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2  (MRSHSTS�C� RSQNOGXRHPTD�CD�/@QHR��%Q@MBD

7KH�ZLGH�:HOG�LPDJLQJ�VXUYH\V�WR�EH�

conducted with ESO VISTA and VST tel-

escopes and with the ESA Gaia satellite 

demand spectroscopic follow-up. Pres-

entations and discussions on the role of 

ZLGH�:HOG�VSHFWURVFRSLF�VXUYH\V�ZLWK�

ESO telescopes at this dedicated work-

shop are summarised. The instrument 

requirements for spectroscopic surveys 

RI�ODUJH�VFDOH�JDOD[\�VWUXFWXUH��IXQGD-

mental cosmology, and the structure of 

the Milky Way and its neighbourhood 

are presented.

Ever since the large surveys with the 
2BGLHCS�SDKDRBNODR�HM�"GHKD�@MC� TRSQ@KH@��
the European astronomical community 
has been very active in the execution and 
DWOKNHS@SHNM�NE�VHCD�@QD@�HL@FHMF�RTQUDXR
�
3GHR�G@R�ADDM�QDkDBSDC�HM�SGD�RBHDMSHjB�
policies within ESO and in particular has 
led to the advent of two specialised sur�
UDX�SDKDRBNODR�NM�/@Q@M@K��SGD���
��LDSQD�
5+3�2TQUDX�3DKDRBNOD��523��ENQ�NOSHB@K�
RTQUDXR�@MC�SGD���
��LDSQD�5HRHAKD�@MC�
Infrared Survey Telescope for Astronomy 
�5(23 ��ENQ�VHCD�jDKC�MD@Q�HMEQ@QDC�RTQ�
UDXR
�3GDRD�SDKDRBNODR�G@UD�@SSQ@BSDC�@�
very strong interest from the community 
to propose public surveys with these facil�
HSHDR
� �BNLOQDGDMRHUD�RDS�NE�SGQDD�K@QFD�
surveys with VST and six public surveys 
VHSG�5(23 ��RTOONQSDC�AX�@KLNRS�����
@RSQNMNLDQR�HM�SNS@K��G@UD�ADDM�@KKNB@SDC�
more than 2000 nights with these tele�
RBNODR�NUDQ�@�ODQHNC�NE�jUD�XD@QR1
�3N�
DWOKNHS�SGDRD�HL@FHMF�RTQUDXR�ETKKX��RDUDQ@K�
OQNFQ@LLDR�VHKK�QDPTHQD�ENKKNV�TO�RODBSQN�
RBNOX��VGHBG�HM�STQM�MDDC�OQNODQ�E@BHKHSHDR�
@MC�ONKHBHDR�SN�AD�HLOKDLDMSDC
�3GTR�� 
SGD�BNLLTMHSX�G@R�ADDM�@RJHMF�$2.�SN�
DM@AKD�VHCD�jDKC�RODBSQNRBNOHB�RTQUDXR�
@S�DHSGDQ�SGD�+@�2HKK@�NQ�/@Q@M@K�NARDQU@SN�
QHDR
�!DRHCDR�SGD�ENKKNV�TO�NE�$2.�HL@F�
HMF�RTQUDXR��SGD�BNLLTMHSX�@KRN�@MSHBH�
O@SDR�SG@S�VHCD�jDKC�RODBSQNRBNOHB�RTQUDX�
capabilities at ESO will be needed for 
ETSTQD�L@INQ�RO@BD�LHRRHNMR��KHJD�&@H@


ESO invited the community to present 
SGDHQ�HCD@R�@MC�QDPTHQDLDMSR�@S�SGD�VNQJ�
RGNO�f2BHDMBD�VHSG�SGD�5+3�HM�SGD�$+3�
$Q@t��VGDQD�@RSQNMNLDQR�F@SGDQDC�HM�
Garching in September 2007 to discuss 
plans for the second generation instru�
LDMSR�NM�SGD�5+3��,NNQVNNC�������
�
 Following that conference and the 
announcement of VIMOS and  GIRAFFE 
TOFQ@CDR��$2.�R�2BHDMSHjB�@MC�3DBGMHB@K�
Committee (STC) issued the following 
recommendation:

A Short-term Path to Successful Imple-

mentation of Spectroscopic Surveys

With the upgrades of  GIRAFFE and 

 VIMOS, ESO will provide to the ESO com-

munity highly competitive facilities to run 

VHCD�kDKC�RODBSQNRBNOHB�RTQUDXR�@R�D@QKX�

as 2009. These instruments will be unique 

during the next 5 years and will put the 

ESO community in a strong leading posi-

SHNM�HM�SGD�kDKC
�23"�SGDM�QDPTDRSR�SG@S�@�

joint STC-ESO workshop be organised as 

early as possible in order to review the 

RBHDMSHkB�ONSDMSH@K�NE�SGDRD�HMRSQTLDMSR�ENQ�

OTAKHB�VHCD�kDKC�RODBSQNRBNOHB�RTQUDXR�

and to identify potential scientists in the 

ESO community who would lead these 

survey efforts. The workshop would also 

be an opportunity for the community to 

propose new concepts for the next gen-

DQ@SHNM�VHCD�kDKC�HMRSQTLDMSR�NM�$2.�SDK-

escopes consistent with the STC recom-

mendations from STC-67 and STC-68. 

Depending on the outcome of the work-

shop, ESO could then call for Large Pro-

grammes or Public Surveys in order to 

ADFHM�VHCD�kDKC�RODBSQNRBNOHB�RTQUDXR�@R�

soon as the VIMOS upgrade is completed 

successfully.

3GTR��SGD�6HCD�%HDKC�2ODBSQNRBNOHB�
�2TQUDXR�6NQJRGNO�V@R�NQF@MHRDC�@S� 
very short notice so as to be able to 
QDONQS�A@BJ�SN�23"�@S�HSR� OQHK������
LDDSHMF��@MC�RS@QS�SGD�OQNBDRR�SN�DM@AKD�
large spectroscopic surveys as early  
@R�ONRRHAKD
�(M�ROHSD�NE�SGD�RGNQS�MNSHBD��
more than 100 astronomers from all  
NUDQ�$TQNOD�QDFHRSDQDC�ENQ�SGD�VNQJRGNO��
again attesting to the strong interest of 
SGD�BNLLTMHSX�HM�SGD�RTAIDBS
�$@BG�SNOHB�
V@R�SQD@SDC�HM�BNMRHCDQ@AKD�CDOSG��KD@C�
ing to an extremely pleasurable and 
HMENQL@SHUD�RBHDMSHjB�LDDSHMF�HM�ROHSD�NE�
HSR�Q@SGDQ�SDBGMHB@K�A@BJFQNTMC


3GD�BNQD�RBHDMSHjB�QDPTHQDLDMSR�ENQ� 
VHCD�jDKC�RODBSQNRBNOHB�RTQUDXR�VDQD�
already anticipated by the scheduled 
$2.�OTAKHB�RTQUDXR�VHSG�523�@MC�5(23 
�
In fact these core themes had been 
QDUHDVDC�AX�SGD�SVN�$2 l$2.�6NQJHMF�
Groups that focused on optimising the 
ground/space synergies in these core 
SGDLDR��ETMC@LDMS@K�BNRLNKNFX��/D@BNBJ�
DS�@K
��������@MC�ONOTK@SHNMR��BGDLHRSQX�
@MC�CXM@LHBR�NE�SGD�,HKJX�6@X��3TQNM�DS�
@K
�������
�3GDX�VDQD�@KRN�CHRBTRRDC�AX�
SGD� 231.-$3�2BHDMBD�5HRHNM�VNQJHMF�
FQNTOR��RDD�!NCD��"QTY���,NKRSDQ��������
that envisioned an increasing demand for 
VHCD�jDKC�LTKSHOKDW�RODBSQNRBNOHB�E@BHKH�
SHDR�NUDQ�SGD�MDWS�EDV�CDB@CDR


