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Bravado
Have I not walked without an upward look
Of caution under stars that very well
Might not have missed me when they shot and fell?
It was a risk I had to take – and took.

Robert Frost (1946)





ABSTRACT
The intergalactic medium is kept highly photoionised by the intergalactic UV background radiation field generated
by the overall population of quasars and star-forming galaxies. In the vicinity of sources of UV photons, such as
luminous high-redshift quasars, the UV radiation field is enhanced due to the local source contribution. The higher
degree of ionisation is visible as a reduced line density or generally as a decreased level of absorption in the Lyman
alpha (Lyα) forest of neutral hydrogen. This so-called proximity effect has been detected with high statistical
significance towards luminous quasars. If quasars radiate rather isotropically, background quasar sightlines located
near foreground quasars should show a region of decreased Lyα absorption close to the foreground quasar. Despite
considerable effort, such a transverse proximity effect has only been detected in a few cases. It is still unclear,
whether this effect is a common phenomenon in the Lyα forest.
So far, studies of the transverse proximity effect were mostly limited by the small number of suitable projected
pairs or groups of high-redshift quasars. With the aim to substantially increase the number of quasar groups in the
vicinity of bright quasars we conduct a targeted survey for faint V <∼ 22 quasars at redshifts 1.7 <∼ z <∼ 3.6 around
18 well-studied quasars at 2.76 < z < 4.69 employing slitless spectroscopy. Among the reduced and calibrated
slitless spectra of ∼ 29000 objects on a total area of 4.39 square degrees we discover in total 169 previously
unknown quasar candidates based on their prominent emission lines. 81 potential z > 1.7 quasars are selected
for confirmation by slit spectroscopy at the Very Large Telescope (VLT). We are able to confirm 80 of these as
0.580 ≤ z ≤ 3.586 quasars. 64 of the newly discovered quasars reside at z > 1.7. Excluding the central quasars in
the fields, our survey increases the number of z > 1.7 quasars in these fields by a factor ∼ 5. The high success rate
of the follow-up observations implies that the majority of the remaining candidates are quasars as well.
In 16 of these groups we search for a transverse proximity effect as a systematic underdensity in the intergalactic
H  Lyα absorption. We employ a novel technique to characterise the random absorption fluctuations in the Lyα
forest in order to estimate the significance of the transverse proximity effect. Neither low-resolution spectra nor
high-resolution spectra of background quasars of our groups present evidence for a transverse proximity effect.
However, via Monte Carlo simulations the effect should be detectable only at the 1–2σ level near three of the
foreground quasars. Thus, we cannot distinguish between the presence or absence of a weak signature of the
transverse proximity effect. The systematic effects of quasar variability, quasar anisotopy and intrinsic overdensities
near quasars likely explain the apparent lack of the transverse proximity effect. Even in absence of the systematic
effects, we show that a statistically significant detection of the transverse proximity effect requires at least ∼ 5
medium-resolution quasar spectra of background quasars near foreground quasars whose UV flux exceeds the UV
background by a factor >∼ 3. Therefore, statistical studies of the transverse proximity effect in the H  Lyα forest
require large numbers of suitable pairs.
Two sightlines towards the central quasars of our survey fields show intergalactic He  Lyα absorption. A com-
parison of the He  absorption to the corresponding H  absorption yields an estimate of the spectral shape of the
intergalactic UV radiation field, typically parameterised by the He /H  column density ratio η. We analyse the
fluctuating UV spectral shape on both lines of sight and correlate it with seven foreground quasars. On the line of
sight towards Q 0302−003 we find a harder radiation field near 4 foreground quasars. In the direct vicinity of the
quasars η is consistent with values of 25–100, whereas at large distances from the quasars η >∼ 200 is required. The
second line of sight towards HE 2347−4342 probes lower redshifts where η is directly measurable in the resolved
He  forest. Again we find that the radiation field near the 3 foreground quasars is significantly harder (median
η ∼ 20–50) than in general (median η ∼ 80–100). While η still shows large fluctuations near the quasars, probably
due to radiative transfer, the radiation field is on average harder near the quasars than far away from them.
We interpret these discoveries as the first detections of the transverse proximity effect as a local hardness fluctu-
ation in the UV spectral shape. No significant H  proximity effect is predicted for the 7 foreground quasars. In
fact, the H  Lyα absorption near the quasars is close to or slightly above the average, suggesting that the weak
signature of the transverse proximity effect is masked by intrinsic overdensities. However, we show that the UV
spectral shape traces the transverse proximity effect even in overdense regions or at large distances. Therefore, the
spectral hardness is a sensitive physical measure of the transverse proximity effect that is able to break the density
degeneracy affecting the traditional searches.
The transverse proximity effect yields a lower limit on the quasar lifetime. From our detections we get values of
10–30 Myr consistent with other more indirect estimates.



















































































































































































































