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[lamamu b.A. XpeHosa
noceAuWaemcA

B mypHan Kocmuueckue Mocnedoearun

B. A. Xpenog, [T.A. Knumoe, M.H. MNanacior, H.H. Kanmbikoe, C.A. Wapakud 1 M. 0. 3oToe

PenaTMBUCTCKUE NbUTMHKK KaK 0BbeKT HccneposaHMA C NOMOLLBbHY

opbutanbHoro ¢pnyopecueHTHOro geTektopa «TYC»
Kpameuoe codepmaHue

B cratbe oBcy:KOalOTCA pesynbTaThl NOMCKAE KOCMMUECKHX YUeil NPeae/bHO BbICOKMX SHEPTHIA
(KN NB3) ¢ nomowbto opbuTtaneHoro ¢ayopecyeHTHOro Teneckona TYC. Teneckon «TYC» Ha
BopTy cnyTHMKa «/IOMOHOCOE® — 3TO WHCTPYMEHT-MEPBONPOXOAEL, O1A HECKOAbKMX
KpynHomacwrabHbix kocmuueckux geterktopoe KN MB3, nogrotoenaemeix memKayHapoaHbiMm
rkonnabopaunMAMM € LEAbl W3YUEHWA HOCMMWUECHWX NYUYel C SHEepPrUAMM, NPEeBbIaolnmm
npegen lpensena-3auenwHa-Kyzomuua (npegen M3K). B gandbix getektopa «TYC» Beuno
EbIBPAHO HECKONbHO COBBITMI C XapaKTePUCTUHAMM, OMMUAAEMBIMK ANA TAKMX BBICOKMX IHEPTMWIA.
B oaHom uz Hux (coboimue TUS161003) nepenuHan sHepria Boina uzmepeHa kak Ep=1,0+0,2 33B,
YTO HE COMIacyeTcA C AaHHbIMK 0B MHTEHCUMBHOCTH TakMx COBBITHI, NONYYEHHBIMKW HA HAa3eMHBIX
AetekTopax. B HacToAwWwel craTbe 3TO pasHOrNacMe nNpeofoneBaeTcA MNPeffoMeHHeM o
CYWECTBOBAHMM HETPaAMLUMOHHbBIX NEPEMUHBIX KOCMMUYECKHWMX O0BBEeKTOE — MAacCMBHBIX YacTuL,
KOCMWUYECKOM NbUTK, ABMMYLLMXCA CO CKOpPOCTeo, BnMskon k chkopocTu ceeta. Hoebie nepeunuHbie
0BBeKTBI UMEIOT AONONHUTENBHBIN NAPAMETD — YKC/IO HYKJIOHOB B MX COCTABE B MOMEHT BCTPEUM
¢ atmochepoild 3emnu, BapuaLMy KOTOPOTO Jak0T HOBbIE SHCNEPUMEHTA/IbHBIE XaPaAKTEPUCTHHM
BTOpMuHOro cobeimma B atmocdepe. PaccmoTtpersl cobeimua B atmocdepe oT penaTMBMCTCHUX
MNbUIMHOK, COCTOALWMX M3 ALEp KPeMHWA WM Menesa, W3BecTHbix, kak Hawbonee wacto
BCTpeualwminca Bug meteopouaoe. Hoeole xapakrtepuctukn dnyopecueHumn atmocdepst,

CBAZaHbl ¢ BONbLWKM YKMCIOM HYHNOHOB, COCTABNAKLWMY NBIAMHKKM CBHEpFHEﬁ Ha HYHKNOH ~10T=B.
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Relativistic dust grains: a new subject of research with
orbital fluorescence detectors

B.A. Khrenov, N.N. Kalmykov, P.A. Klimov,* S.A. Sharakin and M.Yu. Zotov

Skobelisyn Insiitute of Nuclear Physics, Lomonosov Moscow State University, Moscow 119991, Russia
E-mail: bkhrenovayandex.ru, pavel.klimova@gmail.com