Fundamental cosmology and the high 
redshift Universe

This broad heading encompasses not 
only the quest for the fundamental 
 cosmological constants and related mys�
SDQHDR��RTBG�@R�SGD�M@STQD�NE�C@QJ�L@SSDQ�
@MC�SGD�NQHFHM�NE�BNRLHB�@BBDKDQ@SHNM�� 
ATS�@KRN�SNOHBR�ENBTRDC�NM�SGD�GHFG� 
QDCRGHES�4MHUDQRD��SGD�L@RR�@RRDLAKX�NE�
F@K@WHDR��@MC�SGD�RS@Q�ENQL@SHNM�GHRSNQX� 
NE�SGD�4MHUDQRD


The subject was reviewed by Jordi 
,HQ@KC@�$RBTCD�VGN�CDRBQHADC�SGD�Q@SGDQ�
large number of ongoing or planned sur�
veys to address the current most funda�
mental problem in observational cosmol�
NFX��SGD�M@STQD�NE�C@QJ�DMDQFX
�.MD�NE� 
the best techniques to investigate the 
M@STQD�NE�C@QJ�DMDQFX�HR�SGD�RN�B@KKDC�
Baryon Acoustic Oscillations (BAO � 
@KRN�JMNVM�@R�A@QXNM�VHFFKDR�
�3GDRD�
@QD�kTBST@SHNMR�HM�SGD�F@K@WX�CHRSQHATSHNM�
at large spatial scales imprinted in the 
C@QJ�L@SSDQ�CHRSQHATSHNM�AX�@BNTRSHB�
V@UDR�HM�SGD�D@QKX�4MHUDQRD
�3GHR�SQ@MR�
K@SDR�HMSN�@�OD@J�HM�SGD�F@K@WX�ONVDQ�
RODBSQTL�SG@S�CDjMDR�@�OGXRHB@K�RB@KD�
that can be used as a standard ruler to 
map the geometry of the Universe a 
�ETMBSHNM�NE�QDCRGHES
�3GD�DEEDBS�NE�! .R� 
HR�RGNVM�HM�%HFTQDp��EQNL�SGD�2KN@M� 
#HFHS@K�2JX�2TQUDX��2#22��QDRTKSR�@S�KNV�
redshift that clearly detect the BAO  
OD@J�@S�@�RB@KD�NE�@ANTS����p,OB��EQNL�
$HRDMRSDHM�DS�@K
�������
�3GD�BG@KKDMFD�� 
NE�BNTQRD��HR�SN�CDSDBS�SGHR�OD@J�@S�GHFGDQ�
QDCRGHES
�
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(M�GHR�OQDRDMS@SHNM��3NL�2G@MJR�OQNONRDC�
ENBTRHMF�NM�VHCD�jDKC�RODBSQNRBNOHB�
�RTQUDXR�NE�+XL@M�AQD@J�F@K@WHDR�RDKDBSDC�
from current deep imaging surveys to 
DWOKNQD�SGD�OQNODQSHDR�NE�SGD�! .�OD@J�@S�
zp]p�
�2DUDQ@K�OQDRDMSDQR�RGNVDC�AD@TSHETK�
simulations that clearly illustrate the effect 
of redshift errors in the observation of  
SGD�K@QFD�RB@KD�RSQTBSTQD
�.MD�DW@LOKD��
RGNVM�HM�%HFTQDp���S@JDM�EQNL�SGD�OQDRDM �
S@SHNM�NE�$MQHPTD�&@YS@>@F@��RGNVR�SG@S�HE�
SGD�DQQNQR�@QD�K@QFDQ�SG@M�@ANTS��
����p
pz ) 
the structure is completely washed out;  
SN�LD@RTQD�SGD�RSQTBSTQD��SGDQDENQD��SGD�
redshift accuracy must be better than 
�
�����p
pz �
�6GHKD�SGD�QDPTHQDC�@BBTQ@BX�
can comfortably (but not trivially) be 
@BGHDUDC�VHSG�RODBSQNFQ@OGR��&@YS@>@F@�
claimed that it could also be achieved 
OGNSNLDSQHB@KKX�AX�TRHMF�@ANTS���pHMSDQ �
LDCH@SD�A@MC�HMSDQEDQDMBD�jKSDQR��@R�SGD�
Physics of the Accelerating Universe (PAU) 
OQNIDBS�HR�OK@MMHMF�SN�CN
�!TS�NE�BNTQRD� 
a very large number of spectroscopic red�
shifts will still be required to calibrate the 
OGNSNLDSQHB�DRSHL@SDR


