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THE MAIN FORMATION MECHANISMS
OF X-Ray EMISSION OF THE YOUNG STARS

Abstract. X-ray emission from stars much more massive than the Sun was discovered only 35 years ago. Such
stars drive fast stellar winds where shocks can develop, and it is commonly assumed that the X-rays emerge from the
shock-heated plasma. Many massive stars additionally pulsate. However, hitherto it was neither theoretically
predicted nor observed that these pulsations would affect their X-ray emission. Observations with the XAMM-Newton
telescope reveal X-ray pulsations with the same period as the fundamental stellar pulsation. This discovery
challenges our understanding of stellar winds from massive stars, their X-ray emission, and their magnetism. New
features have been identified in pre-main sequence stars; some of these may be related to accretion shocks on the
stellar surface, fluorescence on circumstellar disks due to X-ray irradiation, or shock heating in stellar outflows. The
XMM-Newton observations were obtained for three stars xil CMa V2052 Oph, and zeta Cas. We report the first
detection of X-ray emission from V2052 Oph and zeta Cas. The observations show that the X-ray spectra of our
program stars are quite soft. We compile the complete sample of early B-type stars with detected magnetic fields to
date and existing X-ray measurements, in order to study whether the X-ray emission can be used as a general proxy
for stellar magnetism. We find that hard and strong X-ray emission does not necessarily correlate with the presence
of a magnetic field. We analyze the UV spectra of five non-supergiant B stars with magnetic fields by means of non-
LTE iron-blanketed model atmospheres. The latter are calculated with the PoOWR code, which treats the photosphere
as well as the wind, and also accounts for X-rays. Our models accurately fit the stellar photospheric spectra in the
optical and the UV. The parameters of X-ray emission, temperature and flux are included in the model in accordance
with observations.
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OCHOBHBIE MEXAHU3MbI ®OPMUPOBAHUSA
X-ray IMUCCHUH B MOJIOABIX 3BE3/IAX

AnHoTanus. 3a nmociaeaaue 35 JeT peHTTeHOBCKAs (X-ray) sMuCCHA OblJIa OOHAPYIKEHA MPAKTHYSCKH BO BCEX
THIAX 3Be37, nepecekarommx [ maayro [TocmenoBatempHOCTE. B 3Be3max 6onee MaccuBHBIX, yeM CoOJHIE, HAOTO0-
JIAeTCsl 3HAYMTEIBHBIA 3BE3IHBIN BETEP, B TCUCHHH KOTOPOTO NPH CTOJKHOBCHHAX PA3HBIX IMOTOKOB 0Opa3yOTCS
YIApHBIC BOJHBI, 00pa3ys 0ONACTH MIa3MbI ¢ 00J1ee BBICOKOH TeMmepaTypor. 110 HAOMFOACHUSIM C KOCMHYCCKHX
TCICCKOIIOB Y MHOTIHX MACCHBHBIX 3BC31 06Hapy>1<em>1 My JbCAlHH H3IYYCHHA, KOTOPBIC YACTO COBIAOAKOT C
nepuogaMu  ()YHIAMEHTAIBHBIX 3BE3AHBIX ITyJbcanuii. B Hacrosimee Bpems A1 OOBACHCHHSA NPHPOABI X-ray
SMHCCHH B 3BE3JaX PA3HBIX MACC PACCMATPHBAKOTCS HEKOTOPHIC MPOIECCH, MPHCYIIHE BCEM 3BE3daM 10 [ maBHOU
TTocnenoBaTEIPHOCTH: AKKPEHOHHBIC VAAPHL O 3BE3OHYI0 IMOBEPXHOCTD, (DIFOOPECHCHIMSA HA OKOJO3BE3THBIX
JUCKaxX Ojarozaps MEpeH3IyuCHHIO X-1ay MHCCHH H/WIHM YAAPHBIA HATPEB B 3BE3IHBIX HCTCUCHHSX, H JPYTHE
KOPOHAJbHBIC U MArHUTOC()EPHBIC SABJICHU. B 1enoM 3TH mpouecchl CBsI3aHbI C MATHUTHOW aKTHBHOCTBIO 3BE3 H
PpaboTaroT B PA3HBIX CPEAAX W HA PA3NMHIHBIX IMKAJIAX SHCPTHU H TeMuepaTyp. I pa3HbIX MOJIOIBIX 0OBEKTOB, X-
ray TIyJabCAOUH COBMAAIOT C (Da30M ONTHUCCKHMX MyJIbCANHMH, HO C OOIBIICH aMIUTHTYAOH. AHANMW3 SIPKOCTH B
obmact X-ray TMOKA3BIBACT, YTO HAMOOJBINAS SPKOCTh HAOMIOZACTCA B TOT MOMCHT, KOTJA 3BE3THBIA PAIHYC
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MuHUManeH. HoBble HAOOICHNS NMO3BOMIN ONPEACIUTD MPOTHKCHHOCTh KOPOHAIBHBIX X-1ay NETEIb B JKECTKO
BPAIIAIOLIMXCS TUCKAX, KOTOPBIC COTJNACYETCA C MOJCIBI0O MATHUTHOTO B3aUMOJCHCTBUS 3BE3da — IUCK, I
BHYTPESHHHH JUCK OTPAHUYCH MarHUTOC(ePOH MOIOABIX 3BE3 .

