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Introduction 

The ESO CES spectrograph operates 
with the 1.4-m CAT telescope or it is fed 
by a fiber link from the Cassegrain focus 
of the 3.6-rn. The spectrograph has two 
main configurations: a Short Camera 
used with the RCA CCD ESO # 9 and 
the Long Camera used with the same 
CCD or with a Reticon detector. In July 
1992, a large-format CCD, a Ford Aero- 
space (now Loral) 2048 x 2048 CCD, 
ESO # 27, wlth a new €SO VME con- 
troller has been mounted and tested at 
the spectrograph and it is likely to re- 
place the Reticon and CCD # 9 from 
now on. The characteristics of this de- 
vice are summarized in Table 1. The 
main scientific, technical and operation- 
al drivers for this change are the 
following: 

(1) The Reticon has so far been kept in 
operation for two main reasons: the 
absence of interference fringes which 
plague the RCA CCD at wavelengths 
longer than -6000 A, thus hampering 
very high SIN ratios in the observations 
and Its length which, being almost the 
double of the RCA detector, allows a 
much broader wavelength coverage per 
frame. The new FORD CCD, a front- 
illuminated device, is much more uni- 
form than the RCA CCD and is twice as 
long, giving the same spectral coverage 
per frame as the Reticon. 

(2) The RCA CCD # 9 presents a 
rather high Read Out Noise (RON) level 
(33 e-/pixel). When coupled with the 
Long Camera, the RON becomes the 
dominant source of noise for many of 
the applicatbns. The Ford CCD has a 
RON of less than 10 e/pixel. 

(3) By introducing a dedicated CCD 
detector for the Long Camera and retir- 
ing the Reticon, €SO expects to simplify 
the camera + detector changes at the 
spectrograph and to improve the relia- 
bility and performance of the systems. 

The CCD belongs to a batch that ESO 
has procured from Ford Aerospace in 
1991. This particular chip has subse- 
quently been lurnigen coated at E l 3  in 
order to enhance its blue response. The 
quantum efficiency curve is shown in 
Figure 1. The 15-prn pixel sine is well 
matched to the spectral and spatial res- 
olution given by the spectrograph. 

Results of the Tests 

The test were performed during 5 
nights in July 1992. 

Tabie 1. FA 2048, UV-Coated ESO CCD # 2f' 

The first check was carried out on the 
spectral resolution. Measurements were 
performed on spectra from the Th-Ar 
calibration lamp taken at different 
wavelengths at a Resolving Power R - 
100,000. The results were quite satis- 
factory: with the exception of the bluest 
-150 pixels (see below) the FWHM of 
the measured lines was uniform within 
0.1 pixel over the whole chip length and 
within 0.04 pixel in the central part. 
These values are typical for the Long 
Camera, compatible with the accuracy 
achievable with the focussing proce- 

Pixel size 
Actlve pixel number 

QE 
Standard oper. temp. 
Standard conv. factor 
Read-out noise 
Dark current 
Capacity 
CTE 
Bias value 
Defects 

Cosmic ray event rate 

dure used and prove that deviation from 
Ratness in the CCD surface and the 
coating do not Introduce significant de- 
gradation of the expected resolution. 

Weather condiions were very poor 
during the test run, except for one 
photometric night which was used for 
absolute efficiency measurements. 
11ese were based on the observations 
of several standard stars (Hamuy et &I. 
1992). To have a direct comparison, the 
same central wavelengths as given in 
the CAT + CES Manual (Lindgren and 
Gilliotte 1989) were chosen. The result- 

15 micron square 
2048 x 2048 
I6 % (350 nm), 34 % (550 nm), 38 % (750 nm), 7 8 (850 nm) 
-165" K 
2.9 e- /ADU 
6 e- RMS 
3 8- /pixelhour 
87000 8- /pixel (3 % devlatlon from linearity) 
2 ,99997 
-276 

A number of warm and dark columns, but most of them 
outslde the central 500 columns oi the CCD 
1 event/min/cm2 

Used at the CES with Ihe Long Camera. 

Figure 1 : Responsive quantum efficiency of the CCD # 27. 
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Table 2. Effidmcy of the CdT + CES + Long 
-+ m g 2 7  

Wavelength IA) 

,3.B % 
6450 4.6 % 
rn 22  % 

We expect that the advantages of us- 
ing Ule Ford CCD will be e m  more 
conspicuous when the CES Is coupled 
with the 3.6-m telescope fibre Itnk 
(D'Odorico et al. 1989): in this case R 
fact the spectrum is spread over a much 
larger number of phtels (typically 220 
with the 1 1 slice image dicer), therefore 
the lower RON of the Ford CCD be- 
comes even mom important. 

The second advantage of this new 
mnfigumtian Is the absence of fringes, 
evm at vety red wavelengths; in Figure 
4, d flve-minute normalized W r n  of 
the standard star HR 718 Is shown fn the 
region around 8092 A. This spactrum 
has not b m  flat field corrected and the 
variations in the continuum are of h 
order of 0.9 % or less. 
tast but not least, in evaluating the 

Instrumental peflormances, we have to 

12 10 8 
consider that almost the doubie of the 

6 spectral covwag~ is obbaind in ww 
Magnitude frame; this feature is very ~mportant not 

only when the simultaneous absmation 
Figure 2: Expmted W d m  ws a function of sfeltar magnfiude and infegmtiPn t h .  An d w e r a l  llncts is required, but dsa in 
eiti5emy of d B  % at 6450 A is assum&. No slit b s w  were applied Id the * o m ~ u f a f ~ .  th~ge cases where broad l ins are ob- 

w e d  and a large coverage is essential 
to determine the continuum level. 

