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TO THE QUESTION OF THE EXISTENCE
OF CENTAURS - EVENTS IN COSMIC RAYS

Abstract. One of the first exotic phenomena observed in the 80s of the last century was an event registered by a
calorimetric type installation. In this event, an anomalous relationship was observed between charged and neutral
hadrons, arising from the collision of a high-energy particle with a carbon nucleus. In accordance with the principle
of isotopic invariance, the number of neutral pions should be equal to the number of charged pions. The event, which
was recorded by Japanese physicists, contained only charged peonies with no neutral [1]. This event was named
"Centaur".

Until now, such events have not been observed in accelerator experiments. The article presents the results of
searching for such events in experiments at the DESY HERA collider. For the candidates for Centaur events and for
all other events, constructed distributions by the type of fitability of charged tracks in CTD.

Since the absence of neutral particles in events is explained by methodological reasons, "Centaur" events were
not detected in electron-proton interactions at the ZEUS facility.
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In e + p interactions obtained at the ZEUS facility (Hamburg, Germany), analysed the distributions
over the multiplicity of charged particles, registered in the central track detector (CTD), and neutral,
registered in the uranium calorimeter (CAL). An anomalously large number of events was detected in the
range of charged particle multiplicity from 40 to 100, where the neutral component is factually absent.
Figures 1-2 show the distributions of the multiplicity of neutral particles from the multiplicity of charged
particles for exposure 07p, where this anomaly is clearly appears (shown by an arrow). A similar picture is
observed for all other exposures (03, 04, 05, 06e and 06p).

A similar phenomenon has already been observed in cosmic rays. Thus, long-term measurements of
the processes occurring with cosmic particles in the Earth's atmosphere, performed by various
experimental methods, led to the discovery of a number of exotic phenomena that do not fit into the
modern concept of interactions at high and ultrahigh energies. One of the first exotic phenomena observed
in the 80s of the last century was an event recorded by a calorimetric type installation. In this event, an
anomalous relationship observed between charged and neutral hadrons, arising from the collision of a
high-energy particle with a carbon nucleus. In accordance with the principle of isotopic invariance, the
number of neutral pions should be equal to the number of charged pions. The event, which was recorded
by Japanese physicists, contained only charged peonies with no neutral [1]. This event was named
"Centaur". Further experiments with a similar technique performed in different collaborations
(collaboration "Pamir" [2], Japanese-Brazilian collaboration [1], etc.), were aimed at finding such events.
Table 1 shows the statistics of Centaur events accumulated over all these years.
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Statistics of Centaur events accumulated in different experiments [1-3]

Laboratories Height Absorbers Exposition Amount
m (g/cm?) above cameras m? per year Centaur events

Chacaltaya 5200 (540) 2-layer carbon 300 8
(Brazil-Japan)

Pamir 4300 (600) carbon 500 3
(USSR-Poland) or 4900

Pamir 4300 Carbon or thick plumbum 530 2
(Russia-Japan)

The table shows that the number of Centaur events is small. Thus, the discovery of this phenomenon
remains questionable due to poor statistical availability. Until now, such events have not been observed in
accelerator experiments. Nevertheless, it is planned to search for such events in experiments at the DESY
HERA collider.
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Figure 1 - Distribution of the multiplicity of neutral particles from the multiplicity of charged
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Figure 2 - Distribution of the multiplicity of charged particles for events without a neutral component

To check whether the appearance of Centaur events in e + p interactions is connected with any
methodological factors in the ZEUS setup, for candidates for Centaur events and for all other events,
distributions were constructed by the type of fitability of charged tracks in CTD.
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All charged tracks are divided into three categories: tracks fitted to the primary interaction vertex,
tracks fitted to secondary vertices, and unfitted tracks. Figures 3 - 4 show the distributions by fit type for
the Centaur event candidates and for all others. It can be seen that in the Centaur events, in comparison
with the rest of the events, unfitted tracks predominate and a small proportion of tracks originating from
the primary summit. From an analysis of the distributions over ionization losses d£ / dx for unfitted tracks
it follows, that the main source of their appearance should be considered secondary interactions in the
materials of the detector components, since they exhibit an increased content of protons and even a
significant amount of deuterons.