TUS (Tracking Ultraviolet Set-up) was the world's first orbital detector aimed at testing the
principle of observing ultra-high energy cosmic rays (UHECRS) with a space-based fluorescence
telescope. TUS was launched into orbit on 28th April 2016 as a part of the scientific payload of the
Lomonosov satellite, and its mission continued for 1.5 years. During this time, its exposure reached
~ 1550 km? sryr for primary energy = 400 EeV, and a number of extensive air showers-like events
were registered. The shape and kinematics of the signal in these events closely resembled those
expected from UHECRs but amplitudes of the signal and some other features were in contradiction
with this assumption. A detailed analysis of one of EAS-like events (TUS161003) revealed that
a primary cosmic ray would need to have an energy = 1 ZeV in order to produce a light curve
of the observed amplitude, which is incompatible with the cosmic ray spectrum obtained with
ground-based experiments. More than this, the slant depth of the shower maximum be the signal
produced by a cosmic particle, was estimated as < 500 g/fem®, which corresponds to cosmic rays
around 1 PeV. We present a preliminary discussion of a hy pothesis that the TUS161003 event and
perhaps some other bright EAS-like events could be produced by relativistic dust grains, which
were considered a possible component of the cosmic ray flux beyond the GZK cut-off some time
ago.
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* MrHoBeHHble TpeKku (0T nonagaHma 3apark.4acTul, B POTONPUEMHMUK).
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LLIAJT-noaobHble coOObITUA

* [ayccononobHana Kpmsas
cBeYeHuA.

* XapaKTepHoe Bpems
cBeyeHusa (0.1-0.2 mc).

* bonbloe KON-BO «aKTUBHbIX»
nuKceneu (BbICTPOEHHbIX
BAO/1b «TOJICTOrO» TPEKa).

* Buanmoe asurkeHue.

| TUS170915

120
Time, us



Buammoe apukeHue

° HGDEN\EU.I,GHME NMNKa CUTHA/1a U3
NMMKCeNA B NMNMUKCEJlb.

* OUueHKa BUAMMOUN CKOPOCTM.
* BoccTaHOBeHMe TpeKa.

* Pe3ynbTaT: NCTOYHUK YP-N3ny4yeHus
ABUKETCA NPAMOJIMHENHO C
penamuU8uUCmMCcKolU CKOPOCTbIO.

* [loctynnpya V = C, BOCCTaHaB/INBaAEM
HarpasaeHue rpuxooa.
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LIAJ1-onoao6bHble cobbiTna TUS

Mpobnembl LUA/T-uHTEpPNpPETALMN:

1) chnwKkom 6onbline sHeprum (>= 1 ZeV)
N CIMLLKOM MHOTO.

2) (KBa3n)BepTMKaibHble CObbLITUA

(3eHUTHBbIN yron 10-30°)

3) 60/1bWINHCTBO (BCE CO 3HaYMMbIM
nepemelleHmem) Haa tepputopmen USA.

Events Amax, ph.m > us™" | FDHM, us | Asymmetry | w,rad/s | V/c | AL, km
TUS161003 205 49 .4 1.56 210 0.34 10.0
TUS161031 121 61.8 2.18 122 0.20 74
TUS170915 442 72.0 1.69 173 0.28 12.1
TUS171010 452 62.8 1.82 179 0.28 10.6
TUS171029a 193 46.6 1.59 112 0.18 4.9
TUS171029b 443 63.8 1.61 81 0.13 4.9




[mnote3a BBI1 1 VOR

e BBM: B3N1ETHO- TUS170915: Craig Moffat County Airport
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* VOR: VHF
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[vunoTte3a BBl n VOR

O: Cherry Point Mcas Airport
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CobbiTne TUS161003 (Minnesota Event)

* MNapameTpbl cOObLITUA: 300 -
E(LLAJT) > 1 ZeV

/n = 20-40°, FDHM = 50 mKc
Hax > 7-8 KM
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* BapuaHnmel Uumepnpemayuu: LLUAJI,
UMNYNbC Nasepa,
CUHXPOHMU3NPOBAHHAA BO BpeMeHMU
nocnenoBaTe/IbHOCTb BCMbIWEK 1amn,
ocsBeTuTenbHaa cmcrtema BII,
bopToBble pOHAPU CaMOET],
«nogorpesaHmna» noHocdepobl VOR-
CTaHUMAMMN...
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Penatmusucrckume nbinnHKM (Pl1) Kak HOBaHA
KomnoHeHTa RJ/1 [1B3

* [pegbicTopua Bonpoca: Spitzer (1949), Hayakawa (1972),
Berezinsky&Prilutsky (1973,1977), Linsley (1980), Anchordoqui (2000).

