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Kocmuueckuu gerexkrop TYC

W3mepenue criekTpa, MacCOBOTO COCTaBa M aHU30TPOIHH KOCMHYECKUX
nydeii mpenenbHO BhICOKHX sHepruii (KJIIBD) E ~ 10%° 5B (8 1000 pa3
6omnpme sueprun yckopurenst LHC!) u mouck ucrournkos KJITIBD sBnsercs
OIHOH W3 BYKHEHIINX 33a]]a4 COBPEMEHHOM acTpO(PHU3NKH BRICOKAX YHEPTHH.
Hecmotpst Ha MHOTOJIETHHE HCCIIEIOBAHMS IINPOKUX aTMOC(EPHBIX JINBHEH
(ILIAJT), obpazoBanubix yactuiiamu KJIIIB3, ocHOBHBIE BONpoCkl (hHU3UKH
KJITIB3 octaroTcst OTKPBITBIME, IPEX /i€ BCETO U3-3a HEJJOCTaTOUHON CTaTH-
CTHKH CYLIECTBYIOIIUX IKCIIEPUMEHTAIbHBIX JaHHBIX BCIEACTBHE MAJIOCTH
ux noroka (~ 1 gactuna Ha 100 kM 3a 100 JIET), a TakKe WX MPOTUBOPE-
YUBOCTHU. B CBSI3M ¢ 3TUM 0COOBIN MHTEPEC MPEACTABISIIOT MPOEKTHI HOBBIX
ncciepoBaanii IIAJI ot gactury KJIIIBD ¢ 6opra kocMuyeckoro amrmapara
Ha opOWTe CIyTHHKA 3eMyin. BaXXHBIM NMpEerMyIIECTBOM TAaKOTO JIETEKTOpa
SIBIISIETCS] BOSMOKHOCTB MOJTyUSHHMS JAaHHBIX CO BCEX HAIpaBJICHUH HeOeCHOM
cepsl ¢ TOMOIIBIO OHON M TOW e YCTaHOBKH W METOIMKH, a TaKXKe BO3-
MOKHOCTB OJTHOBPEMEHHOTO U3MEPEHUS (PIIyOPECIIEHTHOTO U YePEHKOBCKOTO
curnana IIAJIL. Jlerextop TYC sBnsieTcst mepBOil yCTaHOBKOM I U3MeEpe-
HUS (IIYOPECIICHTHOTO U YepeHKoBcKoro n3nyuernit IHIAJI, poxnaemsIx ya-
crunamu KJITIBD, ¢ kocmuueckoit opoutsl. OH 3amymieH 28 ampens 2016 .
Ha COJTHEYHO-CHHXPOHHYIO OpOUTYy ¢ KocMoapoma «BocTounslii» Ha GopTy

V.M. Grebenyuk, A. A. Grinyuk, M. V. Lavrova,
A. V. Tkachenko, L. G. Tkachey

TUS Orbital Detector

The measurement of spectrum, composition and anisotropy of Ultra
High Energy Cosmic Rays (UHECR) E ~10%° eV (1000 times the LHC
energy!) and the search for possible UHECR sources are an important part
of the particle physics study. Despite years of research of the Extensive Air
Showers (EAS), the results in the UHECR physics do not give clear answers
to the most important questions, to a large extent the problem is due to a very
low UHECR flux (~ 1 particle per 100 km? over 100 yr) as well as data incon-
sistency. Thus, the projects of new studies of the UHECR from the satellite in
the orbit of the Earth are very interesting. An important advantage of a space
detector is the possibility of taking data from different arrival directions of
the sky with the same apparatus and the same systematic uncertainties, as
well as the possibility of measurement of the fluorescence and the Cherenkov
signal of EAS. The TUS detector is the first setup to measure fluorescence
and the Cherenkov radiation of EAS produced by particles from the orbit.
The TUS was launched on 28 April 2016 on a solar-synchronous orbit from
the Vostochny spaceport on-board the “Lomonosov” satellite. The main goal
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ciyTHUKA «JIOMOHOCOB». I T1TaBHOM LIE€IbI0 KOCMHUYECKOIO
skcriepuMmenTa TYC sBIseTCS HCCIeIOBaHUE KOCMUYe-
CKHX JIy4eH IIpeleIbHO BEICOKMX YHEPIHil.

