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Abstract. The spatial distribution of the Ly forest is studied is to observe multiple lines of sight to quasars with small ang
using new HST data for the quasar pair Q 1026-0045 A andd@ separations on the sky and search the spectra for absorpt
atz., =1.438 and 1.520 respectively. The angular separatiorci@ncident in redshift.
36 arcsec and corresponds to transverse linear separations beFhis technigue originated with a suggestion by Oort (198
tween lines of sight ofvsomgol kpc (g, = 0.5) over the redshift to test the possibility that the kyforest clouds originate in large
range 0.833%k z < 1.438. From the observed numbers of cgpancake structures. The first discoveries of common and ass
incident and anti-coincident lyabsorption lines, we concludeated absorption using pairs of distinct quasars (with separati
that, at this redshift, the Ly structures have typical dimensions~ 1 arcmin) were made by Shaver et al. (1982) and Sha
of ~500‘z5‘01 kpc, larger than the mean separation of the tw& Robertson (1983). These already indicated the possible e
lines of sight. The velocity differencé\V/, between coincident tence of very large absorber sizes (hundreds of kpc), even for
lines is surprisingly small (4 and 8 pairs withl” < 50 and Ly« clouds. At about the same time Sargent et al. (1982) fou
200 km s7! respectively). no detectable tendency for &ylines to correlate in QSO pairs

Metal line systems are presentzat, = 1.2651 and 1.2969 separated by a few arcmin. Spectra of pairs of gravitational |
inA, z.ps =0.6320,0.7090, 1.2651 and 1.4844 in B. In additicimages revealed common absorptions on smaller scales (
we tentatively identify a weak Mg system at,,s = 0.11 in - man & Foltz 1983, Foltz et al. 1984). The idea thatdglouds
B. It is remarkable that the,;,s = 1.2651 system is common tomight have large sizes remained controversial untill the anal
both lines of sight. The system af,s = 1.4844 has strong @ sis by Smette et al. (1992), later confirmed by Dinshaw et
absorption. (1994), Bechtold et al. (1994), Crotts et al. (1994), Bechtold

There is a metal-poor associated system,gt = 1.4420 Yee (1994), Smette et al. (1995), D'Odorico et al. (1998).
along the line of sight to A with complex velocity profile. We  Recently, Dinshaw et al. (1995) derived a radius of/330
detect a strong Ly absorption along the line of sight to B redkpc atz ~ 0.7 for spherical clouds from observation of Q0107
shifted by only 300 kms! relatively to the associated system0232 and Q0107-0235 separated by 86 arcsec. Larger s
It is tempting to interpret this as the presence of a disk of raditations have been investigated by Crotts & Fang (1997) a
larger than 305)g01 kpc surrounding quasar A. Williger et al. (1997). Both studies conclude that the clou
i g . . _should be correlated on scales larger than 500 kpc.
:<Se|\% Vé?lr;jsséfg};issa:)rrsbt;ggI;i/:\deusaléigaiizse' h?a?: SAB, galaxies. Here we present observations of Q1026—-00%4A € 184

’ ) ! ) Zem = 1.438) and B, = 18.5, z,,, = 1.520), two distinct
quasars separated on the sky by 36 arcsec orh%QOkpc
((JO = 05) atz ~ 1.

1. Introduction

One way to probe the transverse extension of the gaseous studbservations
tures giving rise to the Ly forest seen in the spectrum of quasarfpe observations were carried out on the Hubble Space T