100 Atlas of slitless WFI spectra of objects with emission lines

Fig. B.3. continued.
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B.4. WFI spectra of likely emission line galaxies

Fig. B.4. RA-ordered list of slitless WFI spectra of 145 objects classified as emission line galaxies (known and unknown). None of these objects
was included in the follow-up observations. The spectra are shown in black together with their 1σ noise arrays (green/grey) if the S/N is low. The
(approximate) flux densities are given in 10−17 erg cm−2 s−1 Å−1. Labelled are the celestial coordinates (format: HHMMSS.S±DDMMSS, J2000), the
integrated V magnitude and the estimated redshift. In most of the cases the classification is easy due to the asymmetric appearance of the blended
[O ] doublet and the nearby Hβ line. Some galaxies have weak [O ] emission and a visible 4000 Å break at the blue end of the spectrum.
Also [O ] emission is easily identified. Due to the very low seeing-dependent resolution the sample is likely contaminated by low-redshift AGN.
Moreover, due to the lack of Hα in the spectral range this sample of star-forming galaxies is likely incomplete.



102 Atlas of slitless WFI spectra of objects with emission lines

Fig. B.4. continued.



Atlas of slitless WFI spectra of objects with emission lines 103

Fig. B.4. continued.



104 Atlas of slitless WFI spectra of objects with emission lines

Fig. B.4. continued. The spectrum of J053019.9−251114 is contaminated.
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Fig. B.4. continued.



106 Atlas of slitless WFI spectra of objects with emission lines

Fig. B.4. continued.
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Fig. B.4. continued.



108 Atlas of slitless WFI spectra of objects with emission lines

Fig. B.4. continued.



Appendix C

FORS2 redshift measurements of candidates included in the
follow-up

Table C.1. Measured emission lines of newly discovered quasars in the vicinity of Q 0000−26.

Object Emission line λrest [Å] λobs [Å] z comments

QSO J00025−2558 Mg  2798.75 5275 ± 7 0.885 ± 0.003
Hβ 4862.68 9180 ± 7 0.888 ± 0.001

0.887 ± 0.002
QSO J00040−2603 Lyα 1215.67 3649 ± 4 2.002 ± 0.003

Si +O ] 1399.41 4180 ± 20 1.987 ± 0.014 noisy
C  1549.06 4653 ± 8 2.004 ± 0.005 absorption, asymmetric
C ] 1908.73 5730 ± 8 2.002 ± 0.004

2.002 ± 0.003
QSO J00035−2610 Lyβ+O  1033.03 3891 ± 10 2.767 ± 0.010 forest absorption

Lyα 1215.67 4585 ± 4 2.772 ± 0.003
N  1240.14 4684 ± 6 2.777 ± 0.005
O +Si  1305.59 4903 ± 12 2.755 ± 0.010 noisy
Si +O ] 1399.41 5278 ± 15 2.772 ± 0.011 noisy
C  1549.06 5837 ± 4 2.768 ± 0.003

2.771 ± 0.003
QSO J00028−2547 Lyα 1215.67 4636 ± 5 2.814 ± 0.004

N  1240.14 4725 ± 10 2.810 ± 0.008 blended with Lyα
Si +O ] 1399.41 5325 ± 15 2.805 ± 0.011 noisy, broad line
C  1549.06 5902 ± 6 2.810 ± 0.004

