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The Phase Referenced Imaging and 

Microarcsecond Astrometry (PRIMA) 

instrument was recently delivered to  

the summit of Cerro Paranal and in-

stalled as part of the Very Large Tele-

scope Interferometer (VLTI) infrastruc-

ture. PRIMA is designed to (i) provide 

phase-referenced interferometric imag-

ing at milliarcsecond scales, (ii) ena ble 

faint star science several magnitudes 

fainter than the current atmospheric 

limits of the VLTI, and (iii) provide astro-

metric measurements at the tens of 

micro-arcsecond level. PRIMA has suc-

FHVVIXOO\�VHHQ�:UVW�IULQJHV�DQG�LV�FXU -

rently (as of late 2008) undergoing initial 

commissioning tests. 

3GD�/1(, �!HF�!@MF�@MC�jQRS�EQHMFDR

The thirty-plus crates of optics, electron-
ics, mechanics, and other assorted 
�G@QCV@QD�@MC�RNESV@QD�NE�SGD�/G@RD�1DE -
DQDMBDC�(L@FHMF�@MC�,HBQN@QBRDBNMC�
 RSQNLDSQX��/1(, ��HMRSQTLDMS�@QQHUDC�@S�
"DQQN�/@Q@M@K�HM�LHC�)TKX�EQNL�$2.�
&@QBGHMF��@MC�SGD�/1(, �!HF�!@MF�V@R�
TMCDQV@X
�/1(, �R�@RRDLAKX��HMSDFQ@SHNM�
@MC�UDQHjB@SHNM�OG@RD���ADSSDQ�JMNVM�
simply as �the Big Bang� � spanned the 
ENKKNVHMF�RDUDM�VDDJR
�3D@LR�NE�DMFH -
MDDQR�@MC�RBHDMSHRSR�EQNL�$2.�&@QBGHMF�

@MC�$2.�/@Q@M@K�ROKHS�HMSN�LTKSHOKD�RGHESR�
@MC�VNQJDC�KHSDQ@KKX�@QNTMC�SGD�BKNBJ�SN�
assemble the complex instrument, care-
fully rationing out the limited resources of 
lab space, subsystem availability and  
RJX�SHLD
�!@RHB@KKX��VD�VDQD�ITRS�SQXHMF�
MNS�SN�RSDO�NM�D@BG�NSGDQ�R�SNDR
�3VN�  
VDDJR�@ESDQ�SGD�jQRS�RGHOLDMS��@�ETQSGDQ�
���BQ@SDR�@QQHUDC�EQNL�NTQ�/1(, �O@QS -
MDQR�@S�SGD�&DMDU@�.ARDQU@SNQX��@KNMF�
VHSG�RS@EE�EQNL�&DMDU@�@MC�,/( �'DHCDK -
ADQF
�(M�SGD�DMC��NUDQ����HMCHUHCT@KR�O@Q -
ticipated directly in a delicately choreo-
graphed dance of optical instrumentation 
HM�@�RO@BD�MN�K@QFDQ�SG@M�$2.�&@QBGHMF�R�
KNAAX
� M�TMCDQKXHMF�RDMRD�NE�OTQONRD�
and esprit de corps�JDOS�NTQ�DEENQSR�@kN@S�
@R�VD�VNQJDC�KNMF�C@XR�@MC�MHFGSR��OK@X -
ing out the endgame of more than eight 
XD@QR�NE�/1(, �CDUDKNOLDMS


As of the beginning of September 2008, 
individual subsystems had been unboxed, 
HMRS@KKDC�@MC�S@JDM�SGQNTFG�SGDHQ�O@BDR��
but the larger question of system integra-
SHNM�V@R�ADFHMMHMF�SN�AD�BNMRHCDQDC
�(M�
SGD�V@MHMF�C@XR�NE�SGD�/1(, �!HF�!@MF��
SVN�NE�SGD�5+3(�R�@TWHKH@QX�SDKDRBNODR�
� 3R��VDQD�SQ@HMDC�RJXV@QCR��%HFTQD�����
@MC�SGD��
��L�@ODQSTQDR�VDQD�TRDC�SN�
thread light from a single star through the 
optical beam trains, delay lines, and into 
NMD�NE�/1(, �R�EQHMFD�RDMRNQ�TMHSR�
�%24R�
�.M���2DOSDLADQ��������@�EDV�
days ahead of the ambitious Big Bang 
schedule � twin beams of starlight from 
'#�������RODBSQ@K�SXOD�*� III; V����
���  
K����
���VDQD�QDBNLAHMDC�HM�%24� ��@MC�

Figure 1.�-HBNK@�#H�+HDSN��$2.��VNQJHMF�SN�BNMjFTQD�
@�/1(, �2S@Q�2DO@Q@SNQ�NTS�@S� 3��CTQHMF�SGD�/1(, �
!HF�!@MF
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the telltale wiggle of interfering light was 
seen as the delay lines swept through  
the position of equal path length for each 
@ODQSTQD��%HFTQD���
�6HSGHM�@�EDV�C@XR��
SGHR�BNQD�DKDLDMS�NE�SGD�/1(, �RXRSDL�
was not only sensing fringes on far dim-
LDQ�RS@QR��ATS�@BGHDUHMF�SGD�LNQD�CHEjBTKS�
S@RJ�NE�KNBJHMF�NMSN�SGD�EQHMFDR�@MC�
@BSHUDKX�SQ@BJHMF�SGDL��%HFTQD���
�(MCD -
ODMCDMSKX��SGD�/1(, �K@RDQ�LDSQNKNFX�
system was also successfully operated 
NUDQ�@M�NOSHB@K�O@SG�NE�KDMFSG�����L��EQNL�
the interferometry laboratory to two ATs 
@MC�A@BJ


