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2. Support of the biological and chemical experiments with actual information about the 
history  of the dose accumulation. Also radiation variation measurements. 

 

1. Measurement of the variations of the flux and dose rate from GCR, SCR, IRB and ORB 
in LEO and in interplanetary space. Use of data in models;  

 

Scientific objectives of the 14 Liulin experiments? 
 

8 experiments from 14 

Liulin-MO CPD 

Liulin-R 

In interpl. space On rocket In LEO 

 6 experiments from 14 

Foton-M2/3, BION-M1, Foton-M4 ISS, Expose-E/R/R2 

http://www.bas.bg/


Liulin instruments description 
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Generalized block diagram of Liulin-type DES instruments   
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Functional diagram of FREND dosimeter Liulin-MO 
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Dose calculation procedure applied in Liulin instrument 
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By definition the dose in the silicon detector DSi [Gy] is one joule 
deposited in 1 kg of matter. The LTK absorbed dose is calculated by 
dividing the summarized energy deposition in the spectrum in joules by 
the mass of the detector in kilograms:  
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where K is a coefficient. MD is the mass of the detector, and ELi 

is the energy loss in Joules in channel i. The energy in MeV is 
proportional to the amplitude A of the pulse: 
ELi[MeV]=A[V]/0.24[V/MeV], where 0.24[V/MeV] is a coefficient 
dependent on the preamplifier used and its sensitivity. 

 
All 255 deposited dose values, depending on the deposited 

energy for one exposure period, form the deposited energy spectrum. 
Channel 256 accumulates all pulses with amplitudes higher than the 
upper energy of 20.83 MeV measured by the spectrometer.  

http://www.bas.bg/


Source selection procedures  
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The following four primary radiation sources were expected and 
recognized in the data obtained with the Liulin instruments: 
  
→ Globally distributed GCR particles and those derived from 
them; 
  
→ Protons in the SAA region of the inner radiation belt (IRB); 
  
→ Relativistic electrons and/or bremsstrahlung in the high 
latitudes of the ISS orbit where the outer radiation belt  (ORB) is 
situated; 
  
→ Solar energetic particles (SEP) in the high latitudes of the ISS 
orbit. Together with the real SEP particles, a low flux of what were 
likely to be mostly secondary protons (SP) were observed in the 
data. SEP were observed only in the RD3R2 data. 
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Dose to Flux (D/F) calculations, based on Haffner formulas* 
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15.089.09 105.2106)(/ eee ExExEFD −−− +=
85.0108.08 106104)(/ ppp ExExEFD −−− −=

The valid ranges for D/F(Ee) and D/F(Ep)  are 1-10 MeV, and 1-1000 MeV, respectively 

Haffner, J.W., Yadernoe izluchenie i zashchita v kosmose (Nuclear Radiation and 
Protection in Space), pp 115, Atomizdat, Moscow, 1971. (book in Russian).  

IRB=1.12-6.5 

ORB=0.2-0.25 

http://www.bas.bg/
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- These 10  days plots were used for the 
selection of the all 441 days data; 
 
- The selection curve is the black line in 
the middle of the plots; 
 
- Galactic cosmic rays (GCR) are shown 
by red points in the lower part of each 
figure; 
  
- The maximum in the centrum plotted 
with blue points (ORB) is generated by 
high-energy electrons; 
  
- The maximum in the upper left corner of 
the figure plotted by green points (IRB) is 
created by high-energy protons when the 
ISS crosses the region of the SAA; 
 
- The magenta points spread from the 
center toward right side visualize the 
distribution of the solar high energy 
protons (SEP&SP). 