*NMQ@C�*THIJDM�QDUHDVDC�SGD�HL@FHMF�BNR�
mological surveys that are planned with 
SGD�523�@MC�5(23 
�'D�RGNVDC�SG@S�SGD�
fundamental properties of the Universe 
outlined above could be investigated using 
OGNSNLDSQHB�QDCRGHESR�NE���pLHKKHNM�F@K@W �
HDR�RSTCHDC�SGQNTFG�VD@J�KDMRHMF
�3GHR�
QDPTHQDR�@M�@BBTQ@BX�NE����HM�SGD�OGNSN�
LDSQHB�QDCRGHESR
� F@HM�SGHR�QDPTHQDR�@�K@QFD�
number of spectroscopic redshifts to cali�
AQ@SD�SGD�OGNSNLDSQHB�DRSHL@SDR
�%HFTQDp��

EQNL��*THIJDM�R�OQDRDMS@SHNM�RGNVR�SG@S�
VHSG���pLHKKHNM�F@K@WHDR�@MC����QDCRGHESR�HS�
will be possible to extract the BAO signal 
EQNL�SGD�VD@J�KDMRHMF�ONSDMSH@K�RODBSQTL�
illustrating the power of large multicolour 
AQN@CA@MC�HL@FHMF�RTQUDXR


Figure 1.�3GD�K@QFD�RB@KD�QDCRGHES�RO@BD�BNQQDK@SHNM�
ETMBSHNM�NE�SGD�2KN@M�#HFHS@K�2JX�2TQUDX�+TLHMNTR�
1DC�&@K@WX�R@LOKD
�3GD�CHEEDQDMS�KHMD�SXODR�RGNV�
CHEEDQDMS�LNCDKR��HMBKTCHMF�@�OTQD�"NKC�#@QJ�,@SSDQ�
�"#,��LNCDK��H
D
�VHSG�MN�C@QJ�DMDQFX��HM�L@FDMS@��
VGHBG�K@BJR�SGD�@BNTRSHB�OD@J
��%QNL�%HFTQDp���
$HRDMRSDHM�DS�@K
�������


Figure 2. The effect of redshift errors on the obser�
U@SHNM�NE�K@QFD�RB@KD�RSQTBSTQD
� KK�RHFM@K�HR�DQ@RDC�HE�
SGD�DQQNQ�HR�@R�KHSSKD�@R��
����p
pz�
��%QNL�%HFTQDp���
!DMHSDY�DS�@K
�������.