2.812 ± 0.004
QSO J00035−2551 Lyα 1215.67 4714 ± 4 2.878 ± 0.003

O +Si  1305.59 5053 ± 10 2.870 ± 0.008 noisy
C  1335.30 5173 ± 6 2.874 ± 0.004 noisy
Si +O ] 1399.41 5417 ± 9 2.871 ± 0.006
C  1549.06 5985 ± 8 2.864 ± 0.005 absorption

2.875 ± 0.004
QSO J00038−2617 Lyα 1215.67 4952 ± 4 3.073 ± 0.003

N  1240.14 5042 ± 10 3.066 ± 0.008 blended with Lyα, noisy
Si +O ] 1399.41 5699 ± 15 3.072 ± 0.011 noisy
C  1549.06 6277 ± 9 3.052 ± 0.006
C ] 1908.73 7774 ± 15 3.073 ± 0.008 noisy

3.073 ± 0.003
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Table C.2. Measured emission lines of newly discovered quasars in the vicinity of Q 0002−422.

Object Emission line λrest [Å] λobs [Å] z comments

QSO J00043−4151 Mg  2798.75 4878 ± 3 0.743 ± 0.001
Hβ 4862.68 8477 ± 6 0.743 ± 0.001
[O ] 4960.30 8637 ± 5 0.741 ± 0.001
[O ] 5008.24 8731 ± 3 0.743 ± 0.001

0.743 ± 0.001
QSO J00041−4158 C  1549.06 4215 ± 3 1.721 ± 0.002

C ] 1908.73 5176 ± 5 1.712 ± 0.003
1.720 ± 0.004

QSO J00045−4201 Lyα 1215.67 3838 ± 2 2.157 ± 0.002
Si +O ] 1399.41 4413 ± 8 2.153 ± 0.006 noisy
C  1549.06 4889 ± 3 2.156 ± 0.002
C ] 1908.73 6025 ± 10 2.157 ± 0.005 noisy

2.157 ± 0.002

Table C.3. Measured emission lines of newly discovered quasars in the vicinity of H 0055−269.

Object Emission line λrest [Å] λobs [Å] z comments

QSO J00576−2626 C  1549.06 4549 ± 8 1.937 ± 0.005 absorption
C ] 1908.73 5617 ± 8 1.943 ± 0.004 sky residuals
Mg  2798.75 8270 ± 10 1.955 ± 0.004 noisy

1.942 ± 0.004
QSO J00582−2649 Lyα 1215.67 4345 ± 4 2.574 ± 0.003

O +Si  1305.59 4661 ± 4 2.570 ± 0.003 noisy
Si +O ] 1399.41 4996 ± 12 2.570 ± 0.009 noisy
C  1549.06 5534 ± 4 2.572 ± 0.003
C ] 1908.73 6800 ± 7 2.563 ± 0.004

2.572 ± 0.003
QSO J00583−2626 Lyα 1215.67 4570 ± 20 2.759 ± 0.016 strong absorption

Si +O ] 1399.41 5190 ± 15 2.709 ± 0.011
C  1549.06 5761 ± 10 2.719 ± 0.006
C ] 1908.73 7107 ± 10 2.723 ± 0.005 asymmetric

2.720 ± 0.006

Table C.4. Measured emission lines of newly discovered quasars in the vicinity of Q 0302−003.

Object Emission line λrest [Å] λobs [Å] z comments

QSO J03052−0016 Lyα 1215.67 4004 ± 3 2.294 ± 0.003
N  1240.14 4081 ± 3 2.291 ± 0.003
Si +O ] 1399.41 4598 ± 8 2.284 ± 0.006
C  1549.06 5095 ± 2 2.289 ± 0.001
He  1640.42 5393 ± 3 2.288 ± 0.002
C ] 1908.73 6278 ± 5 2.289 ± 0.003
Mg  2798.75 9223 ± 15 2.296 ± 0.005

2.290 ± 0.002
QSO J03052+0000 Lyβ+O  1033.03 3936 ± 5 2.810 ± 0.005 forest absorption

Lyα 1215.67 4627 ± 7 2.806 ± 0.006 associated absorption
Si +O ] 1399.41 5335 ± 10 2.812 ± 0.007
C  1549.06 5896 ± 11 2.806 ± 0.007 associated absorption
He  1640.42 6244 ± 3 2.806 ± 0.002
C ] 1908.73 7268 ± 4 2.808 ± 0.002

2.808 ± 0.004
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Table C.5. Measured emission lines of quasars and emission line galaxies in the vicinity of Q 0347−383.

