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Spectroscopic study of high redshift quasars
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Abstract. We obtained optical spectra of four quasarable 1.coordinates, apparent brightness, and redshift of the obser
with 3<z<4 and SDSSpJ033829.31+002156.3 with5.0 quasars. The apparent brightness was taken fréroiCetty & \eron
with FORS1 at the VLT UT1 Antu. To estimate the(1991) with the exception of SDSSpJ033829.31+002156.3, quo
relative abundances of the line emitting gas we us&§)338.+0021inthefollowing.The given brightness for this quasar
the line ratios NV1240/CIV1549, NV1240/Hell1640, andS Provided by Fan etal.(1999).

OVI1034/Hell1640 as suggested by Hamann & Ferland-
(1992, 1999). Based on chemical evolutionary models we Q&iect @2000.0 92000.0 My z
timate a metallicity of 27Z, for the quasars witle~3 QO0044-273 0047 10.8 —270441 203 3.16
within the framework of the rapid star formation scenario. Evep0046-282  004924.4 —275902 19.7 3.83
Q0338+0021 indicates a comparable high relative abundarigd103-294 ~ 010602.8 —290859 20.2 3.11

Qur results provide support for supersolar metallicities at VegplOB-ZGO 0106043 —254653 188 3.36
high redshifts of~5. 0338+0021 033829.3 +002156 21.7 5.00

Key words: cosmology: early Univers

S e - galaxies: quasargave been based on quasars with redshifts bete8vand only
emission lines

relatively little data exist for higher redshifted QSOs. Therefor
we measured new emission line flux values for 5 quasars w
redshifts between 3.1 and 5.0 which had been observed (for

1. Introduction strumental test purposes) during the commissioning phase,
the FORS 1 instrument at the ESO VLT.

Spectroscopic studies of quasars at high redshif8] indicate
metallicities of the emission line gas enhanced by up to one order
of magnitude compared to solar values (cf. Hamann & Ferla@d Observations

1992; Osmer et al. .1994; Ferl_a_n_d et al. 1996; Hamann & F rfl observations were carried out with FORS 1 at the VLT uni
land 1999). These high metallicities must have been cause Js

. . scope Antu in September, October, and December 1998
early violent star formation events. As shown by the authors : . . S
. . T ing the long-slit spectroscopic mode. Since the objective of t
mentioned above, comparisons of quasar emission line qux% . T .
observations was to check and derive instrumental functio

with chemical evolution models provide a powerful tool to con- : . L
: . . . . a}nd parameters, very different observational conditions and r
strain the formation and evolution of massive stars in the ear

universe. Particularly informative are the abundance ratios Ofaﬁvely sh(_)rt exposure t_|mes were used. Some of the spe
were obtained during bright moonlight. The spectra of Q004

illf(r;‘sgt; (Sn:;nzir?&%el\rﬂlgagqg gsg_clgg:ijsge?aelmlegn;z,(;Z;Bﬁwere taken close to the full moon, resulting in a rather lo
9. ’ ' ’ SIN in the blue spectral range (cf. Figs. 1,2). Table 1 lists t

1999). A summary of this work can be found in a recent rENiewoordinates redshifts, and apparent brightness of the obser
by Hamann & Ferland (1999). However, most of these resuga ! ' PP 9

asars.
Send offprint requests 1. Dietrich The observing dates, grisms (cf. FORS users gui
(mdietric@Ilsw.uni-heidelberg.de) http://www.eso.org/instruments/fors1/), integration times, a

* Based on observations with the VLT-UT1 operated on Cer@lit widths are listed in Table 2. The wavelength calibratio
Paranal (Chile) by the European Southern Observatory was carried out using HeHgCd lamps. The spectral resoluti
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Table 2.0bs.log of the high-redshift quasars which were observed wi rrorrrrrrrrrrr e e e e

FORS1

object

date

Ul—tart

ting
[sec]

grism

slit
width

Q0044-273

Oct., 04
Oct., 04

06 41 23
06 59 39

900
1800

1501
600B

a
‘Q

Q0046-282

Sep., 22
Sep., 22

08 43 40
08 56 28

600
600

1501
1501

70
"D

Q0103-294

Sep., 25
Sep., 25
Sep., 25

025948
031731
033732

900
900
1200

1501
1501
600B

1170
g
"D

Q0103-260

Sep., 24
Sep., 24
Sep., 24
Dec., 16
Dec., 19
Dec., 26

071421
073318
07 4753
0405 24
04 00 59
015302

900
900
1800
1800
1800
1800

1501
1501
600B
600B
600B
600B

701
a
‘a
"9
9
"0

Q0338+0021

Dec. 26

Dec. 26

031116
034312

1800
1800

3001
3001

701
]

flux

flux
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0.00
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Q0044-273