Send offprint requests to: Patrick Petitiean (petitiean@iap.fr) scope using the Faint Object Spectrograph with the G270H gr
* Based on observations obtained with the NASA/EBabble INg over the wavelength range 2250-3250for a resolution
Space Telescope by the Space Telescope Science Institute, which @& 1.92 A FWHM. A total of 5300 s integration time was ac-
operated by AURA, Inc., under NASA contract NAS 5-26555 cumulated on both quasars. The data were calibrated using
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n'g
E standard pipeline reduction techniques. The zero point of thable 1.Line list
E wavelength scale was determined requiring that Galactic inter- SR S
| stellar absorptions occur at rest. Most of the lines are weak or T 2 M ui}fs Tdent. p (a)
blended except MgA2803; the error on the wavelength deter= R T
mination should be smaller than Ahowever. The spectraare , w15 G oo
shown in Fig. 1, the line—lists are given in Table 1. The position] 2% 021 s = 058 <045 v/ufu
i 1 1 1 0.60 2 2274.68 0.67 Silv1393 0.6320
qf gbsorptlor) featureg are determlned by gaussian fits. Lower < dopmas 0or o Sivies 0o
limits on equivalent widths of Ly lines are at the@level. The <065 4omea 0% Ly 08 ufuju
mean signal to noise ratio is 15 varying from 10 in the very blue s 03 s g TTR0a Ly L4843
to 20 on top of the emission lines. 6 2mast 198 I:_\yﬁ 12653 6 232365 073 LyB 1.2654
p
<0.40 7 2330.03 1.22 Lya 0.9166 u/u/u
Lye 1.4846
3 Resu|ts 7 2338.16 1.32 LyB 1.2802 8  2337.93 0.50 Ls'a 0.9231 u/u/u
. 9 2344.34 0.50 Fell2344 0.0000
8 235548 1.95 LyB 1.2964
. v 10 2359.85 0.96 Lyé 1.4847
3.1. Themetal line systems 9 236892 128  Lya 09486 11 236897 119  Lya 09486  C/C/C
10 2375.03  2.08 Lyy 1.4405 12 2376.05 1.51 Lyy 1.4438
Metal line systems are presentat, = 1.2651 and 1.2969 in AN Do 0w ujefu
— H 11 2380.26 0.77 CIT1036 1.2968
A, zaps = 0.11, 0.6320, 0.7090, 1.2651 and 1.4844 in B. 12 2382.07 0.00  Fell2382 00000 13 238295 152 Fell2382  0.0000
- H i 7092
In A, the system atz%bs = 1.2651 is c_ietected by Strong ,; .ume 15 1y 0683 gy VIS 009 WA
H1AA1025,1215 absorptions and has ax\8iA1393,1402 dou- o U pve OB
blet associated. There are strongXA1025,1215 absorptions P A A
at the same redshift along the line of sight to B. The fact that the o I8 a0 0 Clllerr s N
R 2 . . yo ! u u
positions of the H absorptions in A and B are nearly identical 1 200 07 Ly Lo153 <0.8 uju
2454.0: 0.34 L 1.0186 20 2454.32 0.63 Ly 1.0189
(/\2753 67 and\2753. 74A for Ly o respectlvely) argues for the 16 245847 0.61 Lﬁ L3 2 ames 030 Nllloko 1.4840 A?A;ﬁ
2474.3: .2, L . 22 2475. . Ly .
two absorptions being produced by the same object. If true the ™% *® B M o e S o
transverse dimension is larger than the 3LQKpc separation 15 s 150 1as  rees o on M e 10542 C/A/A
between the two lines of sight. The system.at, = 1.2969 has 0 #0010 b T T L0t wjuf
strong HI (w,(Lya) = 2.9A), C 11, C11, O1, N 111, Si1r, Sir, <038 womNAL L8 lye LR Afuf
I 1 28 2531.03  0.46 CIV1550 0.6321
SI v absorptlons 29 2548.25 1.22 LyB 1.4844
In B, both z,;,s = 0.6320 and 0.7090 systems have strong 30 256370 0.84  OVIOSL  L4s4d
. . 1 2568.5: 0.38 Lya 1.1128 <0.28 u/u/u
SinA1526, Fail1608, AliuA1670 and GvA1550 absorptions. = wm2 10 Ly 11183 31 257537 082 Lyo 11184 C/C/A

. . 32 25775 059 OVIIO3T 14841
As said beforetheabS:1.2651 system Is common toAand B. 2 635 o050 Femasss 00000 33 2587.0: 042 Fell2586 0,000