About half of the Centaur event candidates have a primary apex located 80 cm from the central region
of the detector, which makes it difficult to reliably register all particles, especially neutral ones in CAL.

Track Fitting for Events with neutral
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Figure 3 - Distributions by fit type of tracks for events with a neutral component

To neutralize methodological factors that may affect the appearance of Centaur events in e + p
interactions for analyzed events were subject to the following conditions:

- in all events unfit tracks removed;

- were taken into account only the events with a primary vertex in the region | Zup | <50 cm.

Track fitting for Events without neutral
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Figure 4 - Distributions by the type of track fit for candidates in Centaur Events
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Figures 5 - 6 show the distribution by the number of such events without a neutral component from

the multiplicity of charged particles in the usual and logarithmic scales.
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Figure 5 - Distribution of charged particles for events without neutral component
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Figure 6 - Distribution of charged particles for events without neutral component

Conclusion. With increasing multiplicity, there is a natural exponential decline in the number of
events and no anomalies appear. Thus, no events detected in electron-proton interactions at the ZEUS
"Centaur", since the absence of neutral particles in events is explained by methodological reasons.

Acknowledgement. The presented work carried out within the framework of the grant project
AP05131547 «Investigation of decays of charmed baryons and hidden charm mesons produced in e + - p
interactionsy» financed from the Republican budget.
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FAPBIII COVJIECIHAE KEHTABP — OKUFAJIAP/IbIH 5OJY MOCEJIECI

AnHoTanusi. OTKeH rachIpAblH SO0-KbUIAAphl OaliKairaH ajFaliKbl 3K30THUKAIBIK KYOBUIBICTAPIBIH Oipi —
KaJIOPUMETPJIIK THITETi KOHABIPFRIMEH TIpKEJITeH OKuFa efi. byn okurazna >korapsl SHeprusi OemeriHiH KeMipTeri
SPOCHIMEH COKTBIFBICYBIHAH Taiija OOJIFaH 3apsiITalraH koHe OelTapan aapoHIap apachblHIarbl KaJbIITH eMec
KaTbiHAac Oaikaiel. VM30TONTHIK MHBAapUaHT NMPUHLIMIIHE ColiKkec OedTapamn NMUOHAAp CaHbl 3apsATalFfaH NHOHIAp
caHplHa TeH Ooxysl kepek. JKamoH ¢usmkTepi TipKereH OKura Oeitapanm OonMaraH Ke3lle TeK 3apsATairaH
muoHAapAbl KaMThIas! [1]. byt okura «KeHTaBp) Oem atamnmbl.

KenraBp campl — a3. Ocpuraiiima Oyl KyOBUTBICTBIH AamlbUTy >KaFgaifbl HaIIap KOJDKETIMII CTaTHCTHUKara
OaiinaHbICThl OONFaHABIKTaH KYMOHII. OChl yakbITKa NEWiH MyHJai OKHWFajiap YAETKIIITErl SKCHepHUMEeHTTepe
Oaiikanmansl. Jlereamen LHC komnaiinepinzieri sKkcriepuMEHTTEp/Ie OChIH/Iall OKUFalapAbl i3[ey JKOCHapiianyia.

KenTaBp okuranapbiHbiH naiina 6onysl ZEUS KOHABIPFBICBIHAAFEI Ke3-KeIreH oicTeMenik (hakTopiaapMeH etp
e3apa KaTblHAaChbIHA OaiiJIaHBICTBI €MECTIriH Tekcepy YuliH KeHTaBp okurajapblHa yMiTKepiep MeH OapiblK Oacka
okuranapra CTD-zne 3apsaranran TpekTepAiH GUTYJISUMSUIBIK Typi OoiibIHINA yiecTipinai. bapnbik 3apsaranran
TPEK YII caHaTKa OeiiHeNi: e3apa KaThIHACTHIH OacTamKhl IIBIHBIHA CUITEME JKAaCaFaH TPEKTep, CKIiHII IIBIHFa
OekiTinreH oHe xeriimereH Tpekrep. MoHnannsipeuiMaiTein sxonra dE/dx vmoHnaHy 1bIFbIHEI OoiBIHIIA Oeury i
TanmaygaH ONApIbIH Taijga OONMYBIHBIH HETi3ri Ke3l IETEKTOp KOMIIOHCHTTEpI MaTepHalIapbIHAarbl KaiTaiama
e3apa KaTBIHACTHI KapacThIPFaH JKOH, OMTKeHi oapIaH Kol MeJIIepAeTi IPOTOHIAp JKOHE TeHTOHAapIBIH Ja endyip
Mermiepi GaifKanambl.