* PaboTta KanmblikoB, XpeHos,l[apunos, CbiueB 1 ap. (2004) («dnyopecueHuUMS
aTmocdepbl NPU MPOXOKAEHUN CYOPENATUBUTCKUX U PENATUBUCTCKNX
NbIJIMHOK, YCKOPEHHbIX BO B3pbIBaX CBEPXHOBbLIX, N €€ PerncrTpauus
ONTUYECKMMU AETEKTOPAMUY)

* 0630p Hoang, Lazarian&Schlickeiser (2014): npobnema yckopeHus PI1,
npobnema «BbiXKMBaHUA» Pl B MeXranaktnuyeckom, mexK3Be3aHomn cpee 1 B
ConiHeYHOM cucTeme.

e dnyopecueHUma (Bo3byKaeHMe a3oTa): Bbixoa dayopecueHumm q(X)
NponopLunoHaneH MoHM3auMoHHbIM notepam dE./dX (g Kackaga Ha
BbicoTax 0—30 KM 0K0/10 5 $pOTOHOB Ha METP NYTU KAXKA0ro 3N1EKTPOHA).



CBeYyeHue pPensaTUBUCTCKOM MbITMHKM

* [unote3a b.A. XpeHoBa o Tpex BKiaaax B YP-nsnyyeHue (payopecueHums):
1) oT nepBUYHbIX MOHOB (MPONOPLNOHaNbHaA Z2).

2) OT CMIbHO MOHU3YIOLWMX (OTHOCUTENBHO TAMKE/NbIX, MANOMNOABUMKHbIX)
dbparmMeHTOB A4ePHOro pPacLLenaeHnsa, BO3HUKAOLWMX B CTOIKHOBEHMAX Pl ¢
AlpamMmn BO34yxa.

3) OT MOHU3AUMN PENATUBUCTCKMMM KaCKaaHbIMU dneKTpoHamu LA,
UHNLUUNPOBAHHbIX COCTaBNAWMMU aapammn HaneTatouweu PI1.

* BAMHO: Hann4ymne Tpex KOMNOHEHT dayopecueHUUN NPUBOANUT K TOMY, YTO
B 3aBMCMMOCTM OT napameTpoB Pl pernctpupyemble c opbuTbl cobbITUA
MOTYT UMETb pa3Hyto (M A0BONbHO CNOXHYIO!) NpocTpaHCTBEHHO-
BPEMEHHYIO CTPYKTYPY CUrHaNa.

. B.Ai.o)§peHOB cAenan oueHkn ana cueHapues ¢ E, =100 93B, N, = 10°-10%° (y
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JK30TUYECKOoe cobbiTme bl B0 |
o L=
TUS170426 i
L [E(3,12)
* MlepBan coCTaBNAIOLLAA CUTHaNA — B :
nukcene (3,6) — utor craaum o
pacuwenneHna aaep. IddeKT 200l
HaCbILWEeHUA NPUBOAMT K L
«METOANYECKOMY» YIWNUPEHUIO .
curHana (bonblme Tokm B PIY). T
* Bropas cocTaBnAoLLan — CTaauA 5 F B
pa3sutua LLUAJ1 — cooTseTcTByeT wo- B

MCTOYHUKY, ABUXKYLLLEMYCA
(KBA3Kn)ropmM3oHTaNbHO CO CKOPOCTbIO
ceeTa (1 oueHkon sHeprmm 500-1000 200
33B).
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MoaennposaHue PI1 8 CORSIKA+ESAF
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* OLEHKM BbICOTbI U IYOUHBI Makcumyma ana: H . > 7-8 Km, X
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Flow Diagram for simu

of n =

Input parameters
E=Ey,/N=A*E,/n
100 showers
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Intensity, ph. us~tm=2

KpnBas cBeyeHUa *KenesHou NblJINHKKY
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KpmvBaa cBevyeHna: Zn = 45°
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MHOroKpaTHOe pacceaHmne
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dE,/dX,

O LLe AR PB/(r/cwm?) (1024 cm?| r/cm?

BK/1a OB 0,4 166 54 216 26
1,56 43 14 224 27

E,=10033B, N, =10%° (y ~ 10)

100 | 100 | S6(F) 1
100

E,, GeV 10 1,8-10° 1011
X arc, I/ CM?2 290 360 750 830

9,5 7,8 3,2 15
20-105 1,910 - i

1,5-10%° 1,7-10%° 1,8-10%° 2-10%
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