The presence of metals is revealed only by8455.87 feature > " 0 00 o o S ofr
that we identify as SivA1393. The associated Si\ 1402 line S S S e
is not detected but could be lost in the noise. The strong system 035 B s o Lel i
at zaps = 1.4842 shows Nii, Cuit, Sitirand possibly Ovi 00 e e T e e
associated absorptions.\@absorption seems to be detected in, .~ -~ fee o Ao
most of the low and intermediate redshift systems (Bergeron et 27 DT SHIO LN e L L
.32 2745.2¢ NG yo 2582 Aju
al. 1994, Vogel & Reimers 1995, Burles & Tytler 1996) and has : @2 s 0o Felloos oross
2753.67  2.42 L 1.2651 43  2753.74 1.50 1.2651 o
been observed in a few high redshift Lyman limit systems (Kirkas amor 510 Simaos  1aors "
man & Tytler 1997). Although the velocity difference with the s sus 660 1y 12869 <0.36 M
quasar is larger than 4000 km's there is a possiblility thatthe 5 ii 110 s oo s owssi 0o b o
system is associated with the quasar. In addition we tentatively s o7 e the s mes on 1 e e
35 2849.12  0.80 Ly 1.3436 0.24 A/A
identify a weak (s, ~ 0.38) Mg 11 system at,,, = 0.11 in B. v o s A en omss A
Mg 1112803 is possibly blended with &'A\1548 of a possible ¢ w50 L5 Jmao e
weak Civ system at,p,s = 1.0106. 38 206645 097  Lya 14401

39  2968.69 1.42 Lya 1.4420 48 2971.09 1.30 Lya 1.4439
40 2991.08 0.30 OI1302 1.2970
41 2995.36  0.66 Sill1304 1.2964

49 299747 0.66 SillT1206 1.4844

3.2. The associated systemin A and the proximity effect 50 200806 040 Lya L4743
AIIII1854: 0.6219

There is a strong associated system detected in A byiitsyld FE O L i
and Ly5 absorptions. Two components are seenat=1.4401  * o 0% B0 st s Mgmes o
and 1.4420 withuv,(Lya) = 0.58 and 0.4@\ respectively. The BUBIT 030 Mgliases 01104
two components anedshifted relative to the QSO by 260 and ) 55 31800 0.20:  CIVISH0? L0106
1 43 3156.92  0.32 SilV1393 1.2650 56  3155.87 0.57 SilV13937 1.2643

490 km s*. Since the true redshift of the quasar is poorIy 57 316343 044 AITITISSE 07083

3177.14  0.24 SilV1402 1.2649
known, these values are very uncertain. We do not detect amy s0L42 062 SUVIS3 12070

metal lines in the system. The @ lines havew, < 0.204; 22505 S 120

the C1v lines are redshifted outside the Wavelength range df) Coincidences are marked by a ”C”, anti-coincidences by a "A” and ambiguous cases by a
w for w, >0.2,0.3 and 0.6 A.

the data. Interestingly enough, there is a&bsorption system - A colon means uncertain value or identification
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at zaps = 1.4439 along the line of sight to Q 1026-0045B. Thef =~ s 10 5 0]

velocity difference between this system and thg, = 1.4420 ]

in Ais about 230 km s* only. N}
It is unlikely that thez,ps ~ zem System is intrinsically ¢

associated with the central AGN. Such systems usually hay

high metal content and are expected to exhibit strong énd

N v absorptions (Petitjean et al. 1994, Hamann 1997), absg_ht ‘

@
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L
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from the spectra of Q1026—084A & B. The three absorptions © T om0 00

are thus part of an object or group of objects which transversal Wavelength (A)

dimension exceeds the 30 kpc separation betweenthetwo F——————————1 17
lines of sight. S 50 35 40 ]