6G@S�HR�/1(, �

/1(, �HR�SGD�K@RS�NE�SGD�jQRS�FDMDQ@SHNM�NE�
5+3(�HMRSQTLDMSR��@KSGNTFG�HSR�BNLOKDWHSX�
and spot in the queue as the last of the 
jQRS�KDMC�HS�@�k@UNTQ�NE�ADHMF�5+3(�FDMDQ@ -
SHNM��
���DWO@MCDC�SDBGMHB@K�CDS@HKR�NM�
/1(, �ADXNMC�SGD�RBNOD�NE�SGHR�@QSHBKD�
B@M�AD�ENTMC�HM�#DKOK@MBJD�DS�@K
�������


/1(, �HR��OTS�RHLOKX��SVN�@RSQNMNLHB@K�
HMSDQEDQNLDSDQR�HM�NMD
�(S�HR�@AKD�SN�BNK�
lect starlight in each of two telescopes 
from not just one source but two, and 
simul taneously send these pairs of star-
KHFGS�AD@LR�SN�SGD�HMSDQEDQNLDSDQ�A@BJ -
DMC
�3GD�K�A@MC���
���L��RS@QKHFGS�EQNL�
SGD�jQRS�RNTQBD�HR�QDBNLAHMDC�HM�SGD�5+3(�
laboratory to form interference fringes, 
while fringes are collected simultaneously 
NM�SGD�RDBNMC�RNTQBD


'NVDUDQ��/1(, �HR�@KRN�LTBG�LNQD�SG@M�
two interferometers that just happen to 
BNG@AHS�SGD�R@LD�K@A
� S�SGD�SDKDRBNODR��
RS@Q�RDO@Q@SNQ��232��TMHSR�S@JD�SGD�jDKC�
observed by each telescope and split  
HS��RDMCHMF�NMD�RNTQBD�CNVM�NMD�/1(, �
beam path and a second source down 
SGD�O@Q@KKDK�NMD
� �RDBNMC@QX�HMSDQEDQN -
metric delay line, the differential delay line 
�##+��ATHKS�AX�SGD�$2/1(�BNMRNQSHTL���
accounts for small pathlength differences 
between the two sources due to their 
RKHFGSKX�CHEEDQDMS�ONRHSHNMR�NM�SGD�RJX��@MC�
allows fringes to be obtained simulta-
MDNTRKX�EQNL�ANSG�RNTQBDR
�$@BG�AD@L�
combiner contains a laser metrology 
F@TFD��/1(,$3��SG@S�HR�HMIDBSDC�@S�SGD�
ONHMS�NE�BNLAHM@SHNM��SQ@UDKR�A@BJV@QCR�
through the system to the STSs, and is 
QDSQNQDkDBSDC�A@BJ�EQNL�SG@S�ONHMS��LNMH -
toring the pairs of telescope feeds and 

tying them together at the nanometre 
KDUDK
�3GDRD�@CCHSHNM@K�RTARXRSDLR�S@JD�
/1(, �NTS�NE�SGD�QD@KL�NE�RHLOKX�@BGHDU -
ing contemporaneous fringes and em-
powers it with three unique capabilities 
�RDD�%HFTQD���


3GD�jQRS�NE�SGDRD�B@O@AHKHSHDR�HR�/1(, �R�
ability to measure astrometric angles 
ADSVDDM�SVN�RNTQBDR
�6GDM�TRHMF�@M�
@RSQNMNLHB@K�HMSDQEDQNLDSDQ��JMNVKDCFD�
of the geometry of the separation be-
tween two telescopes (the �baseline�) 
combined with a measurement of the 

Figure 2.�%HQRS�EQHMFDR�ENQ�/1(, ��NAS@HMDC�NM�%QHMFD�
2DMRNQ�4MHS� �NM���2DOSDLADQ�������NARDQUHMF�SGD�
RS@Q�'#������VHSG�SVN� 3R�RDO@Q@SDC�AX����L�@S�
5+3(�RS@SHNMR�&��@MC�&�


Figure 3.�!X�SGD�DMC�NE�SGD�/1(, �!HF�!@MF��EQHMFDR�
from stars with K ~ 6 were not only being detected, 
ATS�@BSHUDKX�SQ@BJDC
�3GD�TOODQ�O@MDK�RGNVR�SGD�
phase delay (blue), group delay (red) and delay line 
NEERDS��AK@BJ��HM�LHBQNMR�NE�NOSHB@K�O@SG�CDK@X�@R�@�
ETMBSHNM�NE�SHLD�ENQ�RS@Q�'#�������VHSG� 3R�@S�5+3(�
RS@SHNMR� ��@MC�'��ENQ�@�RDO@Q@SHNM�NE����L
�3GD�
lower panel shows the optical path delay controller 
�./#"��RS@SD�CTQHMF�SGHR�SHLD��VHSG�@�GHFG�RS@SD�����
HMCHB@SHMF�EQHMFD�KNBJ��KNV�����@�EQHMFD�RD@QBG�RS@SD��
@MC�@�LHCCKD�RS@SD�����QDkDBSHMF�@�LHMNQ�KNRR�ADHMF�
V@HSDC�NTS
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delay line setting can be used to estab-
KHRG�@�ONRHSHNM�NM�SGD�RJX�NE�SGD�NARDQUDC�
RNTQBD
�3GHR�HR�SXOHB@KKX�KHLHSDC�AX�SGD�
atmosphere and, more importantly, the 
instabilities of the optical system, which, 
ENQ�@�VHCDKX�CHRSQHATSDC�RXRSDL�KHJD�@M�
HMSDQEDQNLDSDQ��@QD�BNMRHCDQ@AKD
�'NV -
ever, by observing two sources simul-
taneously, and in particular, the instanta-
neous delay line settings for these two 
sources, this measurement may be done 
HM�@�CHEEDQDMSH@K�RDMRD
�,@MX�NE�SGD�  
dominant error terms become common 
mode and drop out when using this 
approach, allowing unprecedented levels 

of precision to be attained in measuring 
the astrometric angle between two 
RNTQBDR
�3GHR�SDBGMHPTD�V@R�OQDCHBSDC�SN�
be useful by Shao & Colavita (1992) and 
demonstrated on an engineering basis by 
SGD�/@KNL@Q�3DRSADC�(MSDQEDQNLDSDQ��/3(��
+@MD���"NK@UHS@���������/1(, �VHKK�AD�SGD�
jQRS�HMRSQTLDMS�SN�NEEDQ�SGHR�B@O@AHKHSX�SN�
the general astronomical community on a 
QNTSHMD�A@RHR