§

4

o +
— =

03-260

Q
0.40 - -

A/AMX ranged between about 400 (Grism 15010 Klit), and %
about 2000 (Grism 600B,”@ slit). For flux calibrations the 2 S -
standard star LTT 9491 was observed with the same grisms. 0.20 - ]
the atmospheric extinction correction we used - in the abset
of suitable mean data for Paranal - the standard extinction cu L i
of La Silla (Schwarz & Melnick 1993). 0.00
For the four3 < z < 4 quasars no removal of the atmo-
spheric absorption features was attempted. Therefore, the str
atmospheric A and B bands @7600A and~6900A) and are
clearly visible (Fig.1). In some cases the outer wings of tt,,
broad emission lines are affected by telluric absorptions. Ho 2
ever, this had little influence on our measurements. In the ci
of Q0338+0021 we used a standard star spectrum to rem
the atmospheric absorption features. The strong atmosph
absorption between 93@0and 98003 (affecting the red wing
of the CIV resonance line) was apparently not fully correcte
(Fig. 3). The redshifted Hell 1640 line is just beyond this regic
of strong atmospheric absorption, but its S/N is low, as this line
falls close to the CCD’s red sensitivity cutoff. Fig. 1. The spectra of th8 < z < 4 quasars which were talfenlwith
Since all objects have high galactic latitudes, no correctiogésm 1501. The flux is given in units of [T0° ergs™ cm™A"].
for interstellar extinction were applied. In each case a power law continuum fit_ has _been included. The corre-
The 2D longslit spectra were reduced and analysed usfiRgnding spectral index, F, ~ =%, is listed in Table 3.
standard MIDAS software. Individual spectra taken with the
same settmg; were averaged to improve the S|gnal-to-n0|se3;_a|-:eesults and discussion
tio. The resulting mean quasar spectra in the wavelength ranges
of the three grisms are displayed in Figs. 1 to 3. Line flux valu&fe observed emission line fluxes are listed in Table 3. Also
were measured by integrating over the line profiles. Since mgsten in Table 3 are the observed NV/CIV, NV/Hell, OIV/CIV
of the emission lines in our spectra are blended, we first dimd Lya/CIV flux ratios, which are used to estimate metallic-
convolved the blends assuming similar line profiles for all higkies and the enrichment history of the emission line gas (see
ionization metal lines. As template line profile we used the ap-g. Hamann & Ferland 1999). Particularly important are the
parently least blended strong line of CIV1549. In Q0338-0024tios involving they elements synthesized in SN Type Il explo-
we used SilV/OIV1402 as a template (and for deriving the redions of short-lived massive stars vs. the more slowly evolving
shift) since the red wing of C IV is affected by (atmospheric®econdary element abundances such as nitrogen. We used the
absorption. emission line ratios of NV1240/CIV1549, NV1240/Hell1640,

-
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Table 3. The measured emission-line flux of the quasars

line Fobs [10" P ergst cm™2]
Q0044-273 Q0046-282 Q0103-294 (Q0103-260 Q0338+0021
OVv11034 1.14+0.20 2.2#0.21 - 8.3:2.00 -

Lyal1215 10.4&0.50 19.9&1.00 12.0&1.00 38.9:1.20 5.06t1.00
NV 1240 3.35:0.50 7.6@1.00 3.80.40 8.330.70 1.610.16
011304 0.34:0.08 0.76:0.10 - 3.6:0.20 0.13:0.04
ClI1335 - 0.8@:0.10 - 1.8:0.30 0.24£0.06
SilvV1402 1.32:0.10 2.88:0.15 1.44:0.30 6.10.30 0.620.05
Clv 1548 8.16:t0.30  4.89:0.10 10.64-0.30 14.6-0.90 1.7@:0.34
Hell 1640 1.6%0.40 0.73:0.15 1.13:0.20 2.06:0.30 0.36t0.15

Olll] 1663 0.29+0.06 — 0.8:0.20 1.16:0.30 -
NIl 1750 - - 0.38: — -
FellUV191 - - 0.21: 0.840.20 -
Allll 1859 - — - 1.23+0.30 -
Clll} 1909 0.99+0.06 1.63: 2.880.40 6.6£0.40 -
«@ 0.56 0.13 1.21 0.34 -
B T T 1 T T T T 1 T T T T i [ T T | T T T T | T T T T | T T T T | 1]
[ Q0044-273 ] 5 [ SDSSpJ0338+0021 i
020 & E : g :3 & I S
B ] N « S ® - ] = .
" X ] 4F §s =S = 2 2 3 3
5 B a N - Z [<IN*) n (3] = ]
= onr - : N 3
: 1 5% E
0.00 |- 2 b =
- 1 1 . - .
0.15 - Q0103-294 . e E
B i 0 | -
X 0.10 1~ E 7000 8000 9000 10000
= C ] wavelength [A]
0.05 - 1 Fig. 3. Spectrum of SDSSp J033829.8002156.3. The flux is given
C 1 inunitsof [1007ergs 't cm 2A™ ']
0.00 [ -
B T | T T T T | T T T T i
i Q0103-260 1 tentrange for the metallicity only for the rapid star formatio
0.40 - model. The estimated line ratios for the four quasars wit8
x -4 are given in Table 4. Although the scatter of the measureme
3 1 is large, a supersolar metallicity obZ7 Z, is indicated with
~ 020 _| anuncertainty o5 Z,. This demonstrates that the metallicit
4 of the line emitting gas of QSOs does not change significan
1 out to a redshift ofz~5. Assuming,;=0.3, 2,=0.7 (for a
0.00 L ‘] flat universe — Carlberg et al. 1999; Perlmutter et al. 1999), a

