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PeHTreHOBCKMe nonapusaunoHHble HabatoaeHus octatka SN 1006 (ob6cepsatopun IXPE).

P. Zhou et al, 2023.
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Puc. 1. Ilons nabmonenust IXPE. 1{BeTrom mpuBeneHbl
HaOmonenuss XMM-Newton B nuanazone 2-8 k3B (Li
et al. 2016) .
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Puc. 2. Wzo6paxenne IXPE B nuanazone 2-4k3B.
Hanpasnenne MTOJIOCOK MTOKa3bIBAET
MPEUMYLIECTBEHHOE HAIIPABIEHUE MArHUTHOTO TTOJIS.



PeHTreHoOBCKMe NoNsipmM3aLMOoHHbIe HabatoaeHna octaTka Tuxo (obcepsaTtopusa IXPE).
R. Ferrazzoli et al, 2023.
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Puc. 3. Kapra nonspuzanuu B auanazoHe sHepruil 3-6 k3B ¢ pasmepom nukceneit 60 (IXPE). [Tokazanbl mUKCUIN CO
3HAYUMOCTHIO BbIlIe 16. ['0yOble MONIOCKY MOKa3bIBAIOT HAPAaBICHUE MOISPU3AUY (HATPaBICHUE SIEKTPUUECKOTO MO ) U
YX JUIMHA TPONOPLMOHANIBHA CTENEHU noysipu3aund. OpHEHTAUs MATHUTHOIO IOJS NEPIECHAUKYISIPHA JJIEKTPUUECKOMY.

3esieHble KOHTYPbI COOTBETCTBYIOT TaHHBIM oOcepBaropuu Chandra B quanaszone 4-6 k3B.



Cxema pacuyeTta Nnpodpuaa 1 nonspusaLmm PpeHTTeHOBCKOro U3y4eHua octaTtka Tuxo
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Puc. 4. CxemarnuHoe u300pakeHHUE TOBEACHHUS KOMITOHEHT
MarHMUTHOTO TIOJI, CKOPOCTH TEYEHHS U U3Iy4arolux
ANIEKTPOHOB ~ BOJM3M  yIapHOW  BOJHBI. — [IUpUHA
pacnpeseneHus 3JeKTPOHOB, A — pacCTOSHHUE MEXIY
MaKCUMyMaMHU KOMITOHEHT MarHUTHOTO TOJISL.

[Ipu  mpoxokaenuu  yepe3  (POHT  yIHapHOW  BOJHBI
TypOyJE€HTHOCTH  COHepKallel  CuiibHble  (QIyKTyaluu
IJIOTHOCTH MIPOUCXOTUT pa3BUTHE HEYCTOMYHUBOCTH
npuBozsieil k pocty maruutHoro mons. (V. N. Zirakashvili
and V. S. Ptuskin, 2008; T. Inoue et al, 2013; Y. Hu et al, 2022)

Puc. 5. CxemarnyHoe n3o0paxeHUE HHTETPUPOBAHMS 110 JTydy
3peHuss B chepuyecku CHMMETPUYHOM  TPHOIMKCHUN
paccMOTpeHHusl OCTaTka CBepXHOBOWM Tuxo. | — HampaBieHue
nyda 3peHus. [lons B Touke P ompenenstorcsi moBOpOTOM
CUCTEMbI KOOPIMHAT, TaK YTO PaguyCc BEKTOp MPOBEICHHBIN U3
IIEHTpa OCTaTKa K TOBEpPXHOCTH cdepbl (yaapHOH BOJHE),
COBIIAJIACT C HaIMpaBlieHHeM X Ha Puc. 4.



Cuctema MMl ypaBHEHUW ANA MOAENNPOBAHNA YCUNEHUA TYPOYNEeHTHOCTU 3a cHeT 6ennoBCKOM
HeycTonumsocTtu (Bell, 2004)
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Ananornyno monaenupoBanuio V. N. Zirakashvili and V. S. Ptuskin, 2008



Pe3ynbtaT mogennposaHua ycunenmsa MIA- TypbyneHTHOCTW.
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Puc. 6. CriekTp 3Heprur MarHUTHOTO TOJIsl, HOPMUPOBAHHBIN HA MAaKCUMyM

KPHUBOM, K KOHITy MojenupoBanus ycuieHuss MIJ[-TypOyneHTHOCTH 3a cueT
OEJIJIOBCKOM HEYCTONYMBOCTH.