Example of the selection procedure used with  
the R3DR2 instrument  

 
  
 

Northern hemisphere 
L value boundary 

D/F<1.12 
D/F>1.12 

D/F>1.12 

*Dachev, et al., Space Weather, 15, 1475–1489, 2017. 
https://doi.org/10.1002/2016SW001580  

http://www.bas.bg/
https://doi.org/10.1002/2016SW001580
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Final result of the separation of the R3DR2 instrument data for the 
period 24 October 2014-11 January 2016 in four radiation sources* 

*Dachev, T. P., N. G. Bankov, G. Horneck, D.-P. Häder; Letter to the Editor. Radiat Prot. Dosimetry, 174 
(2), 292-295, 2017, https://doi.org/10.1093/rpd/ncw123 . 

http://www.bas.bg/
https://doi.org/10.1093/rpd/ncw123


Long-term variations of the measured by  
Liulin instruments GCR dose rates 
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The energy spectra of GCR, measured at Earth, are significantly influenced by 
the Sun’s activity. Traversing the heliosphere, GCRs interact with the 

expanding solar wind and its embedded turbulent magnetic field, undergoing 
convection, diffusion, adiabatic energy losses, and particle drifts because of 

the global curvature and gradients of the heliospheric magnetic field. 
Therefore, the intensity of GCRs at Earth decreases with respect to the GCR 
energy spectrum outside the heliosphere. This solar modulation has large 
effects on low energy cosmic rays (less than a few GeV), while the effects 

gradually subside as the energy increases, becoming negligible above a few 
tens of GeV (Strauss & Potgieter, 2014)* 
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Strauss, R.D. and Potgieter, M.S., 2014. Where does the heliospheric 
modulation of galactic cosmic rays start?. Advances in Space Research, 
53(7), pp.1015-1023. https://doi.org/10.1016/j.asr.2014.01.004  

http://www.bas.bg/
https://doi.org/10.1016/j.asr.2014.01.004
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https://doi.org/10.1016/j.asr.2014.01.004
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https://doi.org/10.1016/j.asr.2014.01.004
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https://doi.org/10.1016/j.asr.2014.01.004
https://doi.org/10.1016/j.asr.2014.01.004
https://doi.org/10.1016/j.asr.2014.01.004
https://doi.org/10.1016/j.asr.2014.01.004
https://doi.org/10.1016/j.asr.2014.01.004


Long-term variations of the averaged flux and dose rates observed in the L rage 
between 4 and 6.2 during 14 Liulin-type experiments between 2001 and 2019.The 

Liulin data are compared (red doted line) with the monthly values of the 
modulation parameter, reconstructed from the ground based cosmic ray data*  
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Tabulated  data for the 14 Liulin experiments (1) 
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Tabulated  data for the 14 Liulin experiments (2) 
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The analysis of Table 1 shows that the 12 experiments in LEO was 
performed at wide range of shielding from 0.3 up to >20 g cm2, 

average altitudes from 278 up to 610 km and globally distributed 
latitudes and longitudes.  

 
 

Next part of the presentation is devoted to the dependencies of 
the GCR dose rate from changes in the, altitude above the Earth, 

the shielding, and the global latitude and longitude variations.  
 
 

The objective is to prove that the dose rate value variations 
caused by the changes in these parameters are less than the 

variations of the dose rates at L-values higher than 4 induced by 
the long-term changes in the solar activity. 
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Altitudinal dependence in the dose rate 

SRTI, BAS 
24th WRMISS workshop,                                          

Athens, 3-5 September 2019 20 

http://www.bas.bg/


SRTI, BAS 
24th WRMISS workshop,                                          

Athens, 3-5 September 2019 21 

Overview of the near Earth radiation environment  
obtained by  RADOM instrument 

         Chandrayan-1, RADOM, 22 October 2008
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Experimental altitudinal profile of the dose rate, flux and 
D/F values, obtained by Liulin instruments 
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L~1.5 
D=1-2 

L=5 
D=8-9 

Pfotzer 
max. L~2 

Inner 
belt 

D/F<1 
ORB electrons 

D/F>1 
IRB Protons 

http://www.bas.bg/


Altitudinal profiles, obtained by the RADOM instrument on the Indian 
Chandrayaan-1 Moon satellite in low latitudes. Slow rise of the GCR dose 

rate from 1.5 to 2 µGy h-1 is observed  in the altitude range from 297 to 
1700 km 
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GCR flux, dose rate and D/F altitudinal profiles, obtained by the 
RD3-B3 instrument on the Foton-M No.4 satellite in L range 

between 4 and 6.2. Slow rise of the GCR dose rate with altitude 
from 7 to 8 µGy h-1 is observed 
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We believe, that the observed above 300 km altitudinal profiles 
at low and high latitudes are continued down to the altitudes of 

the Pfotzer maximum as shown by  Makhmutov et al., 2016* 
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*https://www.researchgate.net/publication/298791930_Cosmic_ray_measurements_in_the_atmospher
e_at_several_latitudes_in_October_2014  
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The conclusion from the altitudinal dependence 
investigation in 350-620 km range is: 