KJnoueBrple ¢J10Ba: MOJIOABIC 3BE3/b, X-1ay IMUCCHA, IOTEPS MACChI, AKKPELHS, ITy TbCALMH.

Bregenne

IMocnenunee necATUICTHE JaHHBIC HAOMFOACHUHN 3BE37 B PCHTICHOBCKOM Amara3oHe co cnyTHukoB CHANDRA
1 XMM-NEWTON mnpuBed K 3HAYHUTEIHHOMY MOHHMAHHUEO (PH3HUYECKHX MPOLECCOB B FOPSYCH IIA3ME B MOJIOABIX
3Be30aX U OJH3KOM K HEM OKOJIO3BE3IHOI cpeae. MccnenoBanue mpupoasl X-ray IMHCCHH B 3BE34aX C 000I04KAMH
YpPE3BBMAWHO BAKHO I M3YUYCHHS (PU3HUCCKHUX MPOLECCOB B TOPsHCH IMIa3Me, MOCTHTAOIICH TEMIEpaTyphl B
HECKOJBKO MHIJUIMOHOB IpaaycoB. Ha OCHOBE M3yucHHA BHEATMOC(EPHBIX JAHHBIX OBLIH IPEII0KCHBI HEKOTOPbIC
acTpo(U3MUECKUE MEXaHU3MbI TCHEPALMH H3ITy YUCHUS.

B nacrosmee BpeMs A1 OOBSICHEHHSA NMPUPOABI X-ray SMHUCCHH B 3BE3JaX PA3HBIX MACC PAaCCMATPHBAOTCS
HEKOTOpBIC IPOLECCH, NMpHCyIMe BceM 3Be3aaM 10 [naHo# IlocnenoBaTeNbHOCTH: aKKPCIMOHHBIC YJAaphl Ha
3BE3IHYI0 MOBEPXHOCTDH, (DIFOOPECUECHIMA HA OKOJIO3BE3AHBIX AUCKAX Oaronaps NMEPEeHs3IyuCHHI0 X-ray SMUCCHU
W/WIM yTAPHBIH HATPEB B 3BE3AHBIX MCTCUCHUSX, KOPOHAIBHBIC M MATHUTOC(EPHBIC ABICHUS. ECIH 1T XOJIOXHBIX
3BE3J MalbIXx Macc HaOmomaemas X-ray 3MHCCHSA MOXKET OBITh CBA3aHA C MATHUTHBIMH JIOBYIIKAMH TOPSYETO
KOPOHAJIBHOTO Ta3a (I0J00HO SBJICHUAM B COTHEUHOW KOPOHAIBHOM IUIa3Me) MM MAarHUTOC()EPHBIMH ITPOLIECCAMHU.
Jni ropsuux 3Be37 MCHOJB3YIOT APYTHE MPOLECCHI: MPUCYTCTBHE HEPA3PEIUCHHBIX KOMIIAHBOHOB, AKKPEILMOHHBIC
YAapbl HAa 3BE3JHYIO IOBEPXHOCTb, YAAPHBIM HArPEB B 3BE3AHBIX HCTEUYCHHAX. BCe 3TH NMpOLECCHl CBA3AHBI C
MArHUTHOH aKTHBHOCTBIO, M PA0OTAIOT B PA3HBIX CPENAX M HA PA3IMUHBIX IIKAJIAX YHEPTUI U TEMIIEPATYP.

Meroabl HcCJIeI0BAHUS

PesyapTarsl CHEKTPANTbHBIX M (POTOMETPHUCCKHX HAOMIONEHWH IS TOPAYHMX 3BE3d OBLIH IOJNYUCHHI B
peHTTeHOBCKOM auama3oHe co cmyTHukoB CHANDRA u XMM- NEWTON. Hcrounmku X-ray SMHCCHH
OOHapy’>KCHHbIC B MacCHBHBIX 3Be3max TumoB O u Bome( — Paife cBs3aHbl, ckopee Bcero, ¢ (hopMupoBaHHEM
YAAPHBIX BOJH B HECTAOMIBHOM BETPE, UTO MO3BOJIIET MPOU3BOIUTH OOACTH OUCHb TOPYCH IUIa3MBbL, M3y YaroNIeH
B PCHITCHOBCKOM JHama30He. PEHTTCHOBCKHE CIICKTPHI C BBICOKHM PA3PEUICHHEM PA3IMYHBIX OOBEKTOB B 00JIACTH
Y@ or 0,1 g0 100 A pacmupuiId TEMAaTHKY HCCICIOBAHHHA OT MPOLECCOB KJIACCHYCCKOH 3BE3IHON AKTHBHOCTH,
KOTOPAst BKIFOYACT COJIHIC- MOAOOHBIC SIBACHUS -- BCIBIIIKY, IIUKJIBI AKTHBHOCTH, IPOCTPAHCTBEHHBIC W TCILIOBBIC
CTPYKTYPBI IUIA3MBIL, H3JIy4aromerd X-ray, JO IPOLECCOB, TCHEPUPYIOMHUX X-ray, TaKHE KAK AKKPEHHUs, HKETBL
3aMarHMYCHHBIN BeTep [1].