2DBNMCKX��/1(, �B@M�KDUDQ@FD�SGD�SVHM�
interferometer setup to observe sources 
RHFMHjB@MSKX�CHLLDQ�SG@M�OQDUHNTRKX�
 possible with single-source interferom-
DSDQR
�!X�NARDQUHMF�@�AQHFGS�RNTQBD�HM�
one of the two channels of the system, 
/1(, �B@M�TRD�SGHR�RNTQBD�MNS�NMKX� 
SN�SQ@BJ�SGD�@SLNROGDQHB�CHRSTQA@MBDR�ENQ�
the bright source itself, but to feed- 
forward the error correction signals to  
SGD�RDBNMC@QX�BG@MMDK
�3GD�RDBNMC@QX�
channel can then be steered off to a 
nearby, dim source, and interferometric 
obser vations can be carried out without 
the atmosphere obfuscating the interfer-
DMBD�EQHMFDR
�(M�SGHR�E@RGHNM��/1(, �  
operates as an interferometric analogue 
to single-aperture natural guide star 
adaptive optics: the bright source in this 
B@RD�HR�MNS�NMKX�ADHMF�TRDC�SN�S@JD�NTS�
the �corrugations� in the wavefronts of 
the individual apertures, but is also used 
to remove pathlength errors that are 
HMSQNCTBDC�AX�SGD�kTBST@SHMF�@SLNROGDQD�
(commonly referred to as �piston� or 
fEQHMFD�IHSSDQt�
�3N�SQ@BJ�SGD�EQHMFDR��SGD�
bright source is limited to observations 
no longer in duration than an atmos-
pheric coherence time; however, the error 
RHFM@KR�EQNL�SGD�AQHFGS�RNTQBD�SQ@BJHMF�
can then be used to create a synthetic 
coherence time for the secondary source 
SG@S�HR�RHFMHjB@MSKX�KNMFDQ
�3GD�RDBNMC�
channel can then stare coherently at  
@�RHFMHjB@MSKX�CHLLDQ�RNTQBD�@MC�QDBNQC�
TRDETK�C@S@
� F@HM��SGHR�V@R�CDLNM -
RSQ@SDC�AX�SGD�/3(��+@MD���"NK@UHS@��������
@MC�@F@HM��/1(, �VHKK�AD�SGD�jQRS�HMRSQT -
ment to routinely offer this functionality to 
@KK
�(M�@CCHSHNM�SN�EDDCHMF�NMD�NE�SGD�SVN�
%24R�VHSG�@�CHL�RNTQBD��/1(, �G@R�ADDM�
designed to provide off-axis dim source 
SQ@BJHMF�SN�SGD�DWHRSHMF�5+3(�HMRSQTLDMSR�
 ,!$1�@MC�,(#(


Thirdly, the dual-object nature of the 
interferometer can be used to construct 
high resolution images of objects upon 

SGD�RJX�TRHMF�fOG@RD�QDEDQDMBDC�HL@F -
HMFt
� SLNROGDQHB�STQATKDMBD�BNQQTOSR�SGD�
phase information relevant to the Fourier 
transform of the object image � without 
such corruption, it would be possible  
for a single-object interferometer to con-
struct, point by point, the full Fourier 
components of the object image, and 
@KKNV�ETKK�HL@FD�QDBNMRSQTBSHNM
�/1(, � 
HR�@AKD�SN�L@JD�NAIDBS�HL@FD�OG@RD�
measurements by observing a science 
object simultaneously with a reference 
star; the reference star in this case being 
RDKDBSDC�SN�G@UD�@�MTKK�OG@RD��H
D
��AD�
BDMSQN�RXLLDSQHB�
�!X�L@JHMF�LTKSHOKD�
observations over the course of a night, 
and with multiple baselines on different 
nights, many Fourier phase components 
for a science object can be built up, and 
@M�HL@FD�B@M�AD�QDBNMRSQTBSDC
�3GHR�
technique can be applied to faint targets 
@R�CDRBQHADC�HM�SGD�OQDUHNTR�O@Q@FQ@OG


3GDRD�SGQDD�B@O@AHKHSHDR�L@JD�/1(, �
extraordinarily special and an exciting 
development for astronomical interferom-
etry with either the ATs or the Unit Tele-
RBNODR��43R�
�(SR�@RSQNLDSQHB�B@O@AHKHSX�  
is a unique new tool, and its faint source 
capabilities will allow astronomers to 
reach past the barrier of sensitivity that 
has plagued interferometers and examine 
E@HMS�S@QFDSR�VHSG�GHFG�@MFTK@Q�QDRNKTSHNM


