Monitoring of Cherenkov Emission Pulses with Kalyazin Radiotelescope:

real sensitivity and prospective program

Rustam D. Dagkesamanskii

Pushchino Radio Astronomy Observatory, Astro Space Center of the Lebedev Physical Institute, Moscow region 142290, RUSSIA

Abstract. Possibilities of searching for the Cherenkov emission pulses from superhigh-energy particle cascades by monitoring of the Moon with Kalyazin 64-meter radiotelescope are considered. Sensitivity of the available facilities and a level of manmade interference at the radiotelescope site are estimated. Some details of a proposed experiment are described.

INTRODUCTION

In the mid-1980s Igor Zheleznykh and the people of his team from Institute for Nuclear Research of Russian Academy of Sciences actively worked out the RA- MAND (Radio Antarctic Muon and Neutrino Detector) project [1,2]. The project was based on one of the brightest idea by Gurgen Askaryan [3,4] to detect highenergy cosmic rays by detection of Cherenkov emission pulses produced by the negative charge excess of cascades generated in relatively dense dielectric medium when the high energy particle interacts with atoms of the dielectric. The properties of Antarctic ice make it possible to use an effective target of 10^9 or even 10^{11} m^3 [5].

To discuss the possible ways of improving the efficiency of the experiment Igor Zheleznykh and his colleagues contacted me and some other people from Pushchino Radio Astronomy Observatory. It seems that our discussion was rather fruitful and during the discussion Igor formulated his new idea to enlarge the target volume by observing the Cherenkov emission pulses from the Moon. First estimates had shown that the large meter-wavelength radiotelescopes of Pushchino Radio Astronomy Observatory (DKR-1000 and BSA FIAN) were not suitable for such observations because they could track the Moon for only few minutes around its culmination and their frequency ranges were too far from the expected maximum. On the other hand, the estimates revealed that using the already existing fully-steerable radiotelescopes of 70-meter (and more) diameter we could hope to detect at decimeter and centimeter wavelengths the Cherenkov pulses from 10^{20} eV cascades.

RAMHAND PROJECT

The following more careful considerations confirmed, in general, the rather optimistic estimates mentioned above. The new project was named RAMHAND — RAdio Moon Hadron And Neutrino Detector [5,6] because Cherenkov emission pulses have to be emitted after interactions of hadrons with the atoms of lunar regolith and the corresponding events could be observed near outer ring of the lunar disk. Sensitivity of this giant neutrino telescope is determined mainly by effective area of the ground-based antenna used as a detector and by the wavelength of observations. The power of the coherent Cherenkov emission pulse should be proportional to E^2, where E is the energy of the cascade. The expected rate of the events depends on the spatial density of particles in corresponding energy range and from the effective total mass of the target.

Using a predicted spectrum and some other parameters of the Cherenkov emission pulses it had been shown [5–8] that the pulses arising from interaction between particles of 10^{20} eV with the Moon’s regolith should be about 5 times the r.m.s. noise level when observed with 70-meter ground-based radiotelescope. However, the expected rate of such events is very low and all a priori information about the pulses should be used to separate the real signal from noise fluctuations and the interference. For example, predicted short duration (several nanoseconds) of expected pulse could help to extract it from some types of man-made interference. The continuous spectrum of the predicted emission provides efficiency for multi-frequency observations together with coincidence schemes. Taking into account a dispersion delay of the signal in the Earth’s ionosphere and using multi-frequency observations it could be possible to reject many sources of narrow-band and wide-band interference. Finally, spatial correlation of the signal enables using the simultaneous monitoring with several radiotelescopes separated by large distances.

A small variation of the RAMHAND project was suggested in the mid- 1990s [9,10]. The possibility to use an on-board antenna orbiting the Earth or even a lunar satellite was considered. It was pointed out that neutrinos of somewhat lower (ß10^{18} eV) energy could be detected in these cases.

To realize the main RAMHAND project one or several large fully-steerable radiotelescopes equipped with rather good receivers and special terminals of very high

(ß10 nsec) time resolution were needed. By the end of the 1980s and in beginning

of the 1990s, there were no such terminals at our radiotelescopes and we could not start the monitoring of pulses from the Moon.

IMPORTANT RESULTS OF 1990S

Already the first discussions of the RAMHAND project with physicists and astronomers at “Neutrinos-88” [5], “Quarks ’88” [6], USSR-USA Seminar on High Energy Astrophysics (Tbilisi, 1999) and other meetings showed that some of our colleagues did not believe the Cherenkov emission pulse monitoring would succeed because of several far extrapolations and rather rough estimates that were used in calculations of the pulse intensities and the rate of the observable events. New and more careful theoretical considerations as well as computer simulations were needed to overcome this scepticism. In the beginning of the 1990s besides Zheleznykh’s team [11] the theoretical aspects of the problem were studied by Halzen, Zas and Stanev [12,13] and later by Alvarez-Muniz and Zas [14,15]. The results of computer simulations described in these papers confirmed as a whole preliminary optimistic RAMHAND project estimates and predicted duration, spectrum and some other parameters of Cherenkov pulse emission. For example, calculated the spectrum maximum position ν_{max} = 2 GHz or higher (compare with ν_{max} = 1 GHz used for earlier estimates).