lryr Mciendes given In Table 2 are in 
vmy good qreement with what b ex- 
pectd from the ratio of the Ford and 
RCA CCD quantum fl~lencies, 

The new conflguratlan has a lower 
overall ePficlency but in order to evaluate 
the iwtwrnent mrformmce, all the 
chmcten*~tic~ Of the detector mud be 
Wen in amount; in particular its RON 
and Dark Current level. This is partiw- 
lady important in the CES Long Camera, 
where the spectrum is spread In the 
spatlal dlredlon over a conslderable 
number of plxels (typic811y a), Wrth only 
8 e-/pix RON (compared wjth the 33 e-/ 
pix of the RCA) the advantage of using 
the Ford with respect t0 the R W  CCD 
becomes prominent, at [east for all 
f hose observations requiring intermedi- 
ate to high S/N ratios, Figure 2 show 
the expected WM ratios as a function of 
integration time and stellar magnNudes. 
To compute thwn the same formula 
used In the CIS manual was adopted: 

3900 x hT10-"b' m= 
(3800 x N,TIUMh-* + (VVb-' NJZ 

where N, Is the number of detected e-/ 
slhbin for a star of magnttude m,,, T is 
the integration time in hwrs, W is the 
width of the spectrum In pixels, H, ts the 
RON, b the binning factor perpendicular 
to the dipmion, and D the dark current 
In e-ipkhwr. The points En Figure 2 
w w  computed assuming the Ford 
charadetistici; as given In Table 1 and 
an overall efficiency of 446%. Atthough 
these numbew must be taken only as 
indicattw (slit losses were not consid- 
ered), a, direct comparison with the per- 
fmances of the CAT + CES and RCA 
CCD can be perfomad. The two almost 
constant lines in Figure 2 limit the loci of 
equal pedonances between the old 
and new configuration, both for un- 
binned (continuws lin4 and binned 
(dashed line) CCD's. For observations 
requiting S/N ratlos lower than -260 in 
unMnnad mode and -130 with a bin- 
ning of 2, fhe use of the Ford is more 
convenient, 

As a scientific applica€ion, in Figure 3, 
a 1-hour Ha spectrum of the recurrent 
nova V745 Sco Is &own. Thii object 
has a vlsual magnitude of 15.9 and an R 
magnitude of 13.8, as measured from 
absolute cailbrated EFOSC spectra. The 
CES spectrum in Flgure 3 shows that a 
WN of - 5 is reached in the ctmnthuurn 
close to the Ha line. 

Considetbg dl the pwous points It 
may therefore be advisable to use the 
tong Camera and the Ford detector 
l$o  for absewatlons at red wavehgths 
and at lower resolution, for which the 
Short Camera is now used 0.9. R - 
59000). On-chip binning and the ab- 
sence d fringes will compensate in 
many types of observations the lower 
effickcies of the Ford CCD and of the 
long Camera. 

Advice to the Users 
Considering the results obtained from 

this test, fSO will normally offer from 
now on the Ford CCD on the Long Cam- 
era as a standard wmblnatition. fhls im- 
pies that the use of both the Reticon 



and the RCA # 9 at the same camera 
will be discontinued and that the RCA 
CCD will be permanently mounted on 
the CES Short Camera. 

We regard this as an optimum com- 
promise between scientific perfor- 
mances and the severe operational and 
maintenance constraints of the observa- 
twy. 

Users must however be cautioned 
that this new configuration has not yet 
k e n  extensively debugged In the next 
months, their feedback on the as- 
tronomical performance and any gener- 
d wrnrnents wltl be much appreciated. 

Some problems have already been 
identifled and are baing Investigated. 
Namely: 

(1) Some vignetting Is present at the 
blue edge of the specha and this makes 

Rgure 3: A Smmute, nomalked s m  of fhe standard star HFI 718 centred at 8090 4, Mo 
tlat-Tdd mmction has been applied. Note the absence d inttwf#nce fringes. 

the first -- 150 rows of little use. Vignet- Ford shows this problem much more 
ting was present at a lower level in the clearly. 
Reticon spsctra: the larger format of the (2) In order to reach t b  predicted per- 
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New CCD Cryostat for EFOSC2 

farmance of the new set-up, it is essen- 
tial to operate the CCD in an optimal 
way, In particular with ward to the RON 
and the dark current. Durlng the tests. 
the level of the dark current was some 
what higher than expected and the on- 
chip binning introduced variable 
patterns in the background at a level 
higher than the measured RON. Both of 
these problems have already be8n ob- 
sewed in the past with other CCDs, but 
they are transient in nature and hence 
not easlly debuggd. A careful monitw- 
Ing of these CCD parameters by the 
scientific users is recommended and It 
wlll be useful to optimize the CCD per- 
formance. 
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At the time of the transfer of EFOSC2 fit from the existing calibration and guid- declination drive freedom to 63" in the 
from the to the 2.2-rn telescope the ing facilities. south. The Intention was to replace the 
instrument set-up had to be revised. The mounting extention with the large IR Lab cryostat with a shorter LN2 con- 
The plan was to interface it to the 2.2-m format CCD cryostat at the bottom of tainer. But the hold time of such a small 
rotator-adapter (DISCO) in order to pro- the instrument, however, restricted the dewar presented a severe limitation. 
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Rgure 4: A f-hour Ha spectrum of the m m t  nova V745 Soo. fhe S/hr Is - 5 in the 
continuum, 