Object Emission line λrest [Å] λobs [Å] z comments

J03490−3820 [O ] 3728.48 4790 ± 1 0.2847 ± 0.0002
Hβ 4862.68 6248 ± 1 0.2849 ± 0.0002
[O ] 4960.30 6374 ± 1 0.2850 ± 0.0002
[O ] 5008.24 6434 ± 1 0.2847 ± 0.0002
[N ] 6549.85 8415 ± 1 0.2848 ± 0.0002
Hα 6564.61 8435 ± 1 0.2849 ± 0.0002
[N ] 6585.28 8460 ± 1 0.2847 ± 0.0002
[S ] 6718.29 8631 ± 1 0.2847 ± 0.0001
[S ] 6732.67 8651 ± 1 0.2849 ± 0.0001

0.2848 ± 0.0001 Emission line galaxy
QSO J03494−3814 C  1549.06 3826 ± 4 1.470 ± 0.003

C ] 1908.73 4717 ± 4 1.471 ± 0.002
Mg  2798.75 6927 ± 4 1.475 ± 0.001 telluric absorption

1.471 ± 0.002
QSO J03500−3820 Si +O ] 1399.41 3936 ± 10 1.813 ± 0.007

C  1549.06 4366 ± 4 1.818 ± 0.003
C ] 1908.73 5380 ± 5 1.819 ± 0.003
Mg  2798.75 7889 ± 7 1.819 ± 0.003

1.819 ± 0.002
QSO J03490−3812 Si +O ] 1399.41 4122 ± 7 1.946 ± 0.005

C  1549.06 4562 ± 8 1.945 ± 0.005 absorption
C ] 1908.73 5611 ± 4 1.940 ± 0.002
Mg  2798.75 8244 ± 8 1.946 ± 0.003

1.945 ± 0.003
QSO J03496−3821 Lyα 1215.67 4075 ± 2 2.352 ± 0.002

N  1240.14 4158 ± 6 2.353 ± 0.005 blended with Lyα
O +Si  1305.59 4364 ± 5 2.343 ± 0.004 absorption
C  1335.30 4471 ± 5 2.348 ± 0.004 noisy
Si +O ] 1399.41 4678 ± 8 2.343 ± 0.006
C  1549.06 5189 ± 3 2.350 ± 0.002
He  1640.42 5489 ± 9 2.346 ± 0.005 noisy

2.351 ± 0.003
QSO J03496−3810 Lyα 1215.67 4170 ± 3 2.430 ± 0.002 absorption

N  1240.14 4260 ± 5 2.435 ± 0.004 blended with Lyα, absorption
O +Si  1305.59 4483 ± 4 2.434 ± 0.003 absorption
C  1335.30 4587 ± 6 2.435 ± 0.004 noisy, absorption
Si +O ] 1399.41 4802 ± 10 2.431 ± 0.007 asymmetric
C  1549.06 5311 ± 3 2.429 ± 0.002 absorption

2.433 ± 0.003
QSO J03495−3806 Lyα 1215.67 4226 ± 2 2.476 ± 0.002

N  1240.14 4315 ± 6 2.479 ± 0.005 blended with Lyα
Si +O ] 1399.41 4859 ± 8 2.472 ± 0.006
C  1549.06 5380 ± 3 2.473 ± 0.002

2.475 ± 0.003
QSO J03508−3812 Lyβ+O  1033.03 Broad Absorption Line QSO

Lyα 1215.67 Broad Absorption Line QSO
N  1240.14 Broad Absorption Line QSO
Si +O ] 1399.41 Broad Absorption Line QSO
C  1549.06 Broad Absorption Line QSO
He  1640.42 6064 ± 6 2.700 ± 0.004
C ] 1908.73 7071 ± 3 2.705 ± 0.002

2.705 ± 0.003
QSO J03503−3800 Lyα 1215.67 4554 ± 3 2.746 ± 0.002 absorption

O +Si  1305.59 4877 ± 6 2.735 ± 0.005
C  1335.30 4986 ± 6 2.734 ± 0.004
Si +O ] 1399.41 5224 ± 5 2.733 ± 0.004
C  1549.06 5760 ± 4 2.718 ± 0.003 absorption

2.734 ± 0.003
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Table C.5. continued.

