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Located in the Orion Trapezium Cluster, 

θ1}2UL}&�LV�RQH�RI�WKH�\RXQJHVW�DQG�

nearest high-mass stars known. Besides 

its unique properties as an oblique  

magnetic rotator, the star happens to be 

D�FORVH��a��}PLOOLDUFVHFRQGV��ELQDU\� 

system, which makes it an ideal labora-

tory to determine the fundamental 

parameters of young hot stars. In this 

article, we report on our 11-year interfer-

ometric monitoring campaign, which 

covers nearly the full dynamic orbit of 

WKH�V\VWHP�DQG�UHVXOWHG�LQ�WKH�:UVW�LQWHU -

ferometric images obtained with the  

VLT interferometer (VLTI) in the infrared 

�a��}�P��DQG�GLIIUDFWLRQ�OLPLWHG�ELVSHF-

trum speckle interferometry at the ESO 

����PHWUH�WHOHVFRSH�DW�YLVXDO�����}QP��

wavelengths.

3GD�ENQL@SHNM�@MC�D@QKX�DUNKTSHNM�NE�GHFG�
mass stars is still a matter of ongoing 
CDA@SD�(M�O@QSHBTK@Q��ENQ�XNTMF�.�SXOD�
RS@QR��RSDKK@Q�DUNKTSHNM@QX�LNCDKR�@QD�RSHKK�
highly uncertain and require further 
DLOHQHB@K�UDQHjB@SHNM�(M�NQCDQ�SN�SDRS�@MC�
QDjMD�SGDRD�LNCDKR��ODQG@OR�SGD�LNRS�

HLONQS@MS�O@Q@LDSDQ�HR�SGD�RSDKK@Q�L@RR��
VGHBG��SNFDSGDQ�VHSG�SGD�BGDLHB@K�
�BNLONRHSHNM�@MC�SGD�@MFTK@Q�LNLDMSTL��
CDSDQLHMDR�SGD�DMSHQD�RSDKK@Q�DUNKTSHNM�
3GTR��CHQDBS�@MC�TMAH@RDC�L@RR�DRSHL@SDR��
such as those provided by the dynamical 
L@RRDR�@BBDRRHAKD�HM�AHM@QX�RXRSDLR�� 
@QD�UDQX�HLONQS@MS�SN�@CU@MBD�NTQ�JMNVK�
edge about the earliest phases of stellar 
DUNKTSHNM

Due to its relative proximity at just 
~���pOB��SGD�.QHNM�-DATK@�"KTRSDQ��.-"��
HR�SGD�ADRS�RSTCHDC�RS@Q�ENQLHMF�QDFHNM�
VGDQD�GHFG�L@RR�RS@QR�@QD�ENQLHMF�
θ1}.QHp"�HM�SGD�.QHNM�3Q@ODYHTL�HR�SGD�
brightest and most massive (~40 M�) of 
the ONC members and has been the 
�S@QFDS�NE�MTLDQNTR�RSTCHDR�6HSG�@M�@FD�
NE�KDRR�SG@M�NMD�LHKKHNM�XD@QR��SGHR�
�.�5�SXOD�RS@Q�HR�@KRN�NMD�NE�SGD�XNTMFDRS�
.�SXOD�RS@QR�JMNVM�HM�SGD�RJX��@MC� 
HSR�RSQNMF�+XL@M�Q@CH@SHNM�CNLHM@SDR�SGD�
VGNKD�.QHNM�-DATK@�θ1}.QHp"�@KRN�HKKT�
minates the proplyds and shapes its envi�
QNMLDMS�AX�RSQNMF�RSDKK@Q�VHMCR�%TQSGDQ�
LNQD��θ1}.QHp"�HR�NMD�NE�NMKX�SVN�.�RS@QR�
VHSG�@�CDSDBSDC�L@FMDSHB�jDKC��SGD� 
other one being the much more evolved 
NAIDBS�'#��������3GD�RSQNMF�L@FMDSHB�
jDKC���������pJ&��#NM@SH�DS�@K��������
LHFGS�@KRN�BG@MMDK�SGD�Q@CH@SHNM�CQHUDM�
winds from both hemispheres along the 
L@FMDSHB�jDKC�KHMDR�SN�SGD�DPT@SNQH@K�
OK@MD��VGDQD�SGD�VHMCR�BNKKHCD�@S�GHFG�
UDKNBHSX��ENQLHMF�@�SGHM��MD@QKX�RS@SHNM@QX�
RGNBJ�QDFHNM�HM�SGD�DPT@SNQH@K�OK@MD� 
3GHR�fL@FMDSHB@KKX�BNMjMDC�VHMC�RGNBJt�
�,"62��LNCDK��!@ADK���,NMSLDQKD��
������B@M�DWOK@HM�MNS�NMKX�SGD�G@QC�7�Q@X�
emission from θ1}.QHp"��ATS�@KRN�SGD�
ODQHNCHB��U@QH@AHKHSX�NE�SGD�'α�KHMD��RDUDQ@K�
45�RODBSQ@K�KHMDR��SGD�7�Q@X�kTW��@R� 
VDKK�@R�SGD��L@FMDSHB�jDKC��RDD�2S@GK�DS�@K��
������ENQ�@�AQHDE�QDUHDV�

(M�������MD@Q�HMEQ@QDC�AHRODBSQTL�RODBJKD�
observations obtained with the Russian 
!3 ���LDSQD�SDKDRBNOD�QDUD@KDC�@�UHRT@K�
companion around θ1}.QHp"��6DHFDKS�DS�
@K���������BNMSQHATSHMF�@ANTS�����NE�SGD�
SNS@K�kTW�@S�UHRT@K�SN�MD@Q�HMEQ@QDC�V@UD�
KDMFSGR�3GD�CHRBNUDQX�NE�SGHR�UDQX�BKNRD�
BNLO@MHNM�RS@Q�RHST@SDC�@S���pLHKKH@QB�
RDBNMC��L@R��NEERDS�HR�HLONQS@MS��RHMBD�
the observation of orbital motion allows 

one to derive direct constraints on the 
stellar masses as well as the dynamical 
CHRS@MBD�SN�SGD�.QHNM�3Q@ODYHTL�"KTRSDQ�
While stellar mass measurements are 
urgently required for the calibration of 
RSDKK@Q�DUNKTSHNM@QX�LNCDKR�NE�.�SXOD�
RS@QR��CHRS@MBD�DRSHL@SDR�@QD�NE�FDMDQ@K�
importance for all studies on the ONC 
RS@Q�ENQLHMF�QDFHNM� M�HMSDQDRSHMF�@RODBS�
of the dynamical history of the ONC was 
OQDRDMSDC�AX�3@M���������VGN�OQNONRDC�
SG@S�SGD�!DBJKHMl-DTFDA@TDQ��!-��NAIDBS��
which is located 45� northwest of the 
3�Q@ODYHTL�RS@QR��LHFGS�AD�@�QTM@V@X�
!pRS@Q�DIDBSDC�EQNL�SGD�θ1}.QHp"�LTKSHOKD�
RXRSDL�@ANTS�����pXD@QR�@FN� KSGNTFG�
RSHKK�@�L@SSDQ�NE�NMFNHMF�CDA@SD��SGHR� 
scenario is based on proper motion 
LD@RTQDLDMSR��VGHBG�RGNV�SG@S�SGD�!-�
object and θ1}.QHp"�QDBNHK�QNTFGKX�HM�
NOONRHSD�CHQDBSHNMR�3GDQDENQD��@�GHFG�
precision orbit measurement of θ1}.QHp"�
might offer the fascinating possibility  
of recovering the dynamical details of this 
QDBDMS�RSDKK@Q�DIDBSHNM