The first attempt to detect the Cherenkov emission pulses from the Moon was made by T. Hankins, R. Ekers and J. O’Sullivan [16]. Using the Parkes 64-meter radiotelescope with a wideband (1187-1662 MHz) receiver and high time-resolution (of few nanoseconds) oscilloscope they observed the Moon for about 10 hours. No pulses of 1 nanosecond duration with flux density above 4000 Jy were detected during the observations.

Another attempt was made by P. Gorham, K. Liewer and C. Naudet [17] using the NASA Goldstone 70 m and 34 m antennas. The observations were made at S-band (2.2 � 2.3 GHz) for a total of 12 hours: 8 hrs in dual-antenna and 4 hrs in single-antenna mode. An L-band (1.6 GHz) receiver was used at 70 m antenna simultaneously with S-band receiver. During the observations the 1.6 GHz beam was pointed 0.5ffi away from the 2.2 GHz beam. Coincidences and anti-coincidences (between S- and L-band receivers) scheme were used during observations and processing so that almost all interference was rejected. So only the system noise of 400 Jy r.m.s. fluctuations limited the final sensitivity. No pulses of expected duration with flux density more than 6 r.m.s., i.e. 2400 Jy, were detected in 12 hours. The corresponding neutrino energy threshold was 5 � 10^{19} eV.

The negative results of both experiments are not surprising. Indeed, the upper limits to the event rates found in the experiments are above most theoretical estimates, and exclude only very exotic theoretical models like a Universe with super-conducting strings and so on. It was obvious, to test more real models, the observations of hundreds hours with sensitivity which was realized already were needed. Nevertheless, the scepticism mentioned above could be increased after these negative results. Fortunately, two excellent laboratory experiments [18,19] were fulfilled by UCLA/NASA group of physics shortly after the publication of Goldstone results. Using Argonne Wakefield Accelerator and Stanford Linear Accelerator authors of [18,19] have modeled the cascades of 10^{18}�^{19} eV in silica sand target and showed that they had the expected negative excess and measured the radio pulses from the cascades. It turned out that measured energy dependence of the pulse amplitude is very close to that predicted before. On the other hand, the maximum of the pulse emission spectrum is at least at 8 GHz or even higher frequency. So, nothing is left for scepticism after the last two papers and the flux of neutrinos with energy E˘E_0 can be directly found from the measured (or estimated) rate of the pulses with flux densities S above corresponding limit S˘S_0.

PREPARATIONS TO MONITORING WITH KALYAZIN RADIOTELESCOPE

The 64-meter fully-steerable dish of OKB MEI (Special Construction Bureau of Moscow Power Institute) near Kalyazin town, which is about 200 km to north of Moscow, was constructed in 1992 for the deep space network service and for radioastronomical observations. Now this radiotelescope is equipped with receiving and recording complex mainly for pulsars and VLBI observations [20]. (see Figure 1). There is Kalyazin laboratory of Pushchino Radio Astronomy Observatory supporting most of these observations.

Today the Kalyazin 64 m radiotelescope is one of the most suitable tool for searching the Cherenkov emission pulses from the Moon in Russia. The radiotelescope

FIGURE 1. Kalyazin 64-meter radiotelescope.

is of alt-azimuth mount. There is a 6 m secondary reflector and a multi-frequency feed placed at a Cassegrain focus. There are five dual- channel (LCP/RCP) receivers for 0.6, 1.4, 2.3, 4.8 and 8.3 GHz frequency bands. Four of them (except 4.8 GHz receiver) can be used in simultaneous observations. System noises are less than 100 K at all mentioned frequencies, so the Moon brightness temperature will determine the noise fluctuations during proposed observations. The radiotelescope is equipped with Canadian S2 VLBI terminals of 32 MHz bandwidth. There is precise time service at radiotelescope.

There is a good experience in using the Kalyazin radiotelescope in pulsar and VLBI observations. Most observations are free from any strong interference. Figure 2 shows the short pieces of records during observations of two pulsars with Kalyazin radiotelescope.