 
 
 

 The dose rate values in the altitudinal profiles  in low and 
high latitudes are in the range from 1 to 8 µGy h-1 but the 

variations in the profile are les than 2 µGy h-1, which is less 
than the observed long term variations of 4 to 13 µGy h-1 . 
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Global (latitudinal) dependence in the dose rate 
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Global distribution of the dose rate at about 350 km 
altitude. The map is obtained by averaging of more of 2000 
hours ~ 90 days of data. Remarkable is the curve similarity 

between the lines of equal dose rate and L-value  
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Effective vertical magnetic cutoff rigidities for the 2010 epoch calculated 
by Smart and Shea using the IGRF 2010 internal reference field for Kp=3; 
the color bar indicates the notional hazard level based on the increased 

(lower rigidity) particle flux at higher latitudes (Shea & Smart, 2012) 
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All range L-value profiles of flux, dose rate and D/F data 
observed between 18 July and 31 August 2014 during the 

Foton-M No.4 experiment 
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The GCR flux and dose rate 
data shows minimum in the 
equatorial region, slow rise 
toward L=4 and long 
horizontal tail with equal 
values toward the maximum 
L-value of 35.5. 
 
We conclude that: 
 
The GCR doses and fluxes in 
L range 4<L<6.2 represent 
adequately the whole L range, 
which values is close to the 
free space GCR value. 

D/F values confirm the 
selection procedure! 

http://www.bas.bg/


L-value profiles of the measured dose rate during 5 experiments 
between 2001 and 2009, which are characterized with decreasing 

solar activity and respectively increasing GCR dose rates   
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The conclusion from the latitudinal dependence 
investigation in 350-620 km range is: 

 
 

Geomagnetic shielding, measured by the vertical cutoff 
rigidity (Smart & Shea, 2012), is the reason for reduced GCR 
fluxes and dose rates at low L values in previous slide and 
the slightly rising dose rate toward L values of 2.5 (Shea et 
al., 1985). At these increasing L values the vertical cutoff 

rigidity decreases, and the major amount of the low-energy 
GCR spectra penetrate down to the ISS orbit. At higher L 

values, up to L=35, the dose rate has a fixed value because 
the small increase of the high-energy flux of the primary 
GCR flux do not affect it. This value is close to the free 

space value.  
 

The observed average dose rate values from 2001 to 2010 
rise from  6.56 to 12.51 µGy h-1 and confirm the findings in 

the picture with all 14 experiments. 
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Shielding dependence in the dose rate 
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The more shielded by surrounding constructions R3DE 
instrument measure larger GCR doses than the R3DR instrument 
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3.83 

3.54 

3.83-3.54 
=0.29 µGy h-1 

http://www.bas.bg/


Less shielded R3D-B3 instrument dose rates in the SAA region are larger and 
extends to larger L-values, while the Liulin-Photo averaged GCR dose rates 

are higher in the 4<L<6 

SRTI, BAS 
24th WRMISS workshop,                                          

Athens, 3-5 September 2019 35 

  H
ou

rly
 d

os
e 

ra
te

 (µ
G

y 
h-

1 )
 

   

Foton-M3, R3D-B3 & Liulin-Photo, 14-26 Sept., 2007, 
 60 s, 0.81 & >5 g cm-2    

L-value 

Av. Dose R3D-B3 = 10.70 µGy h-1 

Av. Dose Liulin-Photo = 10.82 µGy h-1 

Outside of the satellite  
0.71 g cm-2 shielding  

Liulin-Photo 

Inside of the satellite 
>5 g cm-2 shielding    

10.82-10.7 
=0.12 µGy h-1 
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The GCR dose and flux for L>10 are higher when lid is closed, 
because the secondary's and neutrons produced in the lid  
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Lid          Base     

The BIOPAN facilities are 
installed on the external 
surface of Foton descent 
capsules. It has a motor-driven 
hinged lid, which opens 180° in 
Earth orbit to expose the 
experiment samples to the  
space environment. 

