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Abstract: On 15-th June 2006 from the Baikonur cosmodrom the satellite RESURS - DK1 was successfully launched. The international team of researchers performs the scientific investigations of cosmic rays in a wide energy range with the spectrometer PAMELA on board of this satellite. The Neutron Detector is a part of the PAMELA spectrometer. Its task is to separate the cascades of hadron and lepton origin. A brief description of the Neutron Detector construction and operation mode is presented. The preliminary data on the latitudinal dependence of the neutron fluxes are given and compared with results of calculations.

Introduction

The spectrometer PAMELA on board the RESURS - DK1  satellite was successfully launched from the Baikonur cosmodrom on 15th June 2006. The main scientific goals include search for antimatter and dark matter signatures via measuring fluxes of particles and antiparticles in the energy range up to ~200 GeV and search for high-energy primary electrons up to several TeV [1, 2]. The satellite orbit is elliptical, with an altitude varying between 350 km and 600 km, at an inclination of 70o. The spectrometer is permanently oriented outward from the Earth.

The neutron detector (ND) is a part of the PAMELA spectrometer. Its main task is to facilitate separation of the cascades initiated by hadrons and leptons in the PAMELA calorimeter. Therefore, the data of the ND should be considered in the context of the whole PAMELA spectrometer results. However, the ND makes it possible to observe the background neutron fluxes on the orbit, which is important for control of the ND operation and may be useful in estimation of onboard radiation condition. This paper presents preliminary results on the background neutron flux as measured by the ND of PAMELA.

Description of the PAMELA Neutron Detector
The sensitive elements in the ND are the 3He neutron counters 18.5 mm in diameter and 200 mm sensitive length. The counters recording neutrons from a reaction 3He + n ( 3H + p are mainly sensitive to the thermal neutrons (cross-section more than 5000 barns).  Two layers of 18 counters (36 pieces in total) are placed into the polyethylene moderator. One polyethylene block 2 g/cm2 thick is above the upper layer of counters, similar block is between the upper and the bottom layers of counters, and 6 g/cm2 of polyethylene are beneath. The Cd shield 0.5 mm in thickness envelopes the ND from the bottom and the sides. The ND is mounted under the S4 scintillator (see [1-3]). Therefore, it is open for all the neutrons issued by the calorimeter and for the fast neutrons going from the lower hemisphere, i.e. from the Earth direction. 

Neutron background onboard
the satellite

Three output channels are allocated for the ND. The trigger channel returns number of neutrons recorded by all the 3He counters during 200 
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Figure 1: Time dependence of the 1-minute averaged count rates of the ND background channel as derived from the time intervals between triggers of various duration – without any limitation (all events), and with intervals limited by 15 and 10 ms.

microseconds after each PAMELA trigger.  After that neutrons are collected by the background channels until the next trigger comes. Neutrons recorded by the ND between triggers make up the background. The readings of the upper and bottom layers of counters are recorded separately. The consistent results of the upper and lower counter layers are indicative of correct ND operating. It has to be taken into account that the massive body of the satellite heavily contributes into the ND records. In some cases it results in the saturation of the ND background channel. Nevertheless, it is possible to get the real neutron background on board the satellite.

The background neutrons are collected during a pause between triggers, therefore the time interval varies from one event to another. To avoid saturation, it is useful to take into account only short intervals between the triggers. Figure 1 demonstrates the time dependence of the ND background count rates. Only one background channel is shown, as the both are identical. Data taken within the South Atlantic magnetic anomaly are excluded. The periodical character of the time profile is due to the latitude effect – lower flux near the equator and higher flux at polar latitudes. The lower curve shows the background (per second averaged over 1 minute) obtained using all the ND background readings. Two upper curves show the background obtained from intervals between triggers of dT=15 ms and dT=10 ms, respectively. Choosing the shorter intervals between triggers we decrease statistics, but saturation is removed also. This can be seen from the growing of the latitude effect, namely the count rates remain the same near the equator and gradually increase at high latitudes with diminishing interval duration as it is plotted in Figure 2. Here the count rates at polar latitudes are presented versus duration of the interval between triggers. It is seen that the count rate becomes virtually constant at intervals shorter than 12-13 ms. Approaching to the real latitude effect in the neutron background is also proved in Figure 3 which demonstrates the count rates versus the geomagnetic cutoff values.

The expected background count rates of the ND were calculated using the GEANT4 for the minimum of solar activity that corresponds to the present condition. The computation took into account the atmospheric albedo neutrons from [4-7]. Neutrons generated by energetic cosmic ray particles in the bodies of the PAMELA and the satellite were not accounted for. The results are also presented in Figure 3.  It is seen that the expected count rates constitute only about ~25% of the real background. Therefore, a majority of the ND background count rates comes from the neutrons produced in the PAMELA and the satellite bodies. The latitude effect for the ND count rate is 6.97(0.41, which is roughly the same as the value 6.42 expected for the albedo neutron flux (see Figure 3). 
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Figure 2: Count rates of the ND background channel at polar latitudes vs. duration of an interval between the triggers.

The GEANT4 computation showed that the ND efficiency for the recording of albedo neutrons is weakly dependent on the neutron energy at least in the range of 10-3 –10 MeV. Assuming that the energy spectrum of the albedo neutrons and that of neutrons produced in the PAMELA and satellite bodies are similar, it is possible to estimate roughly the flux of neutrons generated in the ND environment. Most of observational data on the locally generated neutrons refer to energy above 20 MeV [8]. According to a dependence of the flux of local neutrons (E >20 MeV) on a satellite mass [8], we should expect Jn(>20 MeV) = 0.004 cm-2 s-1 sr-1 given the RESURS-DK1 mass is around 6.4 tons. Our preliminary estimation gives for that value 0.012 cm-2 s-1 sr-1. This value has to be checked in future.
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In the course of the PAMELA mission, the ND background channel recorded the solar energetic particle (SEP) events in July and December 2006. In all events the ND response was caused by the energetic charged particles, no solar neutrons were recorded.

Figure 3: The ND background cannel count rates versus geomagnetic cutoff rigidity Rc.

Conclusion 

The preliminary analysis of the PAMELA Neutron Detector operation on the orbit showed that ~75% of rates of the ND background channels are caused by the neutrons generated in the bodies of the PAMELA and the satellite. The ratio of the neutron flux values at polar and equatorial geomagnetic cutoffs Rc F(1 GV)/F(15 GV) = 6.97(0.41, which is rather close to the value 6. 42 expected for the albedo neutron flux. 

The ND response to the SEP events in July and December 2006 was caused by the energetic charged particles, no solar neutrons were recorded.
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