Object Emission line λrest [Å] λobs [Å] z comments

QSO J03490−3825 Lyβ+O  1033.03 3895 ± 10 2.770 ± 0.010 associated absorption
Lyα 1215.67 4587 ± 5 2.773 ± 0.004 associated absorption
N  1240.14 4688 ± 5 2.780 ± 0.004 blended with Lyα, associated absorption
O +Si  1305.59 4930 ± 5 2.776 ± 0.004 absorption
C  1335.30 5044 ± 5 2.777 ± 0.004 absorption
Si +O ] 1399.41 5286 ± 10 2.777 ± 0.007 associated absorption
C  1549.06 5850 ± 5 2.776 ± 0.003 associated absorption
He  1640.42 6180 ± 4 2.767 ± 0.002 noisy, blueshifted

2.777 ± 0.003
QSO J03494−3826 Lyβ+O  1033.03 3918 ± 6 2.793 ± 0.006 forest absorption

Lyα 1215.67 4598 ± 2 2.782 ± 0.002
N  1240.14 4700 ± 8 2.790 ± 0.006 blended with Lyα
O +Si  1305.59 4934 ± 5 2.779 ± 0.004
C  1335.30 5048 ± 4 2.780 ± 0.003
Si +O ] 1399.41 5288 ± 7 2.779 ± 0.005
C  1549.06 5859 ± 3 2.782 ± 0.002

2.782 ± 0.002

Table C.6. Measured emission lines of newly discovered quasars in the vicinity of CTQ 0247.

Object Emission line λrest [Å] λobs [Å] z comments

QSO J04061−4401 Lyα 1215.67 4160 ± 15 2.422 ± 0.012 strong absorption systems
Si +O ] 1399.41 4728 ± 15 2.379 ± 0.011 strong absorption systems
C  1549.06 5238 ± 10 2.381 ± 0.006 strong absorption systems

2.410 ± 0.020
QSO J04075−4416 Lyβ+O  1033.03 4163 ± 10 3.030 ± 0.010 forest absorption

Lyα 1215.67 4904 ± 3 3.034 ± 0.002 absorption
N  1240.14 5013 ± 4 3.042 ± 0.003 blended with Lyα
O +Si  1305.59 5262 ± 9 3.030 ± 0.007 noisy
Si +O ] 1399.41 5623 ± 8 3.018 ± 0.006 noisy
C  1549.06 6250 ± 6 3.035 ± 0.004 absorption

3.034 ± 0.003
QSO J04084−4420 Lyβ+O  1033.03 4192 ± 9 3.058 ± 0.009 forest absorption

Lyα 1215.67 4962 ± 4 3.082 ± 0.003
N  1240.14 5056 ± 6 3.077 ± 0.005 blended with Lyα
O +Si  1305.59 5330 ± 8 3.082 ± 0.006 noisy
C  1335.30 5442 ± 10 3.075 ± 0.007 noisy
Si +O ] 1399.41 5697 ± 10 3.071 ± 0.007 noisy
C  1549.06 6315 ± 5 3.077 ± 0.003

3.080 ± 0.004
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Table C.7. Measured emission lines of newly discovered quasars in the vicinity of Q 0420−388.

Object Emission line λrest [Å] λobs [Å] z comments

QSO J04217−3847 Mg  2798.75 4957 ± 6 0.771 ± 0.002
0.771 ± 0.002

QSO J04229−3831 Lyα 1215.67 3636 ± 8 1.991 ± 0.007 associated absorption
Si +O ] 1399.41 4178 ± 8 1.986 ± 0.006
C  1549.06 4633 ± 7 1.991 ± 0.005 associated absorption
C ] 1908.73 5708 ± 4 1.990 ± 0.002

1.990 ± 0.002
QSO J04222−3829 Lyα 1215.67 3850 ± 6 2.167 ± 0.005 absorption

Si +O ] 1399.41 4433 ± 11 2.168 ± 0.008
C  1549.06 4906 ± 6 2.167 ± 0.004
C ] 1908.73 6049 ± 10 2.169 ± 0.005
Mg  2798.75 8870 ± 20 2.169 ± 0.007 noisy