TYC npexncrasuser coboii Teneckom-pedaekrop
(puc. 1), cocrosmmii U3 3epkajia-KOHIIEHTpaTopa (GpeHe-
JNIEBCKOTO THIA OOMbIION Tiomamu (2 M%), mpeaHasHa-
4yeHHoro st cobopa u QoxycupoBku curnana IIIAJI Ha
Mmarpuny GoronpueMHuka u3 16 X 16 poroymHoxurenei
(DY), pacrnonokeHHbIX B (HOKAILHON TUIOCKOCTH 3epKa-
na. OT6op MONE3HBIX COOBITHH TSI JATBHEUIIIETO aHAIN3a
OCYIIECTBIISIET ABYXYPOBHEBAsA TPUITEPHAs CUCTEMA.

PerynspHblii cOOp IaHHBIX MPOMCXOAUT ¢ 16 aBry-
cta 2016 . ¢ HauOOIBIINM MPUOPUTETOM B OTHOIICHUHU
pexxnma peructpanun ITAJL. Vxe 3apeructpupoBaHO
6omee 200000 cobbituit. [Tpu moucke KIJITIBD-coObiTHiz
ObUTO HalieHO OOJIBLIOE KOJIMYECTBO (POHOBBIX COOBITHIA

- .
AT THE LABORATORIES OF JINR

Pa3IUYHOTO MPOUCXOXKICHHSI, KOTOPbIe BO3ZHHUKAIOT B ar-
Mocdepe 3eMiIH, TaKHe KaK BCIBIIIKH TPO30BON MPHPO-
IIbl, COOBITHSI THNA «Ab(». bonburyto rpynmy (HOHOBBIX
coObITHH (~12 %) MPEenCTaBISIOT HHTCHCUBHBIC BCIIBIIIKH,
pa3BHUBAIOIIMECS 32 BpeMsl MEHEe OJTHOTO TaKTa JIJIUTEIb-
HOCTBIO 0,8 MKC, HICTOUHHKAMU KOTOPBIX SIBJISIFOTCSI KOC-
Mu4eckue yacTullpl ¢ aueprusamu 100-200 MaB, npoxozs-
LIMe yepe3 CTeKIsHHbIe GrIbTphl epen GOY.

brino natimeno Heckonbko naecsatkoB ITAJI-xammou-
naroB. Ananu3 gaHHeiXx TYC mokaswIBaeT, 4YTo OObIIas
4acTh OTOOPAHHBIX COOBITHH SIBIISCTCSI KOPOTKUMHE HETIOJ-
BIDKHBIMHM UCTOYHUKAMU CBETA, B TO BPEMs KaK CUTHAJ OT
HIAJI pacnpocrpansiercsi B arMocgepe Ha MHOTO KHJIOMe-
TPOB CO CKOPOCTBIO CBETA.

Ha puc.2 npezacrasieHsl pe3yabTaThl UCCIIEAOBAHUS
Haubonee yoeaurensHbix [IIAJI-kanaunaros. Ha BepxHeit

Puc. 1. CneBa: cxemarnueckuit Bua gerekropa TYC

Ha GopTy cryTHHKA «JloMOHOCOBY. CripaBa: 3alycK CryTHHKa «JIOMOHOCOBY ¢ KocMoapoMa «BocTouHbI»

Fig. 1. Left: scheme of the TUS detector on-board the “Lomonosov” satellite.
Right: launch of the “Lomonosov” satellite from the Vostochny spaceport

of the TUS space experiment is to study Ultra High Energy
Cosmic Rays.

There are two main parts of the detector: a modular
Fresnel mirror (2 m?), which is designed to collect and fo-
cus the EAS signal on photodetector, and a photo receiver
matrix with the corresponding DAQ electronics (Fig. 1).
The photodetector consists of 16 modules, each of 16 pix-
els, and the front-end photodetector module board. The
TUS trigger system, that consists of two levels, selects the
useful events.