Expected performance and limitations of 
/1(, 

 R�/1(, �NODQ@SDR��SGDQD�@QD�SVN�L@INQ�
limitations familiar to all astronomers:  
SGD�@SLNROGDQD��@MC�SGD�HMRSQTLDMS�HSRDKE
�
3GD�@SLNROGDQD�KHLHSR�/1(, �HM�@�
MTLADQ�NE�V@XR
� R�LDMSHNMDC�@ANUD��
the atmospheric coherence time is the 
maximum time span allowed for attempt-
HMF�SN�CDSDBS�@MC�SQ@BJ�EQHMFDR�NM�SGD�
AQHFGSDQ�NE�SGD�SVN�RNTQBDR
�3GHR�U@KTD�HR�
SXOHB@KKX�@ANTS����LR�ENQ�/@Q@M@K��VGHBG�
will limit the system (accounting for beam 
transmission losses, detector QE, and 
other system pitfalls) to sources of 
roughly K = 8 on the auxiliary telescopes 
(and correspondingly dimmer for UT 
observations, roughly K������


%NQ�SGD�RDBNMC��E@HMSDQ�RNTQBD��SGD�SQ@BJ-
HMF�NE�/1(, �NM�SGD�AQHFGS�RNTQBD�@KKNVR� 
a longer, synthetic coherence time to  
be provided, but only if the atmospheric 

Figure 4.�2BGDL@SHB�NE�SGD�/1(, �RXRSDL�ENQ�SGD�
5+3(��GHFGKHFGSHMF�SGD�L@INQ�RTARXRSDLR�@KNMF�SGD�
NOSHB@K�O@SGR�NE�SGD�E@BHKHSX


2S@Q
2DO@Q@ SNQ

2S@Q
2DO@Q@ SNQ

#DK@ X
+HMD

#HEE DQDMSH@K
#DK@ X�+HM D

#HEE DQDMSH@K
#DK@ X�+HM D

%QHMFD
2DMRNQ�  

,DSQNKNF X ,DSQNKNF X

%QHMFD
2DMRNQ�!

#DK@ X
+HMD

3DKDRBNODR�@MC�(MRSQTLDMS@SHNM U@M�!DKKD�&
�DS�@K
��3GD�5+3(�/1(, �%@BHKHSX
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BNQQDBSHNMR�@QD�BNLLNM�LNCD
�3GHR� 
KHLHSR�SGD�RDBNMC�RNTQBD�SN�@�RJX�KNB@SHNM�
that is near the bright primary source  
��RODBHjB@KKX�VHSGHM�NMD�HRNOK@M@SHB�@MFKD
�
%NQ�/@Q@M@K��SGD�RHYD�NE�SGHR�@MFKD�HM�SGD�
K-band for an evening of median seeing is 
QNTFGKX���l���@QBRDBNMCR
� R�NMD�LHFGS�
DWODBS��@R�SGD�OQHL@QXlRDBNMC@QX�NM�RJX�
angle decreases, the system performance 
improves, particularly in the area of deter-
LHM@SHNM�NE�SGD�@RSQNLDSQHB�@MFKD
� RSQN-
LDSQHB�OQDBHRHNM�@KRN�ADMDjSR�EQNL�G@UHMF�
@�AQHFGS�RDBNMC@QX�RNTQBD��ATS�KHJDKHGNNC�
NE�jMCHMF�@�RDBNMC@QX�RNTQBD�ENQ�TRD� 
as an astrometric reference increases as 
NMD�RD@QBGDR�CDDODQ
�4MENQSTM@SDKX��HS�
ADBNLDR�HMBQD@RHMFKX�CHEjBTKS�SN�jMC�CHL�
sources next to bright ones from existing 
RTQUDXR��CTD�SN�R@STQ@SHNM�KHLHS@SHNMR
� 
For example, sources at K = 6 in the 
�, 22�@MC�#$-(2�RTQUDXR�SDMC�SN�V@RG�
NTS�@KK�CHLLDQ�RNTQBDR�NTS�SN����@QBRDB-
NMCR��TMENQSTM@SDKX�L@JHMF�SGDRD�RTQUDXR�
unsuited for selecting bright�dim pairs 
(although it is still quite useful for at least 
HCDMSHEXHMF�SGD�AQHFGS�RNTQBDR�


The instrumental limitations are many, 
which is unsurprising in an instrument of 
SGHR�BNLOKDWHSX
�.E�SGDRD��NMD�SG@S�HR�ENQD -
most in many people�s minds is that of 
system vibration, which serves to smear 
out interference fringes by introducing 
variations in system pathlength that are 
too fast and/or large to be followed by the 
EQHMFD�SQ@BJDQ�R�NARDQU@SHNMR�NE�RS@QKHFGS�
EQHMFDR
�3GD�/1(,$3�LDSQNKNFX�RXRSDL�
will operate to mitigate these effects by 
monitoring the pathlengths through most 
the system, coherently preserving the 
OQDBHNTR�RS@QKHFGS�ENQ�SGD�EQHMFD�SQ@BJDQ


A second thorny instrumental issue is 
SG@S�NE�A@RDKHMD�JMNVKDCFD
�%NQ�@RSQNLD -
SQX�@S�SGD���l���LHBQN@QBRDBNMC���@R��
level, the geometry of the two telescopes 
QDK@SHUD�SN�D@BG�NSGDQ�MDDCR�SN�AD�JMNVM�
SN�@M�@BBTQ@BX�NE�QNTFGKX�����L�NUDQ�
RDO@Q@SHNMR�NE����l����LDSQDR
�3GHR�
problem separates out into two compo-
nents: the wide-angle baseline, which is 
the average separation between the  
two telescopes during the observation, 
and the narrow-angle baseline, which  
is the differences in wide-angle baseline 
seen by the primary and secondary 
sources due to residual non-common 
paths and mechanical imperfections in 
SGD�RXRSDL
�3GD�VHCD�@MFKD�A@RDKHMD�B@M�

