle are well u
The SGARFACE experiment is designed to search derstood below the QCD confinement temperat
for bursts ofy rays on time scales from 1 nsto 16 of 7. ~ 160 MeV, corresponding to a hole ma
s and with energies above 200 MeV [1]. Bursts of of 6.6 x 10'3 g [5]. Above this temperature, i
~ rays with this energy may result from the evap- is unknown whether individual elementary par
oration of primordial black holes or from emis- cles will be emitted, or if a phase transition of tl
sion associated with giant radio pulses from pulsar- surrounding vacuum occurs and a thermodynal
wind nebulae, as has been observed in the opticalmodel of the emission is required. The most ¢
band for the Crab Nebula [2]. treme thermodynamic model is that of [6], whe

It has been suggested [3] that black holes of massth€ density 50/‘; sta/tgs increases exponentially v
— m/Te. H ] :

M emit real particles with an energy spectrum of a Masso m e, and during the final explo

black body at temperatufE « M. This means sion6x 1034 erg are released during approximate

: i 34 i

that black holes loose mass by radiation and in the 100 NS [7]. Of this,10°* erg would be emitted by

absence of accretion will evaporate completely in 7-rays of around 250 MeV energy. It is possit

1094(M/M)? years, wherd, ~ 2 x 10%3g is that the evaporation would not continue past !

’ -5 .
the Solar mass. At the present time, black holes Planck mass a.2 x 107" g, reducing the amoun
with an initial mass oft.5 x 10'4g [4] would be ~ Of released energy [8].
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On the other hand, in the standard model the num- ages produced by bursts gfrays. The channel:
ber of radiated particle species available is well are sampled by a flash analog-to-digital (FAD
defined, and the evaporation proceeds slower andconverter at an interval of 20 ns and with memc
reaches higher temperatures. The final explosion depth of 35us. To preserve all photo-electron
would last about 1 s with-ray of greater than 400 a capacitor at the FADC input widens very she
GeV energy being emitted [9, 10]. pulses to about 25 ns. SGARFACE triggers on

The SGARFACE experiment [11] is now operating time scales, ranging from 60 ns to 14§, with the
as part of the Whipple 10 m telescope, an imaging discriminator thresholds set conservatively abc
air-Cherenkov telescope (ACT) located in south- the night-sky background level. During most
ern Arizona [12]. The location of the Whipple the observations, 7 nearest neighbor SGARFA
10 m telescope is 31.6804atitude, 110.8790W pixels were required to exceed this threshold, m
longitude, and 2312 m a.s.l. The air-Cherenkov imizing background triggers.

technique has a detection areasof2 x 10° m?

for single~-ray primaries. At sub-GeV energies,
the Cherenkov emission from oneray is not de-
tectable, but a wavefront of near-simultaneous sub-
GeV ~-rays produces a detectable signal. The an-
gular distribution of Cherenkov photons of these
low-energyy-ray wavefronts is smooth with an an-
gular extend ot~ 1° RMS. The width of the an-
gular distribution is due to multiple scattering and
proportional toE—2, whereE is the energy of the
secondary €. A burst image would appear nearly
identical to detectors separated by hundreds of km.
This idea was used by [13] to search for the
ray emission from evaporating black holes using
the 10 m telescope. The cosmic-ray background . S
was eliminated by requiring a second telescope, lo- tglescope was taking .SC'em'f'C data and assur
cated 400 km away, to trigger simultaneously. No high level of data quality.

coincidences were detected, setting an upper limit The exposure of the sky during the three years
of 0.04 explosions/ptyr. In contrast, the SGAR-  operation is shown in Fig. 1 in equatorial coc
FACE experiment uses only a single ACT. Here, dinates and in Fig. 2 in galactic coordinates. T
background rejection of cosmic rays, as well as bin-size of 42 represents the effective field of vier
other events caused by atmospheric phenomenaat +31.7 DEC. Long exposures are seen at pror

is achieved by the time-resolved imaging of the nent TeV~-ray sources: Crab Nebula, Mrk 42.
Cherenkov wavefronts. Mrk 501, the Galactic Center, and 1H 1428+4:

Near each source location, but offset in right asc
sion (RA) by+30 min, is a second long exposu
Description of the Experiment that is used as a control region in the Whipple ar
ysis. The horizontal bands in Fig.1 arise from t
The camera on the Whipple 10 m telescope con- nightly 10 minute zenith runs when the telesca
sists of 379 close-packed PMTs covering a°2.4 is pointed at or near the zenith.
field of view. The signal used for SGARFACE is
split off the cables via passive couplers before the . . .
10 m electronics. To reduce cost and complexity of Calibration of the Light-throughput
the SGARFACE system, clusters of seven nearest-
neighbor pixels are summed into 55 channels, each The detector response to Cherenkov light was «
viewing~0.36 of the sky. This angular resolution ibrated by direct measurement of all compone

is sufficient to image the extended Cherenkov im- involved. The expected digital-count (dc) p
photo-electron (pe) is 0.92 0.10, where the er

Summary of Observations

The SGARFACE experiment has operated nec
continuously since March 2003 during routine o
servations with the Whipple 10 m telescope. A1
tal of 1511 hours lifetime exposure was accun
lated with a mean rate of 0.18 Hz. In the PE
search, we require good to very good night-s
conditions, reducing the data set to 1051 hot
The dead-time of the data-acquisition (DAQ) sy
tem is 0.316 sec per event, and was 6% of the ti
operational time. The requirement of good to ve
good night-sky conditions, implies that the 10
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calibrate the light-level between each cluster

=
3

: wEar om v . £ pixels. Cosmic rays produce coincident eve
e e B 8 about 70% of the time, providing a large enou
. - o statistical sample to perform a nightly calibratio

-2

3

The average ratio between the two DAQ syste
is measured to be 3.54 and is very stable over
0 three-year time span, as shown in Fig.4.

Using this cross-calibration method, the dc/pere
is determined to be 0.930.10 at the time of the
directed measurement and is in agreement with
direct measurements.
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Figure 1: Exposure map of the sky in equatorial
coordinates. Bins of less than 5 minute exposure

are suppressed. Prominent point of observa- A——T 71— — T
tion are the Crab Nebula (RA 05h34m31.9s i T
DEC+2200m52.1s, J2000), Mrk 421 (RA 351 W Lo
11h04m27.31s DEC+382m31.8s), and the L TR i Mw ?ﬁ _
Galactic Center (RA 17h45m40.0s, DEC- , | A ”jo .
29°00m28.1s) $ 25 ! \ —
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Figure 2: Exposure map of the sky in galactic o- e 3: The number of digital counts produc

ordinates. Bins of less than 5 minute exposure are per photo-electron for the Whipple 10 m DAQ.
suppressed.

ror is due to systematic uncertainties. As these h for Burst
measurements were done only once and atseparat§earc Or Bursts

times, a second method was developed to track any o .
instrumental variations. It consists of two parts: Thte S.G?ZFQCE Sﬁndsntlv'llty C;toMburftsco/f rlay§ is
1) The light-throughput of the Whipple 10 m oo 1shed throtugh detaned Monte-Larlo Simu
is measured from recorded images of complete tions that include the geomagnetic field, field-c
muon rings. The ratio of digital-c%unts to phgto- view effects, and the electronic signal processi
electrons for the 10 m DAQ is shown in Fig.3. Results of the data analysis were presented at

o . . . conference, including upper limits on the PBH €
Variations in the dc/pe ratio are due to ageing of . L
. . ) plosionrate. Due to space limitations for these p
the PMTs and increase in the high-voltage level. . .
Because of uncertainties in the UV response of the ceedings, we refer the reader to an upcoming p
mirrors and PMTs, the dc/pe value is tigd to the di lication that will provide details on the event ane
' . " ysis, background suppression, and burst limits.
rectly measured value of 3t3.3 dc/pe in Novem- ysl grou upp ! urstimi
ber 2000.

2) Events that are recorded simultaneously by
both, Whipple and SGARFACE, are used to cross-
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