The regular data have been received since 16 August
2016 with the highest priority for the EAS mode. More
than 200000 events have been registered. A significant

EI

part of the events in EAS mode are slow flashes of thun-
derstorm nature and the so-called “elve” events. A large
group of events (~ 12%) are instant flashes that develop
during 0.8 ps in a group of neighboring pixels arranged
in a structure and look like a track. The simulation shows
that sources of such events can be protons with energies
100-200 MeV that hit the UV filters.

A few tens of EAS candidates have been found.
Analysis of TUS data shows that most of the selected
events are short immobile light source, although the signal
from the EAS spreads in the atmosphere for many kilome-
ters at the speed of light.
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YJacTU pHUCYHKa CXEMAaTHUYCCKH IMOKa3aHbl MaTpHUIbL (1)OTO-
JIeTeKTopa: (PHOJETOBBIM LIBETOM — HepaboTatoiiye DIV,
[ITAJI-xkaHAUATY OTBEYAIOT MUKCEIH Pa3HOro I[BETa B CO-
OTBECTCTBUH CO BPEMCHEM IIPOXOXKIACHHUA MaKCHUMaJIbHO-
ro curHana. B oboux cinyuasx IIIAJI pacnpoctpaHsercs
CIpaBa HaJeBO, CBEPXY BHM3 U YXOIHT 3a MPelebl MOt
3penust. Jnuna npoeknuu 1ITAJI B atmocdepe cocTasisier
15-20 kM, a uxX TPOoAOIDKUTENBHOCTh 120—-140 MKc, kak
9TO BHUJHO Ha HIKHEH 4YacTU PUCYHKA, 1€ IPUBEIECHBI

THCTOTPaMMBbI cpa0bOTaBUIMX MUKceeld. C TOMOIIBIO po-
rpaMMBbI peKOHCTPYKIMHU coObITHH B ferexkTope TYC ore-
HEHbI 36HUTHBIH 0 ¥ a3UMyTaJbHBINA @ YIIIbI U1 KaHAU/1a-
ToB IIIAJI, mpencTaBieHHBIX HA pHC. 2: JIEBOE COOBITHE —
0 =33°, ¢ =225°, npaBoe cobbiTne — 0 = 22°, ¢ = 253°.

B Hacrosiiee Bpemst ciiyTHHK «JIoMOHOCOBY Tipozoi-
’kaet cBoit noner, ngerekrop TYC pabotaeT HOPMaIbHO U
MPOJOIKAeT HaOUpaTh TaHHBIE.

Puc. 2. IIAJI-kanaunaTel. Bepxy: n3o0paskeHue COOBITHI ¢ aKTHBHBIMH MHUKCceNsIMU Ha MaTpune @OY. BHI3Y: cTeKoBbIE THCTOTPaMMBI
cpaboTaBIIMX IMHUKCeIel B 3aBUCUMOCTH OT BPEMEHH I0CIIe BEIYUTaHUs (DOHA M HOPMHUPOBKH Ha ycunenue OOV
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Fig.2. The EAS candidates. Upper plot — image of events with hit pixels on PMT matrix. Bottom plot — the amplitude variation of

time for selected hit pixels (stack histogram)

The results of the research of the best and the most
convincing EAS candidates are presented in Fig.2. In the
upper panel of Fig. 2 the photodetector matrix is shown —
dead PMT are shown in purple, the pixels of different col-
ors correspond to the EAS candidate in accordance with
the time of passage of the maximum signal. In both cases,
the EAS spreads from right to left, from top to bottom and
extends beyond the field of view. The length of the EAS
projection on the ground is 15-20 km and EAS duration
is about 120-140 ps, as follows from the stack histogram.
Using the program of reconstruction of events in the TUS
detector, the zenith and azimuth angles for the EAS can-
didates in Fig.2 are calculated: the left event 6 = 33°,
¢ = 225°, right event 6 = 22°, ¢ = 253°.

At present, the “Lomonosov” satellite continues its
flight; the TUS detector is operating normally and continu-
ing to take data.
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