be established to the required accuracy 
AX�NARDQU@SHNMR�NE�RS@QR�VHSG�VDKK�JMNVM�
astrometric positions, such as Hipparcos 
S@QFDSR
�3GD�M@QQNV�@MFKD�A@RDKHMD�HR�
determined through monitoring of the 
system mechanical structure, and is a 
OQHL@QX�LNSHU@SHNM�ENQ�SGD�/1(,$3�RTA -
RXRSDL
�'NVDUDQ��/1(,$3�HR�TM@AKD�SN�
monitor all of the beampath, in particular 
SGD�SDKDRBNOD�"NTC!�SQ@HMR
�$RS@AKHRGHMF�
a full solution for the narrow-angle base-
line problem remains an outlying chal-
KDMFD�ENQ�SGD�/1(, �SD@L
�%NQSTM@SDKX��
while this particular problem is an issue 
ENQ�/1(, �R�@RSQNLDSQHB�ODQENQL@MBD��HS�
CNDR�MNS�HLO@BS�SGD�E@HMS�RS@Q�RBHDMBD


6NQJHMF�VHSGHM�SGDRD�KHLHS@SHNMR��VD�
expect to be able to reach magnitudes of 
K = 8 on the bright source in reasonable 
seeing conditions with the ATs, and push 
@S�KD@RS�jUD�L@FMHSTCDR�CDDODQ�VHSG�SGD�
companion faint source when a bright 
RNTQBD�HR�OG@RHMF�TO�SGD�RXRSDL
�2XM -
SGDSHB�BNGDQDMBD�SHLDR�@S�SGD�/3(�DWODQH -
ment of 1�2 seconds � some 100�200 
times longer than the atmospheric coher-
ence time � bear this expectation out  
@R�@�QD@RNM@AKD�NMD
� MDBCNS@K�DUHCDMBD�
EQNL�D@QKX�%(-(3.�NODQ@SHNMR�SG@S�DUDM�
longer synthetic coherence times are 
possible under excellent seeing condi-
tions will be explored to establish the full 
RDMRHSHUHSX�DMUDKNOD�NE�SGD�RXRSDL
�(MHSH@K�
astrometric performance of the system, 
pending a solution to the narrow-angle 
baseline problem, will be limited to the 
��l�����@R�KDUDK��@M�DWODBS@SHNM�@KRN�
RTOONQSDC�AX�SGD�OQDUHNTR�VNQJ�NM�SGD�
SNOHB�
�3GD�ETKKX�NODQ@SHNM@K�RXRSDL�VHKK�
G@UD�@M�TKSHL@SD�KHLHS�NE���l����@R��
although this will require not only near-
perfect operations, but also almost unre-
alistically well-suited pairs of bright 
sources with almost similarly bright sec-
ondary astrometric reference sources sit-
uated well within an isoplanatic angle (of 
VGHBG�SGDQD�@QD�MN�JMNVM�DW@LOKDR�HM�
SGD�RNTSGDQM�GDLHROGDQD�
�.TQ�DWODBS@ -
tion is that, for a reasonable science pro-
gramme with a sample size of at least 
ten, the median performance limit of the 
system (accounting for instrument, good 
but not great atmospheric conditions, 
realistic source brightnesses, and realis-
SHB�NARDQUHMF�SHLDR��VHKK�AD���l����@R


Clearly, our goals are to push beyond 
SGDRD�KHLHSR
�'NVDUDQ��DUDM�@S�SGDRD�

KHLHSR��SGD�B@O@AHKHSHDR�NEEDQDC�AX�/1(, �
@QD�DWBHSHMF�@MC�DM@AKD�TMHPTD�RBHDMBD


2BHDMBD�B@RD�ENQ�/1(, 

The general science case that motivated 
SGD�CDUDKNOLDMS�NE�/1(, �HR�CHRBTRRDC� 
HM�#DKOK@MBJD�DS�@K
�������
� �OQHL@QX�
CQHUDQ�ENQ�SGD�@RSQNLDSQHB�@RODBS�NE�/1( -
MA�s functionality is the detection and 
BG@Q@BSDQHR@SHNM�NE�DWSQ@RNK@Q�OK@MDSR
� 
At a distance of 10 parsecs, a star with 
RODBSQ@K�SXOD�&��NQAHSDC�AX�@�)TOHSDQ�
L@RR�NAIDBS�HM�@�)TOHSDQ�KHJD�NQAHS�RGNVR�
@M�@RSQNLDSQHB�RHFM@K�NE�@ANTS�������@R�
(Figure 5) � clearly within the reach of 
DUDM�/1(, �R�HMHSH@K�B@O@AHKHSHDR
�3GDRD�
objects are, by design, particularly well 
RTHSDC�ENQ�/1(, ��RHMBD�SGD�RS@Q�NE�HMSDQ -
DRS�HR�MD@QAX�@MC�VHKK�G@UD�@�RHFMHjB@MS�
@OO@QDMS�AQHFGSMDRR��OQNUHCHMF�/1(, �R�
bright channel with a strong signal upon 
VGHBG�SN�EQHMFD�SQ@BJ