KeHnraBp okuramapeiHa YMITKEpICPHIH IKAPTHICBIHA JKYBIFBI NIETEKTOPIOBIH OPTaNbIK aiMmareiHaH 80 cM
KAIIBIKTHIKTa OpPHAJACKaH OacTamKpl IIbIHFA We opi Oyl »karmail Oapiblk OesmiekTi, acipece, Oeditapan OeJIIEKTI
CAL-na cenimai Tipkeyni kypuaenenmipeai. KeHraBp oOKuranapblHbIH Iaiga OoJyblHA ocep €Tyl BIKTHMal
omicTeMeniK (pakTopIap bl TEHECTIPY YIIIiH e*p 03apa dpeKeTTeCy TAIAaHFaH OKUFaIapra Kelleci mapTTap KOWBUIIbL:

- OapJIbIK OKHMFaJa KapaMChl3 TPEKTEP alIbIHBII TaCTaJIbI;

- ayMakTa 0acTaIlKbl IIBIHBI 0ap OKUFaap FaHa ecKepingi / Zpepm/ < 50 cM.

KenTikTiH >KOFapbulaybl apKbUIbI OKWUFa CaHbl TaOWFM OSKCIOHEHIMANIbl TOMEHIETeH J>KOHE aybITKY
Oaiikanmmaiiner. Oceunaiima, ZEUS «KeHTaBp» KOHIBIPFBICBIHAAFBI 3JCKTPOH-TIPOTOHHBIH ©3apa KaThIHACHIHIAFHI
OKWFayap aiKpIHTanMansl, ce0ebl okuraimapna OedTapanm OesmiekTepaiH OonMaybl 9icTeMenik cebenrepre
OaiiIaHBICTHI.

Tyiiin ce3nep: Kenrasp-oxuranap, 3apsiiranras Oemmexrep, eceinik, ZEUS, anomanb1i OKuFa, FaphIIl Coyieci.
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K BOITPOCY CYIIECTBOBAHUS KEHTABP —
COBBITUI B KOCMUYECKHUX JIYUAX

An"oranus. OTHUM W3 MEPBBIX YK30THYCCKUX SIBIICHUMA, HaOM0maeMbiM B 80-X TOAAX MPOMUIOrO BeKa, ObLIO
coOBITHE, 3aperMCTPHPOBAHHOE YCTAHOBKOW KAJIOPUMETPHUCCKOTO THIIA. B 3TOM COOBITHH HaOIIONATOCh
aHOMaJIPHOC COOTHOIIICHUEC MEXIy 3apsUKCHHBIMH M HEHTpPAILHBIMH aJpOHAMH, BO3HHUKIIUMH IIPH COYAApPCHUU
YACTHIIBI BHICOKOW JHEPTUU C SAPOM yriiepoja. B COOTBETCTBUM C MPHHIUIIOM H30TOMMYECKOH HHBAPUAHTHOCTU
KOJIMYECTBO HEUTPAIIbHBIX MMHOHOB JIOJDKHO PABHSATHCS KOJIMYECTBY 3apsDKEHHBIX MUOHOB. CoOBITHE, KOTOPOE ObLIO
3apEerHCTPUPOBAHO SIMTOHCKUMH (PH3MKAMH, COJAEPXKAJIO TOJBKO 3apSDKCHHBIC MHOHBI MPH TOJHOM OTCYTCTBHU
HeHUTpanbHBIX [1]. OTO coObITHE OBLTO Ha3BaHO «KeHTaBpoMY.

