Chapter 5

DEPARTMENT OF SPACE PHYSICS
5.1. STAFF

5.1.1. Scientific staff

Ján Baláž, Pavol Bobík, Radoslav Bučík, Karel Kudela (Head of Department), Marián Slivka

5.1.2. Technical staff

Vladimír Kollár, Igor Strhárský, Ronald Langer, Jana Štetiarová, Samuel Štefánik, Anna Tomičová

5.2. SCIENTIFIC ACTIVITIES

5.2.1. Introduction

The Department of Space Physics (DSP) is one of the oldest departments of the Institute. Its  current research is oriented to the experimental study of energetic particles in space. Along with the cosmic ray (CR) studies related mainly to the ground based measurements, the experimental research and data analysis of medium energy particles on satellites is continuing. The two types of studies are devoted mainly to obtain relevant information on the physical processes within the Earth’s magnetosphere and in the heliosphere: those in which the energetic particles are either directly involved or those for which the particles provide a remote characteristic. Energetic particle dynamics relevant for space weather effects is  studied too. 
5.2.2. Projects

Slovak Grant Agency VEGA:

2/4064/24 Energetic particles in space: relations to space weather

Principal investigator: K. Kudela, January 2004-December 2006
Slovak Research and Development Agency:

APVT 0259 Monitoring of energetic particles in near surrounding of Earth: relations to space weather – influence on flight personnel (October 2002-November 2005, joint with the Air Force Military Hospital, Kosice)

Principal Investigator: K. Kudela 
APVV-51-053805 Monitoring of energetic particles in space for selected problems of space weather (starting from May 2006)
Principal Investigator: K. Kudela 

COST:

COST 724 Space radiation, Energetic space particles and Space weather (October 2003-September 2007)
Principal Investigator: K. Kudela
5.2.3. International collaboration.

Collaboration with scientists and technicians of many institutions in abroad as well as in Slovakia was productive and influenced the activity, scientific orientation and results obtained in the Department. The complete list is at http://space.saske.sk. 
5.3. RESULTS

Figures in next subsections illustrate selected results obtained with participation of DSP. The complete list of refereed and other publications is in section 6.
5.3.1. Cosmic ray dynamics at neutron monitor energies and relations to space weather [R 9,10,14,16-18,28,29,35,38-42; O 7,10,12,30, 56-60]
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Fig.1. Ground level event observed at Lomnický Štít neutron monitor on January 20, 2005. Particle with the energy above that corresponding to the vertical cut-off rigidity (~4 GV) are indicated to be accelerated at the Sun and/or in interplanetary space with maximum at ~0707 UT. The effect was strongly anisotropic [24]. 
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Fig. 2. Comparison of count rate at two stations with approximately opposite sectors of asymptotic longitudes, namely Lomnický Štít and Haleakala for one of geomagnetic disturbances in 1991. The ratio of count rates at the two stations, which is a rough measure of cosmic ray anisotropy in interplanetary space,  is significantly changing 2-3 hours before the onset of decrease in Dst [18]. Time is in hours from beginning of year 1991 (November 7-13). 
The measurements of secondary cosmic rays by neutron monitor at Lomnický štít run in continual regime with the preliminary data displayed in real time at http://neutronmonitor.ta3.sk and updated with 1 min resolution.
5.3.2. Geomagnetic transmissivity for cosmic rays. [R2-4, 14, O 8-11, 21, 28, 29, 34-37].

[image: image3]
Fig.3. Computation of transmission function for cosmic rays through the magnetosphere is  useful for low altitude satellite measurements. In penumbra region the observed energy spectra showed the excess above those predicted by primary cosmic ray (CREME96 model ) and transmission function computed. This allows to estimate contribution of secondary cosmic rays (mainly re-entrant albedo protons) for the experiment AMS [3]. 
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Fig.4. Global transmission functions for cosmic rays computed for different epochs. The fraction of the Earth’s surface at which the vertical access of cosmic rays is allowed above a given value of cutoff rigidity, Rc. The computations are done for different epochs in the past and show how the Earth was exposed to primary cosmic rays during the changing geomagnetic field. At different sites on the Earth the evolution of transmissivity was significantly different [14]. 
5.3.3. Medium energy particles within the magnetosphere and near its boundaries

5.3.2.1. High apogee satellites. [R 1, 5, 13, 15, 19, 25-27, 30-33, 36-37; O 3-6, 27, 38, 39, 45, 46, 49, 50]
Along with the statistical and case studies of energetic particles in the region upstream from the bow shock based on Interball data, the analysis of unique NUADU data (energetic neutral atoms) from Double Star mission began. 