2.168 ± 0.003
QSO J04215−3857 Lyα 1215.67 3932 ± 10 2.234 ± 0.008

Si +O ] 1399.41 4519 ± 12 2.229 ± 0.009
C  1549.06 5004 ± 7 2.230 ± 0.005 absorption
C ] 1908.73 6176 ± 4 2.236 ± 0.002
Mg  2798.75 9046 ± 12 2.232 ± 0.004 noisy

2.235 ± 0.003
QSO J04215−3854 Lyα 1215.67 4010 ± 12 2.299 ± 0.010 broad line, absorption

Si +O ] 1399.41 4584 ± 15 2.276 ± 0.011
C  1549.06 5060 ± 15 2.266 ± 0.010 broad line, absorption
C ] 1908.73 6224 ± 12 2.261 ± 0.006 broad line

2.270 ± 0.010
QSO J04212−3853 Lyα 1215.67 4526 ± 4 2.723 ± 0.003

N  1240.14 4613 ± 8 2.720 ± 0.006 blended with Lyα
O +Si  1305.59 4862 ± 7 2.724 ± 0.005
C  1335.30 4977 ± 10 2.727 ± 0.007 absorption
Si +O ] 1399.41 5207 ± 10 2.721 ± 0.007
C  1549.06 5768 ± 4 2.717 ± 0.003

2.723 ± 0.003
QSO J04230−3853 Lyα 1215.67 4930 ± 10 3.055 ± 0.008 absorption

Si +O ] 1399.41 5648 ± 10 3.036 ± 0.007
C  1549.06 6260 ± 6 3.041 ± 0.004
C ] 1908.73 7720 ± 20 3.045 ± 0.010 telluric absorption

3.042 ± 0.005

Table C.8. Measured emission lines of newly discovered quasars in the vicinity of HE 0940−1050.

Object Emission line λrest [Å] λobs [Å] z comments

QSO J09422−1117 Mg  2798.75 4873 ± 7 0.741 ± 0.003
0.741 ± 0.003

QSO J09437−1109 C  1549.06 3800 ± 10 1.453 ± 0.006 narrow line, associated absorption
C ] 1908.73 4688 ± 6 1.456 ± 0.003 narrow line
C ] 2326.44 5720 ± 8 1.459 ± 0.003 strong line
[Ne ] 2423.83 5947 ± 3 1.454 ± 0.001 strong line
Mg  2798.75 6875 ± 6 1.456 ± 0.002 narrow, associated absorption

1.456 ± 0.002
QSO J09427−1108 C  1549.06 3911 ± 10 1.525 ± 0.006 asymmetric

C ] 1908.73 4804 ± 8 1.517 ± 0.004
1.517 ± 0.004
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Table C.8. continued.

Object Emission line λrest [Å] λobs [Å] z comments

QSO J09430−1108 Si +O ] 1399.41 3830 ± 30 1.737 ± 0.021 break in spectrum at λ < 3750 Å
C  1549.06 4239 ± 9 1.736 ± 0.006 associated absorption
C ] 1908.73 5210 ± 9 1.730 ± 0.005
Mg  2798.75 7665 ± 12 1.739 ± 0.004 telluric absorption
N ] 1750.26 4780 ± 6 1.731 ± 0.003

1.730 ± 0.003
QSO J09424−1047 Si +O ] 1399.41 4160 ± 15 1.973 ± 0.011

C  1549.06 4601 ± 6 1.970 ± 0.004
C ] 1908.73 5670 ± 8 1.971 ± 0.004
Mg  2798.75 8335 ± 10 1.978 ± 0.004

1.971 ± 0.003
QSO J09437−1057 Lyα 1215.67 3682 ± 10 2.029 ± 0.008 noisy

Si +O ] 1399.41 4140 ± 15 1.958 ± 0.011 blueshifted
C  1549.06 4686 ± 4 2.025 ± 0.003
C ] 1908.73 5769 ± 12 2.022 ± 0.006
Mg  2798.75 8460 ± 15 2.023 ± 0.005