KomuuectBo KentaBp-coObiTrii HeBenmuko. Takum 00pa3oM, OTKPHITHE AAHHOTO SIBJICHHS OCTaeTCs IIOJ
BOMPOCOM H3-332 IUIOXOM CTAaTHCTHYECKOW oOecreueHHOCTH. JI0 HAcTOsIIero BpPEMEHH Takue COOBITHUS HE
HaOMIOamch B OKCIEPUMEHTAaX Ha YCKOpHTENsiX. TeM He MeHee, IUIAaHUPYETCsl HMOUCK TaKUX COOBITHI B
JKCIepuUMeHTax Ha kosaiinepe LHC.

YToOBl MPOBEPHUTH, HE CBSI3aHO JH MOsiBIeHHEe KeHTaBp-coOBITHI B €'p B3aMMOACHCTBHAX C KaKUMH-THOO
METOJMYECKUMH (PakTOpaMu B ycTaHoBke ZEUS, mis xanmumatoB B KeHTaBp-COOBITHSI M U BCEX OCTAIBHBIX
COOBITHI OBUTH MIOCTPOCHBI PACIIPEACICHUS 110 TUIY (PUTHPYEMOCTH 3apshKeHHBIX TpekoB B CTD. Bcee 3apshxkeHHBIE
TPEKH [ENATCS HAa TPU KaTCTOPUHM: TPEKH, (UTHPyeMble K TIEPBUYHON BEpIIMHE B3aUMOICWCTBUS, TPEKH,
(uTHpyeMblie K BTOPUYHBIM BEpIIMHAM U HepUTHpyeMble Tpeku. V3 aHanmu3a pacnpejeieHuii 0 HOHU3AI[MOHHBIM
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norepsaMm dE/dx nnst HeQUTUPYEMBIX TPEKOB CIIEAYeT, YTO OCHOBHBIM MCTOYHHKOM HX ITIOSIBJIEHHS CIEAYeT CUUTATh
BTOPUYHbIE B3aUMOJEHUCTBUS B MarepHanax KOMIIOHEHT-AETEKTOpa, TaK KaKk B HUX HAOMIOAaeTCsl MOBBILICHHOE
coziepKaHKe IIPOTOHOB U JlayKe 3HAYUTEIbHOE KOJIMYECTBO AECHTOHOB.

[TpuMepHO MOJIOBHHA KaHAMIATOB B KEHTaBP-COOBITHUAX MMEIOT MEPBUUHYIO BEPIIMHY, PACIOJI0KECHHYIO Ha
pacctosiiuu 80 CM OT LIEHTPaJbHOW 00JACTH JIETEKTOpa, YTO 3aTPYJHAET HAJEKHYIO PErHCTPAIMI0 BCEX YaCTHIL,
ocobeHHo HeWTpanbHBIX B CAL. UToOBI HUBENMPOBATH METOAMYECKHE (DAKTOPBI, KOTOPHIE MOTYT IOBIHSATH Ha
nosiBiieHne KeHTaBp-coOBITHIT B €p B3aMMOJICHCTBHISAX HA aHAIU3UPYEMbIEC COOBITHS ObLIM HAIOXKECHBI CIIEIYIONINE
YCIIOBUSL:

- BO BCEX COOBITHAX OBLIH yAaleHBl HEPUTHPYEMBIE TPEKH;

- YYUTHIBAINCH TOJIBKO COOBITHSI, IMEIOIINE MEPBUYHYIO BEPIINHY B 00J1aCTH |Zgepu| < 50 cM.

C yBenmMYeHHEM MHOXKECTBEHHOCTH HaOJIIOIaeTCS €CTECTBEHHBIH SKCIHOHCHIMAIBHBIA CIag YHCiia COOBITHIH U
HHUKaKUX aHOMAJMH He MposBiIAeTcs. TakuMm o0pa3oM, B 3JIEKTPOH-IPOTOHHBIX B3aHMMOAEHCTBHAX Ha YCTaHOBKE
ZEUS «KenrtaBp» coObITHs He OOHapyXeHBI, ITOCKOJIBKY OTCYTCTBHE HEUTPabHBIX YaCTHII B COOBITHAX
OOBACHAETCSI METOANYECKUMH IIPHINHAMH.

KaioueBble ciioBa: KeHTaBPOBBIE COOBITHS, 3apsHKEHHBIE YaCTHUIIBI, MHOXXECTBEHHOCTb, ZEUS, aHOMalilbHOE
cOOBITHE, KOCMUYECKHE JTyUH.
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