Many of the extrasolar planets that are 
nearby have already been detected 
through the efforts of teams using the 
Q@CH@K�UDKNBHSX��15��SDBGMHPTD
�6GHKD�SGHR�
could be considered by some to be a 
fRBNNOt�NE�/1(, �R�NOONQSTMHSX�SN�CHR -
cover new worlds, it in fact greatly expe-
CHSDR�/1(, �R�@AHKHSX�SN�BNMSQHATSD�RHFMHj -
B@MS�@RSQNOGXRHB@K�JMNVKDCFD�SN�SGD�jDKC
�
A major limitation of the RV technique  
is the uncertainty in planetary mass due 
SN�SGD�K@BJ�NE�JMNVKDCFD�NE�NQAHS@K�HMBKHM@ -
tion: RV is essentially a one-dimensional 
SDBGMHPTD�@MC�G@R�SGHR�KHLHS@SHNM�ATHKS�HM
�
/1(, �R�@RSQNLDSQX��AX�BNMSQ@RS��HR�@M�
inherently two-dimensional approach that 
G@R�MN�RTBG�QDRSQHBSHNMR
� R�SGD�jDKC�NE�
extrasolar planetary science progresses 
from the discovery phase to the more 
CDS@HKDC�BG@Q@BSDQHR@SHNM�OG@RD��RODBHjB�
JMNVKDCFD�NE�SGD�OK@MDS@QX�L@RRDR�VHKK�
help open up the considerations of plan-
etary composition and structure that are 
MNV�ADHMF�ONMCDQDC
�3GD�15�CDSDBSHNMR�
made to date provide a roadmap for 
/1(, �SN�OQNUHCD�BNMSQHATSHNMR�SN�SGD�
jDKC�Q@OHCKX��VGHKD�HS�ADFHMR�SGD�LNQD�
lengthy process of exploring its own 
TMHPTD�CHRBNUDQX�RO@BD��+@TMG@QCS�DS�@K
��
�����


(S�RGNTKC�AD�MNSDC�SG@S�QDBDMS�QDRTKSR�
probing the limits of large single-aperture 
telescope astrometry are starting to push 
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HMSN�SGD�RKHFGSKX�BN@QRDQ����l�����@R�
QDFHLD��+@YNQDMJN�DS�@K
�������
�'NVDUDQ��
these experiments are limited to dense 
jDKCR�NE�RS@QR�NE�RHLHK@Q�AQHFGSMDRR��KHLHS -
ing their utility, particularly for extrasolar 
planetary investigations (although they 
are exciting new tools for exploring glob-
TK@Q�BKTRSDQR�@MC�NSGDQ�RTEjBHDMSKX�CDMRD�
QDFHNMR�NE�SGD�RJX�


Many other astrometric applications exist 
ENQ�/1(, �ADXNMC�ITRS�DWSQ@RNK@Q�OK@MDSR
�
Determination of parallax is possible  
with proper selection of the secondary 
QDEDQDMBD�RS@Q��CDkDBSHNM�NE�RS@QKHFGS�CTD�
to general relativistic effects could be 
DWOKNQDC��D
F
��@R�)TOHSDQ�O@RRDR�BKNRD�SN�
NMD�NE�SVN�RS@QR�ADHMF�EDC�HMSN�/1(, ���
orbits of small Solar System bodies could 
AD�SQ@BJDC�VHSG�TMOQDBDCDMSDC�@BBTQ@BX�
VHSG�/1(, ��CXM@LHBR�NE�NAIDBSR�MD@Q�
SGD�&@K@BSHB�"DMSQD�BNTKC�AD�SQ@BJDC�VHSG�
accuracy beyond existing studies and 
additional applications surely exist that 
G@UD�MNS�XDS�ADDM�BNMRHCDQDC


For faint object and phased-referenced 
HL@FHMF�RBHDMBD��/1(, �NODMR�TO�@�
realm of phase space that, up until now, 
had been off-limits to optical 

HMSDQEDQNLDSQX
�&@K@BSHB�BNQDR�BNMRSHSTSD�
an obvious class of objects that is of con-
siderable interest for high resolution 
NARDQU@SHNMR
�%QHMFD�SQ@BJHMF�KHLHS@SHNMR�
G@UD��TMSHK�MNV��KHLHSDC�RTBG�VNQJ�SN�
sources that could be self-referenced, 
RDQUHMF�@R�SGDHQ�NVM�EQHMFD�SQ@BJHMF�
RNTQBD��ATS�/1(, �VHKK�AD�@AKD�SN�RHCD -
step this limitation through use of its faint 
RNTQBD�BG@MMDK
�3GD�MDDC�ENQ�@�MD@QAX�
AQHFGS�RNTQD�ENQ�EQHMFD�SQ@BJHMF�HR�HSR�NVM�
KHLHS@SHNM��ATS�@�PTHBJ�RTQUDX�NE�SGD�
appropriate catalogues shows it to be far 
less of a one than the previous limits (van 
!DKKD�DS�@K
��������RDD�DW@LOKD�HM�%HFTQD�
��
�.SGDQ�NAIDBS�BK@RRDR�HMBKTCD�XNTMF�
stellar objects (especially those that are 
deeply embedded in dusty shells), aster-
oid shape mapping and density determi-
nation, imaging of evolved stars, and 
ONRRHAKX�AQNVM�CV@QE�@MFTK@Q�CH@LDSDQR
�
As with the astrometric possibilities, 
L@MX�NE�SGD�@OOKHB@SHNMR�NE�/1(, �E@HMS�
object mode await the creativity of the 
ESO community to exploit it in new and 
TMDWODBSDC�V@XR


Description of the system

3GD�/1(, �HMRSQTLDMS�G@R�@�RTEjBHDMSKX�
DWO@MRHUD�ENNSOQHMS�TONM�SGD�5+3(�HMEQ@ -
structure that we consider it to be more 
NE�@�E@BHKHSX�SG@M�LDQDKX�@M�HMRSQTLDMS
�  
 �RHFMHjB@MS�BNLONMDMS�NE�/1(, �HR�SGD�
existing infrastructure, including the ATs, 

UTs, standard delay lines (DLs), tele-
RBNOD�UHRHAKD�KHFGS�SHO�SHKS�SQ@BJHMF�RXRSDL�
�231 /���,TKSH� OOKHB@SHNM�"TQU@STQD�
Adaptive Optics (MACAO) on the UTs, 
HMSDQEDQNLDSDQ�HMEQ@QDC�SHO�SHKS�SQ@BJHMF�
RXRSDL��(1(2���U@QH@AKD�BTQU@STQD�LHQQNQR�
(VCMs) on the delay lines and now also 
part of the new star separator subsystem, 
the DL alignment subsystem, and when 
/1(, �HR�TRDC�VHSG�SGD�43R��UHAQ@SHNM�
BNMSQNK