The observations were made with S2 recording terminals in LCP-channels. Original time resolution was 30 nsec. Total duration of each Fig.2 piece is 10 seconds and the all three are averaged over 10 milliseconds. The spike near the beginning of Fig.2a record is one of giant pulses of Crab nebulae pulsar. Most of spikes at Fig.2c are the pulses of PSR 0329+54. After subtraction of these spikes from the original (non averaged) records the distributions of fluctuations at both frequencies are very close to Gaussian with standard deviations corresponding to expected system noise level.

We are planning to start the monitoring of the Moon with Kalyazin 64m radiotelescope at two or three frequencies before mid-2001. For the beginning we are going to use S2 recording systems as terminals.

CONCLUSIONS

It seems that now radio astronomers are close to getting the real estimate of extremely-high-energy neutrinos flux or at least a very strong upper limit of it. However, the rate of Cherenkov emission pulses from the Moon should be very low, and may be not more than one or two per month. To increase the reliability of such estimates and perhaps to determine the position of the cascade at lunar disk the simultaneous monitoring with two or three radiotelescopes separated by hundreds or thousand kilometers is very desirable. Several European radiotelescopes could be joined in such program. Close collaboration between radio astronomers from different countries should help us to solve this task.

Acknowledgments. I gratefully acknowledge the Organizing Committee of RADHEP-2000 for invitation to this meeting and financial support.

FIGURE 2. Pieces of pulsars records: (a) and (b) - two 10 sec. pieces of simultaneous records of Crab nebulae pulsar at 594 MHz and 2228 MHz, (c) - 10 sec. record of PSR 0329+54 at 2244 MHz

REFERENCES

1. Gusev G.A., and Zheleznykh I.M., Pis’ma Zh. Eksp. Teor. Fiz.[JETP Lett.] 38, 505 (1983).

2. Markov M.A., and Zheleznykh I.M., Nucl. Instr. and Methods in Phys. Res. A248, 242 (1986).

3. Askaryan G.A., Zh. Eksp. Teor. Fiz. [JETP] 41, 616 (1961). 4. Askaryan G.A., Zh. Eksp. Teor. Fiz. [JETP] 48, 988 (1965).

5. Zheleznykh I.M., Proc. 13th Intl. Conf. on Neutrino Physics and Astrophysics (“Neutrino 88”), ed. J.Schreps, World Scientific, Boston, 1988, p. 528.

6. Zheleznykh I.M., Proc. Int. Seminar “Quarks 88”, Tbilisi, USSR, World Scientific, 1988, p.789.

7. Dagkesamanskii R.D., and Zheleznykh I.M., Pis’ma Zh. Eksp. Teor. Fiz. [JETP Lett.] 50, 233 (1989).

8. Dagkesamanskii R.D., and Zheleznykh I.M., ICRR Intern. Symp. “Astrophysical Aspects of the Most Energetic Cosmic Rays”, Kofu, Japan, 26-29 Nov. 1990, ed. M.Nagano and F.Takahara, World Scientific, Singapore, 1992, pp. 373-380.

9. Dagkesamanskii R.D. and Zheleznykh I.M., First International Conference on Cosmoparticle Physics “COSMION-94”, Moscow, Dec.5-14, 1994 10. Dagkesamanskii R.D. and Zheleznykh I.M., Talk at the Workshop “High Energy Neutrino Astrophysics” (HENA-96), Aspen Center, Colorado, USA, 1996 (unpublished).

11. Zheleznykh I.M., Proc. of XXIst ICRC, Adelaide, Australia, 1989, ed. R.Protheroe Northfield, South Australia: Graphic Services, 1990, Vol.6, pp.528-533.

12. Halzen F., Zas E. and Stanev T., Physics Letters 257, number 3,4, 432-436 (1991). 13. Zas E., Halzen F. and Stanev T., Physical Review D 45, Number 1, 362-376 (1992). 14. Alvarez-Muniz R.A., and Zas E., Phys. Lett. B 411, 218 (1997). 15. Alvarez-Muniz R.A., and Zas E., Phys. Lett. B 434, 396 (1998). 16. Hankins T.H., Ekers R.D., and O’Sullivan J.D., MNRAS 283, 1027 (1996). 17. Gorham P.W., Liewer K.M., and Naudet C.J., Proc. 26th ICRC 2, 479 (1999). 18. Gorham P.W., Saltzberg D.P., Schoessow P., Gai W., Power J.G., Konecny R., and Conde M.E., Phys. Rev. E 62 8590 (2000) 19. Saltzberg D.P., Gorham P., Walz D., Field C., Iverson R., Odian A., Resch G., Schoessow P., and Williams D., astro-ph/0011001, to appear in Phys. Rev Lett.

20. Ilyasov Yu.P., Poperechenko B.A., and Oreshko V.V., “Radioastronomical Tools and Techniques”, part 2. “Ground-based radiotelescopes, equipment and techniques”, Moscow: Trudy FIAN, 2000, V.229, pp.44-60.