Figure 3. Estimated power 
spectrum in the galaxy distribu�
tion for the KIDS/VIKING sur�
veys for zp�p�
���AK@BJ���zp�p�
��
(blue); and zp�p�
���QDC��A@RDC�
on photometric redshifts accu�
Q@SD�SN����ENQ����LHKKHNM�F@K@W�
HDR
�3GD�ANSSNL�O@MDK�RGNVR�
that with this sample it should 
be possible to detect BAO in 
SGD�VD@J�KDMRHMF�RHFM@KR
�
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Another technique that also allows to  
test the effects of non-standard gravity 
(e.g., braneworlds) was presented by Luigi 
Guzzo in his discussion of the VIMOS 
Public Extragalactic Redshift Survey 
(VIPERS). The idea is to look for distor-
tions in the two-dimensional galaxy cor-
relation function (in the radial and spatial 
directions). This so-called Kaiser effect  
HR�HKKTRSQ@SDC�HM�%HFTQDp��VGDQD�SGD�CHRSNQ-
tions from the VIMOS�VLT Deep Survey 
(VVDS), at a redshift range between 0.6 
and 1, are shown (Guzzo et al., 2008). 
While the distortions are clearly detected, 
the error bars are much too large to dis-
criminate models and, in particular, to  
say anything about alternative theories  
of gravity. Many more galaxies at even 
higher redshifts are required for this cru-
cial distinction.

The nature of star formation, its evolution 
with redshift, the role of environment and 
the intergalactic medium, and the cosmic 
history of galaxies and haloes are the 
most pressing issues that were presented 
by O. Le Fèvre, S. Lilly, A. Renzini and L. 
Tresse. All present-day spectroscopic 
samples suffer from incompleteness, poor 
RO@SH@K�R@LOKHMF��NQ�HMRTEjBHDMS�TMHENQLHSX��
and are still not deep enough to probe 
with enough statistics large volumes of the 
very high redshift Universe and the faintest 
galaxy populations. Beyond redshift ~1.5 
the need for near infrared spectra is 
essential. The presenters were insistent on 
the increasing demand for large subsam-
ples (~105 spectra) in order to unravel 
biases, selection effects, and the different 
physical processes at work. There was a 
consensus that it is of primary importance 
that new surveys move towards very well-
CDjMDC�RODBSQNRBNOHB�RTARDKDBSHNMR�ODQ�
magnitude, colour, and redshift bins, as 
well as towards extremely faint galaxy and 
quasar samples (IABp�p�����@KK�NE�VGHBG�@QD�
within the reach of an upgraded VIMOS.

Putting all these science cases together 
results in the set of instrument require-
LDMSR�RTLL@QHRDC�HM�3@AKDp�


The Galaxy and its neighbourhood

The second day of the workshop started 
with a review by Amina Helmi of the rec-
ommendations of the ESA�ESO Working 
&QNTO�-N
p��NM�&@K@BSHB�/NOTK@SHNMR��

Chemistry, and Dynamics. The focus of 
the report was on the synergy between 
the Gaia mission and ground-based 
observations of the Milky Way, since the 
quality and the sheer volume of the Gaia 
data will revolutionise the study of the Gal-
axy. Gaia will provide astrometric informa-
tion of a complete sample of stars out to 
CHRS@MBDR�NE���pJOB�@MC�VHKK�SGDQDENQD�
allow investigating the properties of the 
major components: thin disc, thick disc, 
Bulge, spiral structure and halo with 
unprecedented depth and accuracy. Gaia 
will thus allow questions such as the initial 
mass function (IMF) of clusters and asso-
ciations, the chemical enrichment history, 
the dynamics of the central region and the 
HMkTDMBD�NE�SGD�BDMSQ@K�AK@BJ�GNKD��@LNMF�
others, to be addressed. The Gaia data 
VHKK�@KRN�DWO@MC�RN�B@KKDC�MD@Q�jDKC�BNR-
mology as it will be possible to map the 
history of mass assembly of the Galaxy 
and in particular to address the problem of 
the missing satellite galaxies predicted by 
the CDM galaxy-formation scenarios.