2HFMHjB@MS�TOFQ@CDR�SN�SGD�5+3(�HMEQ@ -
RSQTBSTQD�SG@S�ADMDjS�SGD�DWHRSHMF�HMRSQT -
ments are a new, improved alignment 
source MARCEL (which replaces the pre-
UHNTR�TMHS��+DNM@QCN���@MC�@�MDV�QDkDB -
SHUD�LDLNQX�MDSVNQJ��1,-��SG@S�ED@STQDR�
improved throughput and reduced 
K@SDMBX�SHLDR


/1(, �RODBHjB�RTARXRSDLR�SG@S�@QQHUDC�
en masse during and in advance of the 
/1(, �!HF�!@MF�ADF@M�VHSG�SGD�2S@Q�
2DO@Q@SNQR��232R�
�3GD�232R�RDO@Q@SD�
the light of two astronomical objects with 
separations 1�60 arcseconds and feed it 
HMSN�SVN�O@Q@KKDK�5+3(�NOSHB@K�AD@L�SQ@HMR
�
3GD�232�BNLODMR@SDR�ENQ�jDKC�QNS@SHNM�� 
stabilises the beam tip-tilt and adjusts the 
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Figure 5. Apparent astrometric signature of our Sun 
as a function of time at a distance of 10 parsecs, 
DWGHAHSHMF�SGD�@RSQNLDSQHB�QDkDW�LNSHNM�@RRNBH@SDC�
VHSG�@KK�NE�SGD�2NK@Q�2XRSDL�OK@MDSR
�)TOHSDQ�CNLH -
nates, followed by Saturn and the other two gas 
FH@MSR
�$@QSG�R�RHFM@STQD�HR�L@RJDC�AX�SGD�OKNS�KHMD�
VHCSG�@S�SGD�­���@R�KDUDK
�
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Figure 6. Example faint source for observation with 
/1(, 
�-33�2.%(�HL@FD�NE�$2.�������
�3GD�NAIDBS�
HR�@�2DXEDQS���F@K@WX��SNN�CHL�ENQ�CHQDBS�EQHMFD�SQ@BJ ���
ing at K >~���
���ATS�MD@QAX�SGDQD�HR�@�AQHFGS�RNTQBD�
�'#������� K����
����SG@S�B@M�AD�TRDC�SN�OG@RD�TO�
SGD�HMSDQEDQNLDSDQ
�

3DKDRBNODR�@MC�(MRSQTLDMS@SHNM U@M�!DKKD�&
�DS�@K
��3GD�5+3(�/1(, �%@BHKHSX
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K@SDQ@K�@MC�@WH@K�@KHFMLDMS�NE�SGD�OTOHK
�
Chopping and/or counter-chopping on 
the bright or faint source has also been 
implemented in the STS design; two units 
RODBHjB�SN�SGD� 3R�@MC�NMD�ENQ�D@BG�NE�
SGD�43R�G@UD�ADDM�ATHKS��-HIDMGTHR�DS�@K
��
�����


The Differential Delay Lines (DDLs) were 
OQNUHCDC�AX�SGD�$2/1(�"NMRNQSHTL�@MC�
are responsible for providing slight delay 
offsets between the primary and second-
@QX�RNTQBDR
�3GD�##+R�BNMRHRS�NE�GHFG�
quality cat�s eyes in vacuum, displaced 
on parallel beam-mechanics by means  
of two-stage actuation, with a precision 
NE���ML�NUDQ�@�RSQNJD�KDMFSG�NE����LL
�
Over the full range, a bandwidth of about 
����'Y�HR�@BGHDUDC��/DOD�DS�@K
�������


The Fringe Sensor Units (FSUs) are de -
signed to provide high precision fringe 
phase measurements with a goal of  
1 nm rms (corresponding to L�� ����
�3N�
achieve this, careful calibration proce-
dures were developed, with special 
attention given to the achieved measure-
LDMS�KHMD@QHSX�@MC�QDOD@S@AHKHSX
�3GD�PT@K -
ity of the FSU calibration is crucial in 
order to achieve the ultimate astrometric 
@BBTQ@BX��2@GKL@MM�DS�@K
�������


Central to successful FSU calibration  
HR�SGD�/1(, �LDSQNKNFX�RTARXRSDL�
�/1(,$3��+DUDPTD�DS�@K
���������CDRHFMDC�
AX�$2.�@MC�SGD�(MRSHSTSD�NE�,HBQNSDBG �
MNKNFX�NE�-DTBG�SDK��(,3�
�3GD�/1(,$3�
source, based upon a frequency- 
RS@AHKHRDC�-Cl8@F�K@RDQ��OQNUHCDC�AX�(,3�
and calibrated with the help of the Max-
/K@MBJ�(MRSHSTS�EXQ�0T@MSDMNOSHJ��@KKNVR�
nanometre-level pathlength measure-
ments to be attempted with an imper-
EDBSKX�RS@AKD�HMSDQEDQNLDSDQ
�3GD�NUDQ@KK�
BNLOKDWHSX�NE�/1(, �HR�B@QDETKKX�ADHMF�
addressed from software standpoint with 
comprehensive operations software and 
astrometric data reduction software (Elias 
DS�@K
��������3TAAR�DS�@K
��������@R�VDKK