PesyabTarsl nccie1oBanmns

MarautHas aKTHBHOCTb MOJIOABIX 3BE3I HIPACT 3HAUUTCIBHYIO POJb B (DH3HHUECKHUX MPOLECCAX, KOTOPHIC
OPUBOIAT K IOABJICHUIO X-ray OMHUCCHH HA OMPCACTICHHBIX CTAAUAX 3BOJIFOIIHA 3BC3O. HepBBIC MOABJICHUA SBC3Z[HOI\;1
X-ray SMHCCHH HAYHHAIOTCA HAa CTAJUM IPOTO3BE3[, KOTAA 3BE3AbI CKPBITHI IUIOTHOM CPENOM MOJEKYJIAPHBIX
obOmakoB. Ha 370l cTamuu 3Be3asl BHAYANEC OOJMAJAFOT MATHHTHBIMH IOJSMH OO0JIAKA, M MATHHUTHAS AKTHBHOCTH
CHJIBHO YBCIIMUYMBACTCS MPH OOPA30BAHUH OKOJIO3BE3IHBIX TMCKOB, MOKA3BIBAS PEAKUE BCIBINIKA X-1ay. B arTmX
CTAAUAX YaCTh NaAArOUICTO ra3a MOKCT MOKHHYTh CHCTEMY C 60J'I]>H.[I/IM KOJIHICCTBOM YITIOBOI'O MOMCHTA, KOTOpLIﬁ
BIIOCJICACTBHH BHIACH KAaK MOJICKyJI}lprIfI HJTH ONITHYCCKUH JUKCT. IMotoxu MagaroIICro BEmMCCTBA BAOJIb MATHUTHBIX
CHJIOBBIX JIMHHH HA TOBCPXHOCTH 3BE3IbI MOTYT HATPETH Ta3 A0 TEMICPATyp, HCOOXOAUMBIX Ans X-ray 3MHCCHH.
CB13b MEHKTY 3BE310H H THCKOM C TAKOH AKTHBHOCTBIO MOKET ATHThCA A0 10° meT. Mano-MaCCHBHBIC 3BE3IBI MOTYT
COXPaHATH B6J'II/[31/I MOBCPXHOCTH 3BC3AbI MATHUTHYIO AKTHBHOCTH HaA 60.]'[66 ATATCIIPHBIX BPCMCHHBIX HHTCPBATIAX
[1].

O0nacTh HU3TyUCHUsT X-ray TOPSYUX 3BE3I, CKOPEE BCETO, PACIIONIONKCHA OYCHB OIM3KO K ¢ MOBCPXHOCTH H
CBSI3aHA C PA3HBIMH MOTOKAMY 3BE3IHBIX BETPOB, KOTOPHIC (DOPMHUPYIOTCA B IKBATOPHATBHOM 00NACTH, TAC TCUCHHE
BCTPA WACT BAONh ONMM3KUX JIMHHM MATHHTHOTO IOJII OT PA3HBIX YacTel 3BE3JHONW MOBEPXHOCTH. Ecim ymapsr
JIOKATTM3YIOTCS HA YPOBHE HECKOJBKHX PATHYCOB 3BE3IbI OT (POTOCHEPHL, TO BBICOKHE OTHOIICHHSI MOTOKOB JICTKO
MoryT oObsacHeHbl. Ha oOcepBatopum XMM-Newton ObUTH TPOBEACHBI BCECTOPOHHEE HCCIEAOBAHHME X-ray
SMHCCHHM M CBOMCTB BETpa B MACCHBHBIX MATHUTHHIX paHHHX B-3Be3max: xil CMa, V2052 Oph u Z Cas. [Ipu
CPaBHCHHHU C JAHHBIMH PAHHHX MAarHUTHBIX B — 3Be3n ¢ X-ray 3MHCCHEH paccMaTpHBaiach BO3MOKHOCTB
HCTIONB30BAHMS X-1ay SMHCCHH B KAUeCTBE OCHOBHOTO NMPU3HAKA 3BE3JHOTO MATHETU3MA, IO AHAJIOTHH CO 3BE3IAMH
tuna Comama. Oxa3zanock, uto HaOmomaeMas X-ray SMHCCHS HE O0S3aTETbHO KOPPETHPYET C NMPUCYTCTBHEM
MATHUTHBIX MONCH. Beim mpoaHamm3upoBanbl Y@ - cekTpsl 5 B 3Be3d ¢ HCPAaBHOBECHOH MOJACTBIO aTMOC(HEpHL.
Mogenu XopoIo anmpoKCHMHUPYFOT 3BE3AHbIN (hoTochepHblit criekTp B YO u ontuke. [Tapamerpsr X-ray — 3MHCCHH






