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Introduction

The analysisof the isotopic compositionof nucleiin galacticcosmicrays (GCR) in the orbital experiment
PAMELA allows oneto studythe problemsof the origin and propagatiorof cosmicraysin the Galaxy Due

to the high statisticaland methodologicabhccuracythe dataof the PAMELA magneticspectrometeensured
significant progressin the study of the isotopic compositionof light nuclei from H to Be in GCR in the

energyrangeof ~ 0.1-1 GeV/ nucleonandfor the first time madeit possibleto estimatethe contributionto

GCRof local sourcedrom close(up to ~ 300 pc) of recent(up to ~ million years)supernovaxplosions To

date,isotopic analysisof boronnucleiin GCR hasbeenperformedonly in the energyrangeof ~ 0.08-0.17

GeV/ nucleonin the spaceexperimentd/oyager,Ulysses ACE / CRIS,andthe 13C / 12C carbonisotoperatio

wasmeasuredn theVoyagerl.2 experimengatanenergyof 0.050.13 GeV/ nucleon,andin the ACE / CRIS

experimentthe upperlimit for thel“C / 1°C ratio was estimatedat energiesof 0.12i 0.43 MeV / nucleon In

this work, using PAMELA datafrom 20062014 on the rigidity of the detectednuclei and their velocity

(time-of-flight analysisandionizationlossesn a multilayer calorimeter),an attemptwas madeto determine
the 1B / 1B ratio in the energyrange~ 0.1-1.0 GeV/ nucleonandfor thefirst time to estimatethe 14C / 1°C

ratio at energief ~ 0.1-1.5 GeV/ nucleonusing PAMELA borondata The new PAMELA dataexpandthe

energyrangeof previousmeasurementsagreewith the existing measurementand those expectedfrom

modeling,but the statisticaland methodologicabccuracyof measurementdoesnot allow to single out the

contributionof local boronsourcedo GCR, andthe dataon the 14C / 12C ratio allow usto estimatethe lower

limits of the distancesto possiblelocal sources'“C. The resultsof isotopic analysisof boron and carbon
nucleiin GCR (spectraof 12C, 13C, upperlimits of *4C andfor the 14C / *2C ratio dependingon therigidities

andenergyof nuclei)arepresentedn comparisorwith the existingmeasuremerdandcalculationdata
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PAMELA detectors

Main requirements = high-sensitivity antiparticle idenfification and precise m*gmentum measurement

Time-Of-Flight Tor (1) 7= =

plastic scintillators + PMT:  |*

- Trigger T ()

- Albedo rejection; k. 8 ARCONCINCGE
- Mass identification up o 1 GeV:| TS -

- Charge identification from dE/dX4

24 | Electromagnetic calorimeter | . osurmes £ - T

8. WiSi sampling (16.3 X0, 0.6 Al (CAB)

- Discrimination e+ /p, anti-p /e
(shower topology)

- Direct E measurement for e

Neutron detector

GF:215 cm?sr e O
Mass: 470 kg - High-energy e/h discrimination
Size: 13°ﬂ°X7'° cm? Spectrometer
Power Budget: 360W microstrip silicon tracking system + permanent magnet b i |
It provides:
- Magnetic rigidity - R =pc/Ze
- Charge sign
- Charge value from dE/dx

Oscar Adriemi  ICHEP 2010
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Fig. 2 The p spectrum (/eft) and the p/p flux ratio (right) measured by PAMELA [6], compared

with data from other contemporary experiments [8-13] and theoretical calculations for purely
secondary production of antiprotons in the Galaxy [14-16]

Antiprotons in GCR

PAMELA, PRL 105(2010)121101
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PAMELA Magnetic Spectrometer

Geometric
acceptance

Mass: Mé= R Z #Ai ()

1. Z from S1, S2, S3
2 . b=v/ c fror
Time resolution:

Z=1~ 250 ps

Z=2 ~ 100 ps
Tracking : i-coinci Z=3 ~ 85 ps
(6 Hianes) Z=4 ~ 80 ps

Z=5~ 80 ps

3. R from Tracker

MDR ~1TV
Calorimeter 4. Up to S3 X~5 glcn?
Scintill, $4 e 5. Orbit inclination70°

detector

Proton Antiproton
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E. VangioniFlam et al.
astroph 990717

NB. 6Li, 7Li from He+He by
E = 10100 MeV/nucl.
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Method of limits for isotopes selection (example), TOF