#HEEQ@BSHNM�KHLHSDC�HL@FHMF�@S����pML

!HRODBSQTL�RODBJKD�HMSDQEDQNLDSQX�HR� 
a powerful technique to overcome atmos�
pheric perturbations and to reach the 
�CHEEQ@BSHNM�KHLHSDC�QDRNKTSHNM�NE�FQNTMC�
A@RDC�SDKDRBNODR�(M�BNMSQ@RS�SN�@C@OSHUD�
NOSHBR��VGHBG�BTQQDMSKX�NMKX�OQNUHCDR� 
@�FNNC�2SQDGK�Q@SHN�@S�MD@Q�HMEQ@QDC�V@UD�
KDMFSGR��AHRODBSQTL�RODBJKD�HMSDQEDQNL�
DSQX�B@M�OQNUHCD�CHEEQ@BSHNM�KHLHSDC�HL@FDR�
DUDM�@S�UHRT@K�V@UDKDMFSGR�2HMBD�SGD� 
discovery of the θ1}.QHp"�BNLO@MHNM�HM�
������VD�G@UD�DLOKNXDC�SGD�!3 p� �LDSQD�
telescope to trace the orbital motion of the 
RXRSDL�@S�MD@Q�HMEQ@QDC��J-��H- and 
K�A@MCR��@MC�UHRT@K�V@UDKDMFSGR��V�A@MC��
(M�)@MT@QX�������VD�@KRN�TRDC�NTQ�UHRHSNQ�
RODBJKD�B@LDQ@�@S�SGD�$2.����LDSQD�SDK�
DRBNOD�NM�+@p2HKK@�@MC�NAS@HMDC�CHEEQ@B �
SHNM�KHLHSDC�HL@FDR�NE�θ1}.QHp"�DUDM�@S�@�
V@UDKDMFSG�NE����pML�� B�A@MC��RDD�%HF�
TQDp���(M�ROHSD�NE�SGD�RL@KK�AHM@QX�RDO@Q@�
SHNM�NE���pL@R��SGD�@RSQNLDSQX�BNTKC�AD�
measured with an ac  curacy of better than 
�pL@R��VGHBG�HR�@OOQNWHL@SDKX�@�E@BSNQ� 
NE�SDM�RL@KKDQ�SG@M�SGD�CHEEQ@BSHNM��KHLHSDC�
QDRNKTSHNM�NE�SGD����LDSQD�OQHL@QX�LHQQNQ�
@S�SGHR�V@UDKDMFSG�6HSG����LDSQD�BK@RR�
SDKDRBNODR�RTBG�@R�SGD�$2.p�� �LDSQD�NQ�
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SGD�-33��SGHR�SDBGMHPTD�@KKNVR�NMD�SN�
NAS@HM�CHEEQ@BSHNM�KHLHSDC�HL@FDR�NE�S@QFDSR�
AQHFGSDQ�SG@M�*p]p���L@F�NQ�5p]p���L@F��
with a typical observing time of 1 hour  
per target/calibrator pair (including over�
GD@CR��&HUDM�SGDRD�E@UNTQ@AKD�BG@Q@BSDQ�
HRSHBR��AHRODBSQTL�RODBJKD�HMSDQEDQNLDSQX�
is also a very promising technique for 
��LDSQD�BK@RR�SDKDRBNODR�RTBG�@R�SGD�5+3��
KHJDKX�DM@AKHMF�CHEEQ@BSHNM�KHLHSDC�HL@FHMF�
with an angular resolution down to 
]��pL@R�� B�A@MC�

5+3(� ,!$1�GHFG�@BBTQ@BX�@RSQNLDSQX

.E�BNTQRD��DUDM�GHFGDQ�@MFTK@Q�QDRNKTSHNM�
B@M�AD�@BGHDUDC�VHSG�KNMF�A@RDKHMD�HMSDQ�
EDQNLDSQX�"NLAHMHMF�SGD�KHFGS�NE�RDO@�
Q@SD�@ODQSTQDR��HMEQ@QDC�HMSDQEDQNLDSDQR��
RTBG�@R�SGD�5+3(��B@M�MNV�OQNUHCD�@�QDR�
olution corresponding to the separation 
of the individual apertures in an array of 
SDKDRBNODR�3GD�5+3(�MD@Q�HMEQ@QDC�AD@L�
combination instrument AMBER (Petrov 
DS�@K��������BNLAHMDR�SGHR�QDUNKTSHNM@QX�
SDBGMHPTD�VHSG�RODBSQ@K�B@O@AHKHSHDR��
allowing the measurement of the interfer�
ometric observables (visibility and closure 
OG@RD��@R�@�ETMBSHNM�NE�V@UDKDMFSG

Adding the spectral information can open 
up unique new science applications (for 
HMRS@MBD��AX�ODQENQLHMF�KNMF�A@RDKHMD�

interferometry in spectral lines) and can 
@KRN�HMBQD@RD�SGD�NARDQUHMF�DEjBHDMBX�AX�
R@LOKHMF�Q@CH@K�SQ@BJR�NE�SGD�%NTQHDQ�OK@MD�
�TU�OK@MD��VHSG�D@BG�NARDQU@SHNM�3GHR�
DEEDBS�HR�HKKTRSQ@SDC�HM�%HFTQD����VGDQD�VD�
RGNV�SGD�TU�BNUDQ@FD�NE�@�RHMFKD� ,!$1�
NARDQU@SHNM�S@JDM�HM�KNV�RODBSQ@K�QDRNKT�
SHNM�LNCD��+1�LNCD��λ�·λ�������SNFDSGDQ�
VHSG�SGD�DWODBSDC�V@UDKDMFSG�CHEEDQDMSH@K�
visibility and closure phase signatures  
NE�@�AHM@QX�RS@Q�(M�%HFTQD���VD�RGNV�@BST@K�
5+3(�LD@RTQDLDMSR�NAS@HMDC�NM�θ1}.QHp"��
QDUD@KHMF�SGD�DWODBSDC�V@UDKDMFSG� 
CHEEDQDMSH@K�RHFM@STQDR�3GDRD�V@UDKDMFSG�
CHEEDQDMSH@K�RHFM@STQDR�B@M�SGDM�AD�jSSDC� 
SN�FDNLDSQHB�LNCDKR��VGHBG�@KKNVDC�TR�SN�
derive the binary astrometry with a very 
GHFG�OQDBHRHNM�NE�]��pL@R� R�@�L@SSDQ�NE�
E@BS��SGD�@RSQNLDSQHB�OQDBHRHNM�@BGHDU@AKD�
VHSG� ,!$1�R�+1�LNCD�HR�BTQQDMSKX�MNS�
KHLHSDC�AX�SGD�HMSDQEDQNLDSQHB�BNMRSQ@HMSR��
ATS�AX�SGD�OQDBHRHNM�VHSG�VGHBG�SGD�HM��
strument wavelength calibration can be 
ODQENQLDC

,NCDK�HMCDODMCDMS�5+3(�@ODQSTQD��
synthesis imaging

3N�C@SD��LNCDK�jSSHMF��@R�CDRBQHADC�
@ANUD��QDOQDRDMSR�SGD�LNRS�BNLLNMKX�
@OOKHDC�@OOQN@BG�SN�DWSQ@BS�RBHDMSHjB�
information from infrared interferometric 
C@S@�.E�BNTQRD��SGHR�@OOQN@BG�QDPTHQDR�

some a priori�JMNVKDCFD�@ANTS�SGD�RNTQBD�
RSQTBSTQD��VGHBG�@KKNVR�SGD�@RSQNMNLDQ�SN�
choose an appropriate geometric or phys�
HB@K�LNCDK�(M�L@MX�B@RDR��SGHR�HMENQL@SHNM�
might not be available (or could potentially 
AD�AH@RDC���VGHBG�L@JDR�HS�GHFGKX�CDRHQ@�
AKD�SN�DM@AKD�NOSHB@K�HMSDQEDQNLDSDQR��RTBG�
@R�5+3(� ,!$1��SN�CHQDBSKX�QDBNUDQ�SGD�
source brightness distribution without any 
LNCDK�@RRTLOSHNMR� KSGNTFG�SGD�OQHMBH�
ples of interferometric imaging through 
closure phases are practically identical to 
the ones routinely applied in radio interfer�
NLDSQX��NOSHB@K�HMSDQEDQNLDSQX�E@BDR�@CCH�
SHNM@K�BG@KKDMFDR��VGHBG�@QD�L@HMKX�QDK@SDC�
to the very small number of telescopes 
BNLAHMDC�HM�BTQQDMS�FDMDQ@SHNM�NOSHB@K�
interferometers and in the resulting poor 
TU�OK@MD�BNUDQ@FD

&HUDM�SG@S�NTQ�5+3(� ,!$1�NARDQU@SHNMR�
on θ1}.QHp"��HMBKTCHMF����LD@RTQDLDMSR�
on one Unit Telescope triplet and three 
 TWHKH@QX�3DKDRBNOD�� 3��SQHOKDS�BNMjFTQ@�
tions) provide a relatively good coverage 
NE�SGD�TU�OK@MD��VD�@OOKHDC�NTQ�HL@FD�
QDBNMRSQTBSHNM�@KFNQHSGL��!THKCHMF�!KNBJ�
,@OOHMF��'NEL@MM���6DHFDKS��������SN�
QDBNMRSQTBS�@�LNCDK�HMCDODMCDMS�@ODQ�
STQD�RXMSGDRHR�HL@FD�3GD�QDBNMRSQTBSDC�
HL@FD��%HFTQD����RGNVR�SGD�θ1}.QHp"�
system with a resolution of ~2 mas and 
HMCDODMCDMSKX�BNMjQLR�SGD�AHM@QX�
@RSQNLDSQX�CDSDQLHMDC�AX�LNCDK�jSSHMF

