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[1TnaHnpyemsbin akcriepumeHT OJIBO gomkeH cyuecTBEHHO
NPOABUHYTbL NPAMbIE NCCNeaoBaHUA MPOTOHOB N A4ep
KOCMUYECKUX Ny4yen B 0b6nacTb BbICOKMX 3Heprnn. B cnyyae
ANUTENBLHOro aKcnoHmnpoBaHua — o ~10 MaB. SHepruto
YyacTul, NNaHnpyeTca N3MepsATb C NMOMOLLbIO
MeENKOCEKLMOHNPOBAHHOIMO MOHU3aLMOHHOIo KanopumMeTpa,
3apsa4 — ¢ NOMOLLbIO KpEMHUEBLIX AeTekTopoB. OgHako
Hay4yHaqa 3aga4va dKCcnepmMeHTa MOXET OblTb CYLLECTBEHHO
paclumpeHa 6e3 gononHUuTenbHbIX 3aTparT. [1oToku
OENTPOHOB NpeacTaBnaoT 60bLON acTPOPUINYECKNN
NHTEpPEeC. Ha BbICOKNX AHEPIUAX TaKXKe BO3MOXXHO
oDOHapyXeHune agep TpuTus, obpasyroLmMxXca npm
doparmeHTauumn nepBuYHbIX aaep. [MoCckonbKy TPUTUN
PaanNoOaKTUBEH, ero CnekTpbl MOryT AaTb MHPOpMaLUUo 00
YCITOBUSIX PAcnpOCTPaHEHUA KOCMUYECKNX Nyden BONn3n
COSfITHEYHOW CUCTEMBI.



[1na paspgeneHna n3otonoB Bogopoaa
npegnaraeTcs UCNonb3oBaTh aHarnus
doopMbl KackagoB B KanopumeTpe, paHee
NPUMEHSBLLUNINCS NMpu obpaboTke
pe3ynbtaTtoB akcnepumeHta COKOJI-2.
bbino npoBegeHo MoaennpoBaHne
KackagoB, MHULIMWPOBAHHbLIX MPOTOHAMM,
OEUTPOHaMU U TPUTOHaMKM B byayLlem
akcnepumeHTe OJIBO. Noka3aHa
BO3MOXXHOCTb UX pa3geneHus.
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Abstract

‘We present the first measurement of the deuterium to proton ratio in cosmic mys, above 300 GeVinucleon. The data were obtained as
part of the SOKOL satellite experiment. The cascade curves generated by single charged particles in the calorimeter were analysed. A
hadronic showers" simulation was performed. Simulated and experimental cascade curves were compared. MNeural networks were used
to zelect proton and deuteron events, The deuterium to proton ratio was evaluated as 00114 = 0,023, whilat the deuterium to helum ratio
was evaluated as 1.64 =0.30 for encrgies between 300 and 2000 GeVin.

© 2016 COSFAR. Published by Elsevier Ltd. All rights reserved.
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1. Introdvction

For many vears, deaterons had been observed in cosmic
rays at energies of up to ~30 GeV/n (Apparao, 1973
Bogomolov el al., 1995; Picorza et al, 2013 de Nolfo
et al., 2000; Vannuecind, 2003, Adrani et al., 2016). Most
of the deuterium was produced by the spallation of helium
and heavier nuclei as a result of the interaction with the
interstellar mediom. Thus, measurements of deuteron spec-
tra are useful for research into cosmic ray diffusion mech-
anisms, in comparison with data for other nuclei.

Different experiments have been based on the applica-
tion of the Cherenkov threshold counters (Apparao,
1973; Bogomolov et al, 1993) or magnetic specirometers
(de Nolfo et al., 2000; Vannuccini, 3003). These technigques
have significant limitations. The prometncal factor of mag-
netic spectrometers is small (de Nolfo et al, 2000:
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Vannuecini, 2003) and similar devices cannol be used at
high energies.

Measurements al energies greater than 1 GeV/n have
been performed only as part of the IMAX (de Nolfo
et al, 2000) and CAPRICE9E (Vannuocini, 2003)
experiments.

There have been many cosmic ray experiments based
upon the use of ionisation calorimeters for energy measure-
ment purposes. The analysis of cascade curves and trans-
verse ionisation distributions have been used to separate
electron and proton evenis in some experiments {Chang
el al., 2008; Vasilyev el al., 2014, Atkin et al., 2015).

There are some differences with regard to proton and
deuteron cascade curves at the same energies. These differ-
ences can be exploited w separate dewteron and proton
evenls.

2, The SOKOL experiment
The SOKOL-2 experiment was performed during

1985-1986 (Ivanenko el al., 1993). The device was placed
aboard the KOSMOS-1713 satellite.
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PacnpepneneHne no curHany Ha «XBOCTe» Kackaaa
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HenpoHHble ceTun

NeuroPro0.25 3 cnosa no 10 HenpoHoB

Ha Bxoge: 10 3HayeHnn curHana B CUMHTUNNATOPE + HOMEp Crno4, B
KOTOPOM HauyMHaeTCcd Kackag.

Ha Bbixoae BO3MOXHbI 2 BapuaHTa:
A) copTMpPOBKa Ha 2 TMMNa — NPOTOHbI U CyMMa JENTPOHOB U TPUTOHOB;
B) copTpoBka Ha 3 TMNa NPOTOHbI, 4EUTPOHbI U TPUTOHBDI.

C nomouwbio GEANT4 HaurpaHo no 10000 npoTOHOB,
OEUTPOHOB U TPUTOHOB C 3Hepruen 100 'aB angd
00Yy4YEHMA N CTOMBLKO Xe AN TECTUPOBAaHUS

PaccMmoTpeHbl 2 BapuaHTa



Pe3ynbTaTbl UCNONMBb30BaHUA HEUPOHHbIX
ceten. BapuaHT A

PeanbHbIi TUM BoccTaHoB.
yacTuubl
D d+T
D 47% 53%

d+T 19% 81%




Pe3ynbTaTbl ICNONb30BaHUA HENPOHHbIX
ceten. BapunaHTt b

PeanbHbIn BoccTaHoB.
TUN YacTuubl

P d T
P 53% 9% 38%
d 29% 13% 58%
T 21% 9% 70%




BbiBOAbI

[To npogonbLHOMY pa3BUTUIO Kackaga rnpu 00sbLWOW CTaTUCTUKE
BO3MOXXHO pa3feneHne n3oTonos Bogopoaa

[1pn aTOM NpoLle BbIAENUTL CYMMaPHbLIXN CNEKTP AENTPOHOB U
TPUTOHOB Ha POHE CMneKTpa NPOTOHOB

bnarogaps BbICOKOMY reomeTpudeckomy daktop (>16 macp)
annapartypa OJIB3O moxeT obecnevynTb U3MEPEHNS NMOTOKOB
OENTPOHOB N TPUTOHOB B LUMPOKOM SHEPreTUYECKOM
OvnanasoHe 6e3 N3MeHEeHNN KOHCTPYKLUUN

[lna noBbILLEHUA Ka4yecTBa pasfeneHns KOMMOHEHT B
JanbHenLeM nraHupyeTcs HaurpaTtb AOMNONTHUTENbHYIO
CTaTUCTUKY U UCMONb30BaTh MOMUMO NMPOAOSTIbHOIO Pas3BUTUSA
Kackaga ero nonepeyHble pacnpeaeneHus.

BoamoxHo, B akcnepumeHTe COKOJI-2 Habrnoganuck He
TONbKO MPOTOHbI U AEUTPOHbI, HO N TPUTOHbLI BLICOKUX SHEPTUN.
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