11.12-11.04 
=0.08 µGy h-1 

http://www.bas.bg/


Comparison of data between R3DE instrument outside ISS (0.3 g 
cm-2 shielding) and Liulin-ISS inside Russian segment (>20 g cm-2 

shielding)   
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The conclusion from the shielding dependence investigation 
in 350-620 km range is: 

 
 
 
 

The dose rate values variations in the latitudinal profile for 
4<L<6 are less than 2 µGy h-1, which is less than the 

observed long term variations of 4-13 µGy h-1. 
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Long-term variations of the averaged flux and dose rates observed in the L rage 
between 4 and 6.2 during 14 Liulin-type experiments between 2001 and 2019.  

The Liulin data are compared with the monthly values of the modulation 
parameter (red line) from the ground based cosmic ray data*  
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1. Never the less that different calibration were performed with LIULIN 
(Dachev et al, 1998) the final coefficient for the transformation of the pulse 
rate from the VFC to dose rate was overestimated. To match better the 
LIULIN data with other observations we modify them by subtraction of 5 
µGy h-1 from the original values. No other instrument values in the picture 
was modified. 
 
2. The  Liulin-MO dose rate data, being obtained from a dosimetric 
telescope of 2 detectors, to be in accordance with other data takes only 
the data from the first detector, adjusted exactly in same way as the other 
single detector data. 
 
3. Never the less that the Liulin-Ten-Koh dose rate data was obtained in 3 
months the averaged dose rate is presented with 1 point in January 2019. 
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Additional information for the formation of the dose rate values in 
the previous slide 
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Comparison of Liulin GCR dose measurements with other 
experiments and models    
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Example of middle range GCR measurements comparison 
by 2 DOSTEL devices and R3DR2 instrument on ISS 
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The short term variations of the global GCR dose rate  
are in good coincidence with the Oulu NM count rate and depends by 

the Dst index 
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(In average 7633 measurements per 
day from  possible 8640.) 
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Comparison of measured (m) by Liulin-E094 four MDUs inside American 
segment of ISS with calculated (c) by NASA HZTRN model average dose 

rates 
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Statistical validation of HZETRN as a function of vertical cutoff 
rigidity using ISS measurements 
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Comparison of binned HZETRN results and Liulin 
MDU 1 data on ISS from July 6, 2001 4:04 pm to 

July 6, 2001 9:05 pm. The “Env Shadow” and 
“Interp Shadow” results are almost identical. Dose 

is calculated in silicon 

Average errors between HZETRN and the Liulin 
and TEPC detectors. The error bars represent the 

95% confidence interval on the sample mean. Dose 
is calculated in tissue for the TEPC and silicon for 

the Liulin detectors 
Slaba, T.C., S.R. Blattnig, F.F. Badavi, N.N. Stoffle, R.D. Rutledge, K.T. Lee, E.N. Zappe, T.P. Dachev and B.T. Tomov, 
Statistical Validation of HZETRN as a Function of Vertical Cutoff Rigidity using ISS Measurements, Adv. Space 
Res., 47, 600-610, 2011.  http://dx.doi.org/10.1016/j.asr.2010.10.021  
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 The most important achievement of the paper is the proof of 
the solar modulation of the long-term  variations of the 
averaged flux and dose rates observed in the L range 
between 4 and 6.2 or outside the magnetosphere during 14 
Liulin-type experiments between 2001 and 2019; 
 

 The major advantage of the data is that they are obtained by 
the electronically identical Liulin type instruments; 
 

 These experimentally obtained data can be used for the 
modelling of the GCR space radiation risks to the humans in 
the near Earth radiation environment. 
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averaged data (7633 measurements per day from  possible 8640). The 
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