Figure 1.�5+3(� ,!$1�
SGQDD�SDKDRBNOD�RODBSQN��
interferometry allows one to 
cover simultaneously the  
H��@MC�K�A@MC�RODBSQ@K�
VHMCNV��QDRTKSHMF�HM�Q@CH@K�
SQ@BJR�HM�SGD�TU�OK@MD��KDES��
3GDRD�Q@CH@K�SQ@BJR�@KKNV�
one to sample the sinusoi�
dal visibility and closure 
phase modulation expected 
ENQ�@�AHM@QX�RS@Q��RTBG�@R�
θ1p.QHp"�VHSG�@�RHMFKD�
AMBER observation (middle 
@MC�QHFGS�BNKTLMR�
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The dynamic orbit of the θ1}.QHp"�RXRSDL

Including earlier astrometric measure�
LDMSR�NAS@HMDC�VHSG�AHRODBSQTL�RODBJKD�
HMSDQEDQNLDSQX��6DHFDKSpDSp@K��������2BGDQSK�
DSp@K��������*Q@TRpDSp@K��������@R�VDKK� 
@R�(.3 ��*Q@TRpDSp@K��������@MC�-/.(�
�/@SHDMBDpDSp@K���������SGD�@U@HK@AKD�C@S@�
BNUDQR�SGD�ODQHNC�EQNL������SN������ 
@MC�RGNVR�SG@S�RHMBD�HSR�CHRBNUDQX��SGD�
binary system has nearly completed a full 
NQAHS�BXBKD��%HFTQD����3GD�FNNC�NQAHS@K�
coverage allows us to solve for the astro�
LDSQHB�NQAHS�NE�SGD�RXRSDL��XHDKCHMF�@�
RGNQS�ODQHNC��/p]p���pXQR���GHFG�DBBDM�
SQHBHSX��D�]����NQAHS� BBNQCHMF�SN�SGHR�
NQAHS�RNKTSHNM��SGD�OGXRHB@K�RDO@Q@SHNM�
ADSVDDM�SGD�SVN�GHFG�L@RR�RS@QR�U@QHDR�
ADSVDDM�]�p 4�@S�ODQH@RSQNM�O@RR@FD�
@MC���p 4�@S�@O@RSQNM�%QNL�SGD�NQAHS@K�
DKDLDMSR��VD�CDQHUDC�BNMRSQ@HMSR�NM�SGD�
RXRSDL�L@RR��,��
�,����������p,�) and 
NM�SGD�CHRS@MBD�SN�SGD�.-"����������pOB��
RDD�*Q@TRpDSp@K�:����<�ENQ�@�CDRBQHOSHNM� 
NE�SGD�@OOKHDC�LDSGNCR��.TQ�CHRS@MBD�DRSH�
mate is in excellent agreement with recent 
trigonometric parallax meas urements  
NE�RNLD�.QHNM�MNM�SGDQL@K�Q@CHN�DLHSSDQR��
VGHBG�XHDKCDC�@�CHRS@MBD�NE��������pOB�
�,DMSDMpDSp@K�������

Various earlier spectroscopic studies also 
measured the radial velocity of θ1}.QHp"��
QDUD@KHMF�KNMF�SDQL�Q@CH@K�UDKNBHSX�U@QH�
@SHNMR��2S@GK�DS�@K��������"NLAHMDC�VHSG�
NTQ�RNKTSHNM�ENQ�SGD�@RSQNLDSQHB�NQAHS��
these radial velocity measurements can 
be used to constrain the mass ratio of  
SGD�SVN�RS@QR�SN�,��,��������������
 BBNQCHMFKX��SGD�HMCHUHCT@K�RSDKK@Q�L@RRDR�
@QD�]��p,��@MC�]�p,���BNQQDRONMCHMF�
SN�RODBSQ@K�SXODR�NE�.���@MC�!���
QDRODBSHUDKX

Future science prospects

!DHMF�VDKK�RTHSDC�SN�GHFG�@BBTQ@BX�L@RR�
DRSHL@SDR��SGD�θ1}.QHp"�AHM@QX�RXRSDL�
QDOQDRDMSR�@M�HLONQS@MS�ADMBGL@QJ�ENQ�
evolutionary models of young massive 
RS@QR�(MSDQEDQNLDSQHB�@R�VDKK�@R�RODBSQN�
scopic observations over the next few 
years will be important to tighten the 
NARDQU@SHNM@K�BNMRSQ@HMSR�ETQSGDQ��HM�O@Q�
ticular as the system is approaching the 
MDWS�ODQH@RSQNM�O@RR@FD�@QNTMC������

Other very exciting science could perhaps 
be achieved in the immediate future  
using AMBER�s higher spectral resolution 
modes (λ�·λ��������NQ��� �����3GDRD�
modes will allow one to spatially resolve 
SGD�CHRSQHATSHNM�NE�SGD�KHMD�DLHSSHMF�F@R� 
in the inner few stellar radii around the 
θ1}.QHp"�OQHL@QX�RS@Q� BBNQCHMF�SN�SGD�
,"62�LNCDK��SGHR�KHMD�DLHRRHNM�SQ@BDR�
SGD�L@FMDSHB@KKX�BG@MMDKKDC�RSDKK@Q�VHMCR��
OQNUHCHMF�TMHPTD�HMRHFGSR�HMSN�SGD�L@RR�
loss mechanism and the dramatic mag�
netohydrodynamic effects around this 
HMSQHFTHMF�XNTMF�GNS�RS@Q

.TQ�RTBBDRRETK�@ODQSTQD�RXMSGDRHR�HL@F�
ing of the θ1}.QHp"�RXRSDL�CDLNMRSQ@SDR�

*Q@TR�2�DS�@K��3Q@BHMF�SGD�#XM@LHB�.QAHS�NE�θ1p.QHNMHRp"

Figure 2.�5+3(� ,!$1�C@S@�NAS@HMDC�NM�θ1p.QHp"�
CTQHMF�SVN�G@KE�MHFGSR�HM�#DBDLADQ�������ONHMSR���
NUDQK@HC�VHSG�NTQ�ADRS�jS�AHM@QX�LNCDK�3GD�TOODQ�
SGQDD�QNVR�RGNV�V@UDKDMFSG�CHEEDQDMSH@K�UHRHAHKHSHDR��
while the bottom row shows the recorded closure 
OG@RDR

SGD�B@O@AHKHSHDR�NE�SGD�5+3(� ,!$1�E@BHKHSX�
ENQ�GHFG�PT@KHSX�HMSDQEDQNLDSQHB�HL@FHMF�
Considering the large number of exciting 
upcoming science applications which  
QDKX�NM�LNCDK�HMCDODMCDMS�HL@FHMF��SGDRD�
capabilities will be of utmost importance 
MNS�NMKX�ENQ� ,!$1�ATS��HM�O@QSHBTK@Q��ENQ�
SGD�RDBNMC�FDMDQ@SHNM�5+3(�HMRSQTLDMSR�
Given the large demand for observing 
time and the relatively small number of  
 3�RS@SHNMR�NEEDQDC��HMSDQEDQNLDSQHB�HL@F�
HMF�VHSG�SGD���SDKDRBNOD�AD@L�BNLAHMDQ�
AMBER currently remains a challenging 
S@RJ�3GD�RDBNMC�FDMDQ@SHNM�HMRSQTLDMSR�
&1 5(38��, 3(22$�@MC�52(�VHKK�RHLTKS@�
neously combine four and more aper�
STQDR��VGHBG�RGNTKC�RHFMHjB@MSKX�HMBQD@RD�
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Figure 3. ,NR@HB�RGNVHMF�SGD�.QHNM�3Q@ODYHTL�
"KTRSDQ��@R�RDDM�VHSG�5+3�(2  "��KDES��EQNL�$2.�
,@QJ�,B"@TFGQD@M��@MC�VHSG�SGD�'23��TOODQ��EQNL�
- 2 �)NGM�!@KKX��3GD�HMRDS�SN�SGD�KNVDQ�QHFGS�RGNVR�
our θ1p.QHp"�5+3(� ,!$1�@ODQSTQD�RXMSGDRHR�HL@FD�
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@MC�V@R�KNB@SDC�SNV@QCR�ONRHSHNM�@MFKD���������¦�
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Figure 4. #XM@LHB@K�NQAHS�NE�SGD�GHFG��DBBDMSQHBHSX�
binary system θ1p.QHp"��@R�CDQHUDC�EQNL�SGD�HMSDQ�
EDQNLDSQHB�LNMHSNQHMF�B@LO@HFM��BNUDQHMF�SGD�ODQHNC�
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