OTHolLIEHUE KOJICOaHUN [IJIOTHOCTH K CpG,Z[HGﬁ IJIOTHOCTH K KOHITY pacucTa
5prmx/ p =04

MonenupoBanue BbinonHeHO ¢ nomoibio MIJ] kona PLUTO.
MopnenbHbIi 60KC MMeeT BUA KyOa ¢ pasmepamu -1 10 1 B
eauHUIaXx koma. Ywucmo sueek B pacdyere S12x512x512.
['pannuHbIe YCIOBUS MEPUOIUUECKHUE TIO BCEM OCSIM.

Hopmuposounsie Benmnunnbl koga PLUTO:
p,=1.67°10%* r/em?, u,= 10" cm/c, L,.

N3 Puc. 6 BugHO, HUYTO DSHEProHECymMid  MacmTad
TypOynentHoctu Ly= L /3

HavanbHble yCIIOBUSI MOICITHPOBAHUS:

Konrentparus gactui ny=0.3 cm3,

CKOpOCTB JIBIKEHHS TUTa3MbI paBHA HYITIO,

MarnutHoe Tmoje mocTtossHHOe B u TypOyneHTHoe OB ¢
KOJIMOTOPOBCKHM CIIEKTPOM:

B=3 mxI'c, 6B,,,=0.1B

5B = Zanén cos(l;ni_{, +1//n)



PacyeT Ha ocHoBe Koaa PLUTO npoxoxaeHua ycuieHHon 6ennoBcKkon HeyctonumsocTbio MI/1
TYpOYy/IeHTHOCTU Yepe3 GPOHT YAaPHOM BO/HDI

MopnenupoBanue BoinoiaHeHo ¢ nomousio MIJ[ kona PLUTO. MonenbHblii 60ke umeer sigeek B pacuete 2560x512x512. I'paHndHble yCIOBHS
NEPUOMYECKHUE 110 OCSAM Y U Z (OCH NEepIEeHAUKYISIpHbIE HOPMaIN K (pOHTY yaapHo# BomHbI). Ha mpaBoil rpanuiie mo ocu X CTOUT TPaHUYHOE
yCIIOBHE OTCYTCTBHS NMOTOKOB. Ha NeByl0 IpaHHIly OCH X MOAAIOTCSA pe3ylbTaThl pacueTa Hpeabiayieil craauu (yCWIeHUs TypOYJIeHTHOCTH
0EITOBCKOM HEYCTOWYUBOCTHIO) cO cKopocThio 4000 kM/c (CKOpPOCTh ymapHOW BOJHBI). B HayanbHBIE MOMEHT BPEMEHH B pacueTHOW o0nacTu
YCTaHOBJIEHA MOKOAIIASACS yaapHas BOJIHA B Touke X=2L_ 1 mapameTpsl IIa3Mbl OJHOPOIHBI B NMPeAPPOHTE U 32 ()POHTOM YJapHOH BOJIHBI, HA
yIapHOH BOJIHE MPOUCXOAUT CKAaueK BEIMYUH B COOTBETCTBHHM C YCIOBHAMHU [ TOTOHHMO, CKOPOCTH miia3msbl B npendponte 4000 km/c (BAosIb OCH X),
KOHI[CHTpaIHst TpoToHOB 0.3 ¢M3, MarHWTHOE MOJIe HAPABICHO BIOJIb OCH X B=3 MkI'c.
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Puc. 7. Cpe3s pacuerHoro 6okca mpu z=0 K KOHILy MOACIUPOBaHUsA. BepXHsisa maHenb MIOTHOCTD Iia3Mbl. HUKHSS MaHenb MOIYJIb MarHUTHOTO
MOJIS.



Pe3ynbTaThbl pacyeTa NPOXoXAeHUA yCUAEeHHOW 6enn0BCKOM HeycToM4YnBocTbio MI[,
TYpOYy/IeHTHOCTU Yepe3 GPOHT YAaPHOM BO/HDI
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Puc. 8. 3enenas kpuBas cpenHEKBaJpaTUuyHas IapajlielbHast

HOpPMaJIM K ()pPOHTY KOMIIOHEHTa MarHUTHOTO 1ojisi. KpacHast kpuBas
CpEAHEKBaIpaTHUHAs  NEPHEHAMKYISIpHash HOpMaiu K (POHTY
KOMITIOHEHTa MarHuTHoro nosig. CMHHME KpHBBIE — ANIPOKCUMAIUH
UCIIONB3yEMbIE  JUISl  BBIYUCIIEHHUS  U3JIydeHUs.  YCpEeIHEHHE
IIPOU3BEIEHO 110 NTONEPEYHBIM KoopAuHaraM (Y, Z).

