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                                                                        Introduction 
The analysis of the isotopic composition of nuclei in galactic cosmic rays (GCR) in the orbital experiment 

PAMELA allows one to study the problems of the origin and propagation of cosmic rays in the Galaxy. Due 

to the high statistical and methodological accuracy, the data of the PAMELA magnetic spectrometer ensured 

significant progress in the study of the isotopic composition of light nuclei from H to Be in GCR in the 

energy range of ~ 0.1-1 GeV / nucleon and for the first time made it possible to estimate the contribution to 

GCR of local sources from close (up to ~ 300 pc) of recent (up to ~ million years) supernova explosions. To 

date, isotopic analysis of boron nuclei in GCR has been performed only in the energy range of ~ 0.08-0.17 

GeV / nucleon in the space experiments Voyager, Ulysses, ACE / CRIS, and the 13C / 12C carbon isotope ratio 

was measured in the Voyager 1.2 experiment at an energy of 0.05 0.13 GeV / nucleon, and in the ACE / CRIS 

experiment, the upper limit for the 14C / 12C ratio was estimated at energies of 0.12–0.43 MeV / nucleon. In 

this work, using PAMELA data from 2006-2014, on the rigidity of the detected nuclei and their velocity 

(time-of-flight analysis and ionization losses in a multilayer calorimeter), an attempt was made to determine 

the 11B / 10B ratio in the energy range ~ 0.1-1.0 GeV / nucleon and for the first time to estimate the 14C / 12C 

ratio at energies of ~ 0.1-1.5 GeV / nucleon using PAMELA boron data. The new PAMELA data expand the 

energy range of previous measurements, agree with the existing measurements and those expected from 

modeling, but the statistical and methodological accuracy of measurements does not allow to single out the 

contribution of local boron sources to GCR, and the data on the 14C / 12C ratio allow us to estimate the lower 

limits of the distances to possible local sources 14C. The results of isotopic analysis of boron and carbon 

nuclei in GCR (spectra of  12C, 13C, upper limits of 14C and for the 14C / 12C ratio depending on the rigidities 

and energy of nuclei) are presented in comparison with the existing measurement and calculation data. 
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Method  of limits for isotopes selection (example), TOF 

     Advantages: 
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    isotopes analysis. 
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Method  of limits for isotopes selection (example), Calorimeter 

     Advantages: 

 

1. Simple 

2. Stable to dE/dx 

    distributions and 
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7Li/6Li, 7Be/9Be, 10B/9Be E-Ratio before PAMELA 
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PAMELA, 7Li/6Li-Ratio, R and E-Spectra, 2006-2014 

and Local Interstellar Sources (Preliminary data) 
Bull.RAS, Physics 83(2019)967 
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PAMELA, 7Be/9Be-Ratio, R and E-Spectra, 2006-2014 

and Local Interstellar Sources (Preliminary data) 
Bull. RAS, Physics 83(2019)967 
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PAMELA, 10Be/9Be-Ratio, R and E-Spectra, 2006-2014 

and Local Interstellar Sources (Preliminary data) 
Bull. RAS, Physics 83(2019)967 
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PAMELA, 2H/1H, 3He/4He, 2H/4He E-Ratio 

and Local Interstellar Sources 
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10B and 11B, 1.5-2.1 GV, 2006-2014, TOF  
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    Background of nuclear interactions is not so big in the PAMELA TOF flight data. 
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PAMELA. Correction of B data to TOA (Space), Xc, FWHM 
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Conclusion 
Analysis of the isotopic composition of nuclei in galactic cosmic rays (GCR) in the PAMELA orbital 

international experiment allows to study the problems of cosmic ray origin and propagation in our 

Galaxy. PAMELA magnetic spectrometer data provided the significant progress in the study of the 

light nuclei isotopic composition of GCR from H to Be in the energy range ~ 0.1–1 GeV/nucl. This 

makes it possible to estimate the contribution of local (~ 100 pc ) young (~ 106 years) local 

interstellar sources (LIS) from supernova explosions into GCR fluxes. The analysis of boron (B) 

isotope fluxes in the GCR has so far been carried out only in the energy range ~ 0.08–0.17 GeV/nucl. 

in the space experiments Voyager, Ulysses, ACE. In present contribution the attempt was done to 

determine the 11B/10B ratio in the energy range ~ 0.1–1.0 GeV/nucl. for the first time on the base of 

2006-2014 PAMELA data using  the measurements of the detected nuclei rigidities, velocities and 

ionization losses in a multilayer calorimeter. The new PAMELA results are consistent with existing 

as experimental data and those expected from simulations. However the statistical and systematic 

measurement accuracies do not allow us to separate the local boron source contributions into GCR 

fluxes. The results of the boron isotope flux analysis in GCR (10B, 11B spectra and 11B/10B ratio 

dependences on the rigidity and energy) are presented as well as the existing measurement data and 

simulation results. Boron distributions 0f TOF of Calorimeter  PAMELA data were used for search of  
14C… 
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Carbon  Isotopes 

 
To date, the isotopic composition of carbon nuclei in the GCR has been measured only for 

the 13C / 12C ratio in the energy region ~ 0.05-0.13 GeV / nucleon in the VOYAGER 1.2 

space experiment and the upper limit for the 14C / 12C ratio was estimated in the ACE / 

CRIS experiment for energies 0.12-0.43 MeV / nucleon. In this work, using PAMELA 

flight data 2006-2014, on the rigidity of the detected nuclei and their speed (time-of-flight 

analysis and ionization losses in the multilayer calorimeter of the device), an attempt was 

made to determine the isotopic composition of carbon nuclei in the energy region of ~ 0.1-