The absence of metals in the system associated with A, OQQWMWWWWW
the observed wavelength range, suggests an intergalactic origin. ]
The higher velocity of the gas along the line of sight to B argues
against the simple picture in which the gas would be collapsimwaWWWWwwwwMA
toward A. In that case, we would expect the gas along the line of

sight to B to have a projected velocity smaller than the velocigg—+—————F——————

D e 2500 2600 2700
of the gas just in front of A. A model where the gas would be Wavelength (A)
part of a rotating disk can be accomodated if the component ‘ ‘
atz = 1.4420 is at the same redshift as the quasar. In this case 45 ]

however one could wonder why the gas is metal deficient. of|| | T | R

The relative equivalent widths of the hydrogen lines in t@fWWW%WMWwWWi
Lyman series of the system af,s = 1.4842 toward B are in- [ 1
dicative of H1 column densities in excess of #0cm=2. The 2} ]
presence of strong metal lines suggests that the gas is assaei
ated with the halo of a galaxy. Very deep imaging in this fieldt “, v, ‘/ , ., . . . [ | |
to search for any enhanced density of objects would help To 2800 2900 3000
understand the nature of these intriguing systems. Wovelength (4)

There are only two systems in both lines of sight fromf_ " ", T .~ "~ T~ T T T
2=1.3436t0 1.520, the associated system in A (and its countey ]
part in B) and the metal systemat 1.4842 in B. The number <0
of lines withw, > 0.24A expected in this redshift range is-2
(Bahcall et al. 1996). It is probable that we see the effect of

f | T ]
the enhanced photo-ionizing field due to the proximity of ther ]
quasars. of | . ]

$00 3100 3200
Wavelength (A)

3.3. The Ly« forest

— Fig. 1. Spectra of Q1026-0045 A (bottom) and B (top). Flux is give
3.3.1. The line-lists in units of 10°'® erg/s/cm 2/A. The spectrum of B has been shifted
Table 1 lists all the absorption features detected atdHex&l in by 8.5 in the same units. Line identification can be found in Table 1
the spectra. Identification of kylines is sometimes uncertain
due to blending with lines from the numerous metal line systems.

We discuss here individual lines. o
In Q 1026-0045A, the\2259 feature could be partly ky feature at\2736 could be Gv\1550 at the same redshift with

from thez.y,, = 1.4420 system but given the strength of the oth8° C1VA1548 detected. The line however is displaced by mo
lines in the series, the contribution is most certainly negligibld1@n 1A from the expected position which is not acceptable
There is a broad feature centered at 246fhat we decom- Ve thus consider the $v identification as doubtful.

pose into two components at 2450 and 2464 his feature is N Q 1026-0045B, there is a broad f(iature\aﬂ88.5 that
uncertain however. Galactic Fe\2374 absorption should notc@nnot be accounted for by 8iA1402 at- = 0.6320 only. The

contribute too much to tha2375 feature that is mostly byat €ature an2376 may have a double structureqLgt 1.4438
Zabe = 1.4405 and 1.4420. The line is quite strong however afgd FertA2374 definitively contribute to this feature which is
could be partly produced by a byabsorption at,y,, = 0.9536, Srong enough however to be partly produced by lapsorp-
The two lines ah 2458 and\2474 could correspond to aSiy 10N @l zabs = 0.9545. Since QVA1S50 atz,p,s = 0.6321 has
A1393,1402 doublet at, = 0.7639. The correspondingi©.  Wobs = 0-46 A, C TvA1548 at the same redshift should havs

1334 line would be blended with I3/at z,,s = 1.2964 but the Wobs < 0.92A. Consequently there is a byline atz,,; = 1.0782
with wops > 0.6 A.
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a characteristic of the spatial distribution of thenLgas in the
simulations (Charlton et al. 1997). Itis clear that better statistics
in the data are needed to have a better understanding of the
structures especially to discuss the difference between real size
of the clouds and correlation length (Cen & Simcoe 1997).

It is intriguing to note that the velocity differenc®V be-
tween lines coincident in redshift along the two lines of sight
is small. Considering all the pairs, we find 4 and 8 pairs with
AV < 50 and 200 km st respectively. There is no pair, even
along one single line of sight with 208 AV < 400 km s,

This has been shown to favor disk-like structures (Charlton et

Ty al. 1995) but should be studied in more detail.
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