H,=65kms ! Mpc—! such aredshift af=5 corresponds to an
age ofxs 1 Gyr (Carrol, Press, & Turner 1992). Our NV/CIV
and NV/Hell ratios fall into the range observed for other hig
Fig. 2. The spectra of thé < z < 4 quasars which were taken withredshift quasars (Fig. 7 of Hamann & Ferland 1999) and fit w
grism 600 B. The flux is given in units of [10%ergs > cm™2A""]  the “Giant Elliptical” nitrogen enrichment model of the quas
matter. Based on those evolutionary models the decrease of
relative nitrogen abundance expected for very high redshi
and OVI1034/Hell1640 to estimate the relative abundance of theems not to occur evenza- 5.
line emitting gas. Comparison with Fig. 6 of Hamann & Ferland Two of the quasars in our sample (Q0046-282 a
(1999) indicates that the measured line ratios provide a consg338+0021) show broad absorption features (BALS) in th

4000 5000
wavelength [R]
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Table 4. The derived relative abundance of the line emitting gas. Theknowledgementsae would like to express sincere thanks to the
estimates based on the the rapid star formation model to describedtadf of the Paranal observatory for the efficient and friendly support

chemical enrichment of the gas. of the FORS commissioning team. We would also like to thank

- Michael Strauss and Xiaohui Fan (Princeton University Observatory)
object NVICIV__ NV/Hell OVI/Hell for providing the coordinates of SDSSpJ033829.31+002156.3 and
Q0044-273 8.1 2.2 3.9 useful comments for this letter. This work was supported by the
Q0046-282 175 7.1 155 German Science Foundation (Deutsche Forschungsgemeinschatft,
Q0103-294 7.1 3.2 - projects SFB 328 and SFB 439) and by the German Federal Ministry
Q0103-260 10.3 3.7 14.5 for Education and Research (grants nos. 053HD50A, 053GO10A, and
Q0338+0021 13.0 4.6 - 053MU104).

spectra. In Q0046-282 the broad absorption are clearly vis-

ible at the CIV, Lyy, OVI1034, and Ly lines. In the case References

of Q0338+0021 CIV1549 seems to has highly blueshifteghriberg, R.G., Yee, H.K.C., Morris, S.L., et al. 1999, ApJ, 516, 552
BAL components with §f,, ~-12000kms! and \}| .. ~- cCarroll, S.M. & Press, W.H. 1992, Ann.Rev.Astron.Astrophys., 30, 499
18000 km st (Fig. 3). The absorption feature | is also visible ifFan, X., Strauss, M.A., Schneider, D.P., Gunn, J.E., Lupton, R.H., et
the discovery spectrum of Fan et al. (1999) as well as the narrow al. 1999, AJ, 118, 1

absorption lines (&ue)_ The strength of the strong CIV absorp¥erland, G.J., Baldwin, J.A., Korista, K.T., et al. 1996, ApJ, 461, 683
tion (v.,,.) in this object might indicate that the metallicity offamann, F. & Ferland G.J. 1992, ApJ, 391, L53

the BAL gas is of the same order as for the BEL. Hence, boffdmann, F. & Ferland, G.J. 1993, ApJ, 418, 11

BEL and BAL material, point towards supersolar abundance'é'fimaé‘:s' F. & Ferland, G.J. 1999, Ann.Rev.Astron.Astrophys., 37, in

. . pr
For Q0103-260 we found deep absorption features 0
. ) . ) ta, K.T.,H JF.,F ,J. &Ferland, G.J. 1996, ApJ, 461,
the Lya and CIV1549 emission line profile (Figs.1,2). The on24a1 amann erguson erian P

) L - 1 : .
velocity offset was measured toj' ~100kms™' and origta, K.T., Baldwin, J.A., Ferland, G.J., & Verner, D. 1997, ApJS,
vElV ~=760kms!. Although both absorption lines show a 108 401

abs
similar width of FWHM=~ 1200 km s'! the velocity shift to the Osmer, P.S., Porter, A.C., & Green, R.F. 1994, ApJ, 436, 678
red is different. Perimutter, S., Aldering, G., Goldhaber, G., et al. 1999, ApJ, 517, 565
At least two of the observed objects (Q0103-260 arRkttini, M. 1999, in Proc of ESO Workshop on ‘Chemical Evolution
Q0338+0021) show narrow metallic absorption lines in their from Zero to High Redshift’, eds. J. Walsh and M. Rosa, Springer,
spectra (Figs. 2,3). Moreover, Q0103-260 has a very rich Lyman N Press _
forest spectrum. Hence, these two quasars are prime candidafé¥/arz, H.E. & Melnick, J. 1993, The ESO Users Manual, p.24
for further studies with higher spectral resolution to derive the
nature and physical properties of the intervening absorbing mat-
ter.
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