 �ETQSGDQ�RHFMHjB@MS�DEENQS�HM�RTOONQS�NE�
/1(, �SG@S�G@R�MNV�ADDM�QDSHQDC��  
but bears special mention, is the Fringe 
3Q@BJHMF�3DRSADC�SG@S�V@R�DLOKNXDC�
extensively over the past two years to 
SDRS�SGD�%24�@MC�/1(,$3�RTARXRSDLR�
@MC�QDLNUD�SGD�QHRJ�@RRNBH@SDC�VHSG�SGDL�
�2@GKL@MM�DS�@K
�������
�3GHR�SDRSADC�

E@BHKHSX�V@R�ATHKS�@S�,/$�K@ANQ@SNQHDR�HM�
&@QBGHMF�VHSG�SGD�@HL�NE�RHLTK@SHMF�SGD�
5+3(�@MC�HMBKTCDC�%24R��@M�NOSHB@K�O@SG�
CDK@X�BNMSQNKKDQ��/1(,$3�@MC�HM�GNTRD�
ATHKS�CDK@X�KHMDR


6GN�HR�/1(, �

More than the collection of hardware  
and software mentioned in the previous 
RDBSHNM��/1(, �HR�@�O@QSMDQRGHO�VNQJHMF�
towards the goal and rewards of dual-
AD@L�HMSDQEDQNLDSQX
�/1(, �HMBKTCDR� 
RHFMHjB@MS�BNMSQHATSHNMR�EQNL�ANSG�$2.�
&@QBGHMF�@MC�$2.�/@Q@M@K��@MC�$2/1(�
O@QSMDQR�SGD�&DMDU@�.ARDQU@SNQX��SGD�
,@W�/K@MBJ�(MRSHSTS�EXQ� RSQNMNLHD�HM�
Heidelberg, and the Landessternwarte 
'DHCDKADQF��/1(, �@KRN�HMBKTCDR�BNMSQH -
butions from Leiden University, the Ecole 
/NKXSDBGMHPTD�%!C!Q@KD�CD�+@TR@MMD��SGD�
(MRSHSTSD�NE�,HBQNSDBGMNKNFX�NE�-DTBG�SDK�
@MC�,/$�&@QBGHMF��HMCTRSQH@K�O@QSMDQR� 
NM�SGD�/1(, �OQNIDBS�HMBKTCD�3-.�@MC�
3G@KDR� KDMH@�2O@BD


2BGDCTKD�ENQ�/1(, 

"NLLHRRHNMHMF�NE�/1(, �HR�RBGDCTKDC�SN�
NBBTQ�SGQNTFGNTS�/DQHNC�����BNUDQHMF�
ENTQ�QTMR�NE�QNTFGKX�SDM�C@XR�D@BG��/���
observing will concentrate on simple sys-
tem operations involving feeding only a 
RHMFKD�RS@Q�HMSN�SGD�RXRSDL
�.OSHLHR@SHNM�
NE�EQHMFD�SQ@BJHMF�@KFNQHSGLR�VHKK�KD@C� 
to fundamental system characterisation, 
including night-to-night repeatability, 
absolute visibility amplitude tests and 
LD@RTQDLDMSR�NE�KHLHSHMF�L@FMHSTCD
�
/DQHNC����VHKK�G@UD�@�RHLHK@Q�RDS�NE�BNL -
missioning runs, but will expand testing 
to full dual-star operations, with initial 
SDRSR�NE�SGD�@RSQNLDSQHB�NARDQUHMF�LNCD
�
(E�RTBBDRRETK��RBHDMBD�UDQHjB@SHNM�NARDQ -
U@SHNMR�VHKK�RNNM�ENKKNV�@MC�/1(, �
astrometry will be released to the com-
LTMHSX�SGDQD@ESDQ


%TSTQD�NE�/1(, �@MC�OG@RD�QDEDQDMBDC�
imaging

Already there are plans to expand the 
scope of dual-beam interferometry at the 
5+3(
�(M�O@QSHBTK@Q��SGD�RDBNMC�FDMDQ@SHNM�
5+3(�HMRSQTLDMS�&1 5(38��&DMDQ@K�

1DK@SHUHSX� M@KXRHR�UH@�5+3�(MSDQEDQNLDSQ8��
$HRDMG@TDQ�DS�@K
��������HR�RODBHjB@KKX�CD ���
RHFMDC�SN�NODQ@SD�HM�@�/1(, �KHJD�E@RGHNM��
but using not just two, but all four UTs 
RHLTKS@MDNTRKX�SN�@BGHDUD�����@R�@RSQNL -
etry on six baselines on faint (K�®�����
RNTQBDR�@S�SGD�&@K@BSHB�"DMSQD
�2TBG�
observations have the potential to probe 
highly relativistic motions of matter close 
to the event horizon of Sgr A*, the mas-
RHUD�AK@BJ�GNKD�@S�SGD�BDMSQD�NE�SGD�,HKJX�
6@X


%NQ�/1(, �HSRDKE��DWBHSHMF�CHRBNUDQHDR�KHD�
@GD@C�HM�SGD�LNQD�HLLDCH@SD�ETSTQD
�3GD�
MDV�B@O@AHKHSHDR�HS�OQNUHCDR�SN�SGD�5+3(�ENQ�
both astrometry and faint object science 
open up wide new frontiers in astronomi-
B@K�HMSDQEDQNLDSQX
�$WODQHDMBD�G@R�RGNVM�
that in such circumstances, the most 
interesting results come from unexpected 
PT@QSDQR


Term

ADRS

DDL

ESPRI

FSU

PRIMET

{DV

STS

Description

Astrometric Data Reduction Software

Differential Delay Line

$WNOK@MDS�2D@QBG�VHSG�/1(L@

Fringe Sensor Unit

/1(, �,DSQNKNFX

micro-arcsecond

Star Separator

4RDETK�/1(, �)@QFNM
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