B,"'B 2006-2014
| R=1.1-1.3 GV, 0.002
B limit = 1.819 ! B +'B, PAMELA

' '°B, 0.150-0.204 GeV/n
B, 0.126-0.172 GeV/n
B + *'B, Simulation, GP

TOF

19 20 21 22
1/beta

Advantages:

1. Simple
2. Stable to 1/beta
distributions and
Isotope ratio in
reasonable limits
3. Precision of data
for 1/beta limits
~ 0.0020.004
4. Good agreement
with usual methods
by GCR H and He
iIsotopes analysis.
NB. Events in
crossing area
include in errors
of ratio data.
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Method of limits for isotopes selection (example), Calorimeter
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B,"'B 2006-2014
R=2.1-2.3 GV
22-44 Si
B +''B, PAMELA+0.17
'°B, 0.472-0.548 GeV/n
B, 0.402-0.469 GeV/n

% +''B, Simulation
LIS

Lim "B = 5.49 MeV

nuclear interactions background
can exclude by 2D-analysis ‘ ‘

L UL LIl
5

3,5 4,0 4,5 0

A
5,5

Energy losx cos6e, MeV

PAMELA
Calorimeter

Advantages:

1. Simple
2. Stable taE/dx
distributions and
Isotope ratio in
reasonable limits
3. Precision of data
for 10B limits
~ 0.01MeV
4. Good agreement
with usual methods
by GCR H and He
iIsotopes analysis.
NB. Events in
crossing area
include in errors
of ratio data.




7Li/6LI, 7Be/9Be, 10B/9Be HRatio before PAMELA

UC Berkeley Balloon Beryllium
‘BefBe

Lithium ISOMAX-98
CRIS(ACE)
VOYAGER
N.H. Balloon

LIS, Moskalenko (2003) LIS, 500 MV
GP, Moskalenko (2003)

1
Energy, GeV/nucl.

] CRIS (ACE)
Beryllium VOYAGER

BefBe ULYSSES
ISOMAX-98

.-~ LIS, Moskalenko, 2003
4--- DHM, Moskalenko, 2003

1
Energy, GeV/nucl.

CRIS (ACE)
VOYAGER
ULYSSES
IMP 7,8
N.H. Balloon

=500 MV

1
Energy, GeV/nucl.



dI/dE, (m’sr s GeV/y*

PAMELA, 7Li/6Li-Ratio, R and ESpectra, 2002014

and Local Interstellar Sources (Preliminary data)
Bull.RAS, Physics 83(2019)967

LIS, 500 MV
GP, 500 MV

LIS, from Moskatenko (2003)
GP, from Moskalenko (2003)
PAMELA, Cal., TOA
AMS-01

ISOMAX98
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Lithium
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o g o O * e

X m

PAMELA, 3 iterations

4 5 6 7 8 9
Rigidity, GV

T
o °Li+Li, E. Vannuccini, 2015
from dI/dR ifLi use
% °Li+’Li, E. Vannuccini, 2015
from dI/dR if Li/ °Li use
°Li +Li
PAMELA

de Nolfo, 2006 iﬁé EH Dy, N Lithium
5 Fa » 2006-2014
L

o oL 2 )
"Li —e—CLi+'Li, R. Sparvoli, 2010 "
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’Li, TOF °Li, Voyager
o Li, TOF "Li, Voyager
1 1

01 1
Energy, GeV/n

di/dR, (m’sr s G\

PAMELA
Lithium

2006-2014
model A

Calorimeter.

—e— R.Sparvoli, 04.2010, MEPhI
(dI/dR vs dI/dE with'Li+°Li and if to useLi)
—#— AMS-02, 04.2015

—=— E.Vannuccini, 10.2015
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ApJ 862(2018)141

Calorimeter LIS, 500 MV
TOF

1
Energy, GeV/nucl.




dI/dE, (m’sr s GeV/y*

PAMELA, 7Be/9BeRatio, R and ESpectra, 2002014

and Local Interstellar Sources (Preliminary data)
Bull. RAS, Physics 83(2019)967
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dI/dE, (m’sr s GeV/y*

PAMELA, 10Be/9BeRatio, R and ESpectra, 2002014

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

PAMELA 0 2009,°H/'H, TOF
2H/1H—Ratio —o— 2009'2H/1H’ Cal _: ¥ PAM-2006, Calorimeter, half data fromXEg)). Lin. App. He“um
2009, 2013 O 2013,2H/1H, TOE _: GCR, I. Moskalenko (2003) Solar min.
e— 2013,2H/1H, Cal ] ) ©  PAMELA, TOF, ApJ 818(2016)68
K|m'2007, 500 MV ] AMS-01, 1998f =600 MV
Kim-2007, 900 MV V. pEsseri= a0y

*  PAM-2006, Calorimeter, half data fromXEg;), Cal. Res. PAM ELA

®  PAMELA, Calor., ApJ B:L8(2016)68A

AMS-02
RICH
(2017)

’H/*H-Ratio
*Hel/“He - ratio

GALPROP, solar min.