A serious problem with the exploitation of 
the Gaia data will be the incomplete - 

ness of the radial velocities. Gaia was 
conceived from the beginning as an 
astrometric instrument with the inclusion 
of a multi-colour photometer and an 
onboard low dispersion slitless spec-
SQNFQ@OG
�3GD��
������
��L�SDKDRBNODR�
onboard Gaia allow radial velocities to  
be measured for stars brighter than 
5p�p��pL@F
� S�SG@S�KHLHS�SGD�Q@CH@K�UDKNBHSX�
accuracy will be degraded to about 
��pJL�R��SN�AD�BNLO@QDC�SN�SGD�@RSQN-
metric precision on the transverse veloc-
ity which will be about ten times better  
at that magnitude. In her talk Alejandra 
Recio-Blanco summarised the situation 
as shown in Figure 5 that shows that the 
full exploitation of the Gaia astrometric 
C@S@�ENQ�5p�p��
��L@F�QDPTHQDR�CDDO��GHFG�
resolution spectroscopic surveys from 
the ground. In particular, these ground-
based complementary observations are 
required for the Galactic Halo and the 
Bulge. As several participants pointed 
out, the HERMES survey on the AAT 
planned for 2011+ will likely skim some 
of the cream of the Gaia targets un- 
less something is started at the VLT or 
+@p2HKK@
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Figure 4. Colour-coded 
representation of the galaxy 
correlation function meas-
ured using ~6000 galaxy 
QDCRGHESR�VHSG��
�p�pzp�p�
�
The intensity describes the 
measured degree of corre-
lation as a function of the 
transverse (rp��@MC�Q@CH@K��²��
separation of galaxy pairs. 
The actual measurement is 
replicated over four quad-
rants to show the deviations 
from circular symmetry. 
Galaxy peculiar velocities 
combine with the cosmo-
logical expansion producing 
the distorted pattern when 
the redshift is used as a dis-
tance measure. From Guzzo 
et al. (2008).

Table 1. Technical requirements for 
VHCD�jDKC�BNRLNKNFHB@K�RTQUDXR


Spectral resolution 

Wavelength coverage:

Number of objects

Multiplex

#DOSG��BNMSHMTTL�2�-���l���

Sky coverage

Typical number of nights

Targets

������1�������

����ML�l�
��LHBQNMR

���5 �106

200�1000

��
����(AB�����
�

100�5000 deg2

�����

Faint galaxies; QSOs
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Similar problems to those investigated  
AX�SGD�$2 l$2.�6NQJHMF�&QNTO�ENQ�SGD�
Galaxy can also be studied in the nearby 
CV@QE�R@SDKKHSDR�NE�SGD�,HKJX�6@X��@MC� 
the spectroscopy case was presented 
by Maria Rosa Cioni and Giuseppina 
�!@SS@FKH@�@S�SGD�VNQJRGNO
�%NQ�DW@LOKD��
%HFTQDp��RGNVR�SG@S�SGD�CHRSQHATSHNM�NE�
metallicities in the dwarf satellites of the 
,HKJX�6@X�RDDL�SN�AD�Q@CHB@KKX�CHEEDQDMS�
from the distribution of metallicities in 
SGD�G@KN�NE�SGD�,HKJX�6@X�HSRDKE��VGDM�
RTHS@AKX�RB@KDC�
�3GD�QDBDMSKX�CHRBNUDQDC�
nearby dwarf galaxies with extremely 
low surface brightness have a metallicity 
distribution that is substantially lower 
@F@HM


Janet Drew reviewed the current imag�
HMF�RTQUDXR�NE�SGD�OK@MD�NE�SGD�&@K@WX��
HM�O@QSHBTK@Q�VHSG�4*(13��@MC�SGD�OK@MR�
for Galactic surveys with VST and 
5(23 
�2GD�RGNVDC�SG@S�SGD�VHCD�V@UD�
length coverage afforded by the addi�
tion of the near IR bands to the optical 
V@UDKDMFSGR��OKTR�SGD�TRD�NE�M@QQNV�
A@MC�'α�jKSDQR��RHFMHjB@MSKX�M@QQNV�SGD�

Figure 5. Plot of the number density and 
KNBTR�NE�CHEEDQDMS�BNLONMDMSR�NE�SGD�,HKJX�
Way v
�5�L@FMHSTCD�@MC�DPTHU@KDMS�CHR�
tance for two spectral types as relevant to 
SGD�ENKKNV�TO�NE�RS@QR�EQNL�&@H@
��%QNL�SGD�
OQDRDMS@SHNM�AX�1DBHN�!K@MBN
��3GD�KNBTR�
of some other spectroscopic surveys are 
HMCHB@SDC


Star counts
from the Milky Way
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b > 20

Gaia Astrometry
and BPRP covers
the entire plot!
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ETMBSHNM�HM�SGD�LDS@K�ONNQ�R@SDKKHSDR�NE�NTQ�&@K@WX�HR�
RGNVM�@R�HMCHUHCT@K�ONHMSR�ENQ�CHEEDQDMS�F@K@WHDR
�3GD�
RNKHC�AK@BJ�KHMD�RGNVR�SGD�CHRSQHATSHNM�NE�LDS@KKHBHSHDR�
NE�RS@QR�HM�SGD�,HKJX�6@X�EQNL�SGD�'@LATQFl$2.�
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Proposals for new instruments

(M�@CCHSHNM�SN�S@KJR�BNMBDMSQ@SHMF�NM�SGD�
RBHDMBD�B@RDR�ENQ�@CU@MBDC�VHCD�@MFKD�
RODBSQNRBNOHB�RTQUDXR��RDUDQ@K�S@KJR�OQD�
sented actual proposals for instruments 
SN�DPTHO�SGD�5+3�SDKDRBNODR�VHSG�VHCD�
jDKC�GHFG�LTKSHOKDW�RODBSQNFQ@OGR
�3NL�
2G@MJR�OQDRDMSDC�@�UDQX�HMSDQDRSHMF�BNM�
BDOS�NE�@��pCDF2�jDKC���� ����RKHS�RODB�
SQNFQ@OG�ENQ�5(23 ��VGHBG�BNTKC�RTQUDX�
LNQD�SG@M�������zp�p�
��F@K@WHDR�ODQ�
MHFGS
� CQH@MN�%NMS@M@�CHRBTRRDC�@�BNM�
cept for a 5 deg2�jAQD�RODBSQNFQ@OG�VHSG�
@�LTKSHOKDW�E@BSNQ�NE�������VGHBG�HR�ADHMF�
studied for one of the prime foci of the 
+@QFD�!HMNBTK@Q�3DKDRBNOD��+!3�
�3GHR�
instrument could also be suitable for 
NSGDQ���LDSQD�BK@RR�SDKDRBNODR�RTBG�@R�
SGD�5+3��ATS�HS�VNTKC�CDL@MC�BG@MFDR�NE�
SGD�43�SNO�DMC
�)NRR�!K@MC�'@VSGNQM�
OQDRDMSDC�%(1$! ++��SG@S�VNTKC�TRD�SGD�
.Y/NY�ONRHSHNMDQ�NE�%+ ,$2�SN�EDDC�jUD�
RODBSQNFQ@OGR�VHSG�GDW@ATMCKD�jAQDR�
EQNL���pCDOKNX@AKD�(MSDFQ@K�%HDKC�4MHSR�
�(%4R�
�%Q@MBNHRD�1NPTDR�OQNONRDC�@M�
HMRSQTLDMS�B@KKDC�4+31 /'.3�SG@S�VNTKC�
HMUDRSHF@SD�SGD�SHLD�U@QH@AHKHSX�NE�CHEEDQDMS�
SXODR�NE�RNTQBDR�TRHMF�SGD�%+ ,$2�ONRH�
SHNMDQ�SN�EDDC�TO�SN����pNAIDBSR�SN�@�UDQX�
E@RS�""#�B@LDQ@
�%HM@KKX��,@SS�+DGMDQS�
OQDRDMSDC�RTODQ�&(1 %%$��@�SGHQC�ONRRH�
AKD�TOFQ@CD�NE�%+ ,$2�&(1 %%$��@HLDC�
at expanding the overall multiplex and 
SGQNTFGOTS


Summary
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