Energy density (normalized to upstream Kinetic energy density)
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Puc. 9. Toueunble KpuBbIE KOMIIOHEHTHI IUIOTHOCTH TYpOYIEHTHOM
KMHETUYECKOW 3HepruM IuiazMbl. CIIOMIHBIE KPHUBBIE KOMIIOHEHTHI
IUIOTHOCTH TYpOYJIEHTHONH MarHUTHOM sHepruu 1uasmbl. KpacHbie
KpUBBIE TPOAOJIbHbIE KOMIOHEHTBHl. CHHUE KpHBBIE IONEPEYHBIE
KOMIIOHEHTBl. ~ YCPEHEHHE  NPOU3BEACHO IO  MONEPEYHBIM
KoopauHatam (Y, z).



PacueTbl nonapusaumm n npopumna peHTreHOBCKOro U3y4eHUs ocTaTKa TUXo
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Puc. 10. IIpoueHT mnonsipu3anuMyd PEHTTEHOBCKOTO W3JIyYEHHS B
3aBUCUMOCTH OT TIOJIO)KEHHS BOJM3M (PPOHTA YHapHOH BOJHBI.
[Monspuzanus nonyuena nmyrem cBeptku PSF IXPE g doronoB c
sHepruern 3 x3B. Ilpeanonaranoch, 4TO AOJS MOJSPU30BAHHBIX
CUHXPOTPOHHBIX (oTOHOB cocrtaBiusger 0,6. IlomoxutenbHble U
OTpHIIATENIbHBIE 3HAUCHUS YKa3bIBAIOT HAa PAJUaIbHOE U MOMEPEYHOE
HaIpaBJICHUS TOJSPU3AIMH COOTBETCTBEHHO.
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Puc. 11. CmonenupoBanubie npoduau uHTeHcuBHOCTH Chandra
nocne cBeptku ¢ mnomompbio PSF Chandra mms ¢otoHOB C
sHeprueil 4 k3B.
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CITACHUDLO 3A BHUMAHMUE!!!

(noknap nogaepaH rpaHtom PH® Ne 25-72-20007)



PeHTreHOBCKMe Nonapu3aLumoHHble HabaoaeHna octatka RX1713 (ob6cepsatopums IXPE).
R. Ferrazzoli et al, 2024.
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Figure 1. Left: T

mos:

color image of RX J1713: in red the ATCA 20cm image, in green 0.5—7 keV Chandra exposure« e
= 2 TeV excess count map. The magenta contour is the 2-5 keV IXPE er ion and the white circle
is the IXPE field of view. Right: IXPE count map in the 2-5 keV band smoothed with a 30 arcseconds Caussian kernel. In
purple are marked the large-scale sub-regions of the shell selected for analysis: North (N}, South (5), and West (W). The white
ellipses are small-scale sub-regions also se P1, P2, and P3. The colorbar represents the intensity per pixel.
The background extract hed green lines.
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Figure 2. Left: polarization map binned with 2 arcin-wide pixels. The cyan and green vectors represent the direction of
the magnetic field revealed st 2 and 3 o significance levels, respectively. The length of the vectors is proportional to the PD.
The dashed vectors show the 2 ¢ uncertaint tion in each pixel to improve the visibility. Right:
smoothed polarization map with & 1 arc Gaussian kernel. As in the previous panel, the cyan and green vectors represent
the direction of the magnetic field revealed at 2 and 3 # significance levels, respectively. In both panels, we show the IXPE field
of view as a white drcle, the P1, P2, and P3 regions as white ellipses, while the 2—5 keV IXPE contours are in magenta and
the colorbar is the PD in percent.

y on the magnetic field
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Figure 2: (a): Polarization map in the 3 - 6 keV energy band binned on a 42" pixel size of the SNR Cas A.
Only pixels with confidence levels above 2o are shown. For pixels with 3o confidence level) the polarization

angles are indicated with green arrows. (b): IXPE three color Stokes I image with superimposed the regions

of interest used to test for an overall radial or tangential magnetic field orientation. The colder colors indicates

a stronger non-thermal emission with respect to the warmer ones. (¢): Polar diagrams of the measured PD

and PA with respect to circular symmetry as confidence contours for the regions of panel b. The shaded pink
region corresponds to the MDP99 level. Values around 9 degrees correspond to a tangentially oriented PA

averaged over the region, while around 0o indicates on average a radially oriented PA. Images adapted from

[12].