1 GeV / nucleon. The half-life of 14C nuclei is 5730 years and can be detected in the case 

of a supernova explosion in the last ~ 5 104 years at a distance of ~ 100 200 pc. The results 

of isotope analysis of carbon nuclei in GCR (spectra 12С, 13С, 14С and    14С / 12С - ratio 

depending on the rigidity and energy of the nuclei) in comparison with the existing 

measurement data will be presented. 
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12C+13C. 14C(?) and 10B+11B, 4.3-5.1 GV, 2006-2014, TOF  
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12C+13C. 14C(?) and 10B+11B, 1.5-2.7 GV, 2006-2014, Calorimeter  
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12C+13C. 14C(?) and 10B+11B, 2.7-3.9 GV, 2006-2014, Calorimeter  
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12C+13C. 14C(?) and 10B+11B, 3.9-5.1 GV, 2006-2014, Calorimeter  
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PAMELA. Correction of C isotopes data to TOA (Space), Xc, FWHM 
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PAMELA, 14C/12C upper limits, 13C/12C-Ratio,  

C isotopes R and E-Spectra, 2006-2014 
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PAMELA 2006-2014, 14C/13C R-Ratio, 14C/13C E-Ratio, 

upper limits 
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    Pulsars and Supernova Remnants 

L = (D γ τdecay)
1/2, D = 3.3 1028 cm2 s-1,  τdecay = 5700 yr or  1,798 1011 s, 1 pc = 3.2616 light yr 

L(γ=1) = 7.702 1017 m or 23.61 pc,  L(γ) = 23.61 γ1/2 pc,  L(14C, 5 GV) = 37.39 pc     τdecay = 14295 yr 

                                                                                             L(14C, 3 GV) = 30.82 pc     τdecay =  9714 yr 

                                                                                             L(14C, 1 GV) = 24.66 pc     τdecay =  6274 yr     

SN: if 13C/12C = 0.01 and 14C/13C (5 GV) <  0.02898,        L(total) > 191.0 pc, Age > 73.0  kyr 

 PAMELA                         14C/13C (3 GV) <  0.01422,        L(total) > 189.0 pc, Age > 59.6  kyr  

                                                                   Pulsars                                                         14C/13C (1-3-5 GV) 

Geminga Pulsar J 0633+1746   Distance – 190 pc, Age – 342 kyr     3.25 1034 erg/s   < (0.8-2.3~4.9) 10 -3 

Monogem Pulsar B 0656+14    Distance – 290 pc, Age – 111 kyr      3.81 1034 erg/s      (0.5-2.5-7.7) 10 -4 

Vela Pulsar J 0835+4510          Distance – 294 pc, Age – 11.0-12.3 kyr   7 1033 erg/s      (3.3-4.2-5.1) 10 -4 

Crab Pulsar J 0534-5+2201(SN1054) Distance - ~ 2 kpc, Age -  6.5 kyr   4.6 1038 erg/s  (5.5-6.9-8.3) 10 -4 

 

                                                                  SN Remnants 

 

SN 185 (Ia ?)  RCW 86 ?          Distance – 919.8 pc, Age – 3.0+1.82 kyr                     (8.5-10.7-12.9) 10 -4 

SN 1006 (Ia)  SNR1006            Distance – 2.2 kpc,   Age – 7.2+1.00 kyr                      (5.0-6.3-7.6) 10 -4 

SN 1572 (Ia) (Tycho Brahe)      Distance -  2.3 kpc,   Age – 7.5 +0.44kyr                     (5.2-6.5-7.8) 10 -4 

SN 1604 (Ia) (Kepler SNR)       Distance – 6.13 kpc,  Age – 20+0.40 kyr                      (2.0-2.5-3.1) 10 -4 

Cas A 1630-1680 (IIb),  3C461  Distance – 3.37 kpc, Age – 11+0.33 kyr                       (3.6-4.5-5.5) 10 -4 

 

 

 

    AMS-02 carbon nuclei statistics probably allow to detect 14C… 

       The number of possible CR Local Sources can be about 10. 

 
 

          SN 1572 Tycho Brahe 



Conclusion 
 

Presented in this report preliminary data of the analysis of the isotopic composition of carbon 

nuclei in cosmic rays in the energy range of ~ 0.1-1.0 GeV / nucleus, obtained in the PAMELA 

experiment during measurements in 2006-2014, agree with the data of measurements on the 

Voyager 1, 2 spacecraft. and ACE / CRIS, extend the measurement range and PAMELA 

methodical errors by ~ 3 times less. Estimation of the ratios of 14C isotopes with a half-life of 

5700 years (taking into account the Lorentz factor 1.154-2.517 in the PAMELA measurement 

range of ~ 6600-14300 years) and stable 13C isotopes at a level less than ~ 0.01, taking into 

account the process of diffusion of nuclei from a possible source at a diffusion coefficient of ~ 

3.3 1028 cm2 s-1 allow us to conclude that a possible source of 14C nuclei cannot be closer than ~ 

190 pc and the birth of a supernova could not have occurred earlier than ~ 73 thousand years ago. 

Among the known SNs, the closest is Geminga at a distance of ~ 190 pc, but with an age of ~ 342 

thousand years ... An analysis of the possible observation of the 14C / 13C ratio from local SN 

explosions observed on Earth in the last 2 thousand years shows that an increase in the statistics 

of registering carbon isotopes by about 1-2 orders of magnitude compared to the PAMELA 

capabilities can lead to the registration of  14C nuclei from local sources ... This problem can be 

solved by the AMS-02 collaboration due to the huge aperture of the device. The co-authors of the 

work are naturally the members of the PAMELA collaboration, who provided the initial flight 

information. 



Best wishes in the process of Cognition :~) 

  Thanks 