I
1

0,4

Energy, GeV/n Energy, GeV/n

Measured decreasing of 3He/4He,
O T e 2H/1H , 2H/4He in comparison with

K.C.Kim et al.

PAMELA

GALPROP simulation can indicate
55 * ; on additional Local Interstellar
o *Hl'He, TOF, 2009 ] Sources Of 1H and 4He |n CosmIC

—e—"H/'He, Cal, 2009

500 MV, Sim. 1 P
900 MV, Sim. ] R a y S e

’H/*He-Ratio

1 1 1 1
0,3 0,4 0,5 0,6 07
Energy, GeV/n




Be/(’Be +''Be) Ratio
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7Be/9Be+10Be Ratio, PAMELA in ApJ 862(2018)141
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stat. err. Be 2006-2014
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= 'BefBe+'Be, TOF, ApJ, 2018
O 'BefBe+Be, Cal, ApJ, 2018

=
3

stat. err.

+syst. err.
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Energy, GeV/n






Counts Number

dE/dx x co® , MIP

2D-analysis (dE/dx vs 1/beta) can use for background selection of nuclear intere
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10B and 11B, 12.1 GV, 20062014, TOF
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Background of nuclear interactions is not so big in the PAMELA TOF flight data
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Conclusion

Analysisof the isotopiccompositionof nucleiin galacticcosmicrays(GCR)in the PAMELA orbital
internationalexperimentallows to study the problemsof cosmicray origin and propagationn our
Galaxy. PAMELA magneticspectrometedataprovidedthe significantprogressn the study of the
light nucleiisotopiccompositionof GCR from H to Be in the energyrange~ 0.1i 1 GeV/nucl This
makesit possibleto estimatethe contribution of local (~ 100 pc ) young (~ 1 years) local
interstellarsources(LIS) from supernovaexplosionsinto GCR fluxes. The analysisof boron (B)
isotopefluxesin the GCRhassofar beencarriedout only in theenergyrange~ 0.08/ 0.17 GeV/nucl
in the spaceexperimentsvVoyager, Ulysses,ACE. In presentcontributionthe attemptwas doneto
determinethe 11B/19B ratio in the energyrange~ 0.1i 1.0 GeV/nucl for the first time on the baseof
20062014 PAMELA datausing the measurementsf the detectednucleirigidities, velocitiesand
lonizationlossesin a multilayer calorimeter The new PAMELA resultsare consistentwith existing
as experimentaldata and thoseexpectedfrom simulations Howeverthe statisticaland systematic
measuremerdccuracieslo not allow us to separateghe local boron sourcecontributionsinto GCR
fluxes The resultsof the boronisotopeflux analysisin GCR (1°B, 11B spectraand 'B/1°B ratio
dependencesn therigidity andenergy)are presentedswell asthe existingmeasurementataand
simulationresults BorondistributionsOf TOF of Calorimeter PAMELA datawereusedfor searchof
14Cé



SN 1572 (Tycho Brahe)
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Carbon Isotopes

To date, the isotopic composition of carbon nuclei in the GCR has been measured onl
the13C /12C ratio in the energy region ~ 00513 GeV / nucleon in the VOYAGER 1.2
space experiment and the upper limit fort&/1°C ratio was estimated in the ACE /
CRIS experiment for energies 0:0243 MeV / nucleon. In this work, using PAMELA
flight data 20062014, on the rigidity of the detected nuclei and their speed-(ifrfleht
analysis and ionization losses in the multilayer calorimeter of the device), an attempt v
made to determine the isotopic composition of carbon nuclei in the energy region of ~ |
1 GeV / nucleon. The halife of **C nuclei is 5730 years and can be detected in the cas
of a supernova explosion in the last ~ 3 yi€ars at a distance of ~ 100 200 pc. The result
of isotope analysis of carbon nuclei in GCR (spe#al®a 4 a n4d 1% - ratio
depending on the rigidity and energy of the nuclei) in comparison with the existing
measurement data will be presented.
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