[image: image5]
Fig.5. Example of intensity of energetic neutral atoms observed by NUADU experiment on Double Star TC-2 during the geomagnetic storm on November 8, 2004 [27]. 
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5.3.2.2 Low altitude satellite measurements [R6-9, 11, 12, 20-24, 34, O 13-20, 22, 31, 33, 40-44, 51-54]. 

CORONAS I. 

[image: image7.emf]
Fig. 6. Experiment SONG on CORONAS-I provided possibility to study the fluxes of ( rays and their connection to radiation belt electrons in detail. The longitude distribution of 3 – 8.3 MeV gamma rays as measured on that satellite at Northern (top) and Southern (bottom) hemispheres for L – shells between 1.6 and 6. The black line indicates L=3.9 at 500 km altitude, and atmospheric loss cones at L=3.9 are illustrated by the red curves [7]. 
CORONAS-F .
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Fig.7. Gamma rays have been observed up to high energies  during one of strongest solar flares on October 28, 2003 on CORONAS-F satellite. Flux of  - rays at various energy channels by SONG experiment during that flare shows strong variability of gamma ray spectra. Units are #/cm2.s.MeV. The effective surface of the detector is taken as 270 cm2. The parent flare is of class 17.2 and importance 4B, coordinates S16E08. The arrows depict time intervals with different energy spectra
SONG instrument provided not only experimental data for solar flare observations but also for indications of the relations between X rays and specific atmospheric phenomena. Analysis of X ray and gamma emissions measured on CORONAS F have shown the spatial coincidence of the location of lightning flashes with conjugate X ray enhancements. Most likely these observations are connected to the underlying long-lived lightning documented by TRMM optical observations [8]. 
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Fig.8. The  dynamic of relativistic 0.3-0.6 MeV electrons measured by MKL device (PI S.N. Kuznetsov, SINP MSU Moscow) onboard the CORONAS-F satellite during May 2005 in L-t diagram of 3 hour-averaged electron fluxes. Dst is in the top panel. Significant redistribution of outer belt electron fluxes is apparent not only in connection with rather large depression of Dst after May 15, but also during and after weaker disturbances. 
5.3.4. Venus Express magnetometer – data cleaning [O 25, 26, 46-48, 62].
A method for identification and correction of the variable spacecraft stray magnetic field contribution in measurement of the ambient space magnetic field, based on dual measurements with two ssensors located at different distances from spacecraft body for magnetometer on Venus Express probe (PI T.L. Zhang, IWF OEAW Graz, Austria) was developed. It is used for identification of one type of errors in the measurement. 
5.3.5. New space experiments under preparation [O 1, 2, 61].
At present two experiments for measurements of energetic particles in space with participation of the DSP are under development. 
MEP for SPECTRUM-R
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Fig.9. Programmable particle spectrometer MEP-2 (Monitor of Energetic Particles),  has been developed and manufactured at Department od Space Physics in cooperation with Democritus University in Xanthi, Greece and Space Research Institute, Moscow. The instrument will provide registration of energy spectra and time variations of energetic particle flux on board of the Russian satellite SPECTRUM-R. The instrument will continue the studies of medium energy protons and electrons on the orbit which is for relatively long time periods outside the magnetosphere. Specific is large geometrical factors allowing tro study fine structure of low level fluxes of particles [description in O1]
PEEL.
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Fig.10. Detector of precipitating electrons PEEL (Precipitation of Energetic Electrons at high Latitude) is under development at Department od Space Physics in cooperation with Democritus University in Xanthi, Greece and Andoya Rocket Range, Norway, for scientific sounding rocket HotPay-2 [description in O2].
5.3.6. Relations of space weather to health [R 43, O 23, 24]
In collaboration with Air Force Military hospital in Kosice a statistical study of relations between selected parameters of space weather and health state of aviation personnel was done. Comparing heart rate (HR) and diastolic blood pressure (DBP) between the seasons of high and low solar activities (SolFlux), statistically significant differences were found. The same is valid for differences between the MAST (Anxiety State and Tension Scale) parameters and R (sunspot number) and SolFlux (radio solar flux), respectively. TDS (test of ability to differentiate cues) as well as the PAMATB (memory performance test) have significantly higher values for high speed of hot and sparse plasma of solar wind. TDS correlates with the geomagnetic activity level and with sunspot number. K-test (visual coordination test) shows better results when geomagnetic activity and energetic proton flux are higher (protons with energy above 1 MeV). 
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