2.023 ± 0.004
QSO J09435−1049 Lyα 1215.67 3911 ± 3 2.217 ± 0.002 broad line

N  1240.14 3990 ± 10 2.217 ± 0.008 blended with Lyα, absorption
Si +O ] 1399.41 4500 ± 8 2.216 ± 0.006 broad line
C  1549.06 4979 ± 5 2.214 ± 0.003 broad line
C ] 1908.73 6129 ± 6 2.211 ± 0.003 broad line

2.216 ± 0.003
QSO J09425−1048 Lyα 1215.67 4042 ± 6 2.325 ± 0.005 absorption

C  1335.30 4458 ± 9 2.339 ± 0.007 very noisy
Si +O ] 1399.41 4662 ± 10 2.331 ± 0.007
C  1549.06 5141 ± 8 2.319 ± 0.005 absorption

2.325 ± 0.005
QSO J09434−1053 Lyβ+O  1033.03 3885 ± 20 2.761 ± 0.019 forest absorption

Lyα 1215.67 4571 ± 4 2.760 ± 0.003
N  1240.14 4669 ± 10 2.765 ± 0.008 blended with Lyα
Si +O ] 1399.41 5255 ± 10 2.755 ± 0.007
C  1549.06 5825 ± 4 2.760 ± 0.003
C ] 1908.73 7170 ± 6 2.756 ± 0.003

2.760 ± 0.003
QSO J09427−1121 Lyβ+O  1033.03 4070 ± 10 2.940 ± 0.010 forest absorption

Lyα 1215.67 4824 ± 3 2.968 ± 0.002 absorption
N  1240.14 4917 ± 10 2.965 ± 0.008 blended with Lyα, absorption
O +Si  1305.59 5171 ± 4 2.961 ± 0.003 absorption
C  1335.30 5301 ± 7 2.970 ± 0.005 noisy
Si +O ] 1399.41 5533 ± 8 2.954 ± 0.006
C  1549.06 6139 ± 4 2.963 ± 0.003

2.963 ± 0.003
QSO J09437−1052 Lyβ+O  1033.03 4130 ± 10 2.998 ± 0.010 forest absorption

Lyα 1215.67 4885 ± 3 3.018 ± 0.002 absorption
N  1240.14 4983 ± 10 3.018 ± 0.008 blended with Lyα
S  1262.59 5076 ± 8 3.020 ± 0.006
O +Si  1305.59 5240 ± 4 3.014 ± 0.003
C  1335.30 5368 ± 6 3.020 ± 0.004 noisy
Si +O ] 1399.41 5614 ± 8 3.012 ± 0.006
C  1549.06 6215 ± 6 3.012 ± 0.004 asymmetric

3.018 ± 0.003
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Table C.9. Measured emission lines of newly discovered quasars in the vicinity of CTQ 0460.

Object Emission line λrest [Å] λobs [Å] z comments

QSO J10399−2321 Lyα 1215.67 3910 ± 15 2.216 ± 0.012 associated absorption
N  1240.14 3986 ± 15 2.214 ± 0.012 associated absorption
Si +O ] 1399.41 4498 ± 10 2.214 ± 0.007
C  1549.06 4975 ± 15 2.212 ± 0.010 associated absorption
C ] 1908.73 6138 ± 8 2.216 ± 0.004 broad line

2.216 ± 0.004
QSO J10388−2258 Lyα 1215.67 4044 ± 6 2.327 ± 0.005 absorption

N  1240.14 4120 ± 10 2.322 ± 0.008 absorption
O +Si  1305.59 4342 ± 5 2.326 ± 0.004
C  1335.30 4441 ± 7 2.326 ± 0.005 noisy
Si +O ] 1399.41 4650 ± 10 2.323 ± 0.007
C  1549.06 5147 ± 5 2.323 ± 0.003

2.326 ± 0.003
QSO J10385−2317 Lyβ+O  1033.03 4237 ± 15 3.102 ± 0.015 forest absorption

Lyα 1215.67 4976 ± 8 3.093 ± 0.007 absorption
N  1240.14 5067 ± 20 3.086 ± 0.016 absorption, blended with Lyα
O +Si  1305.59 5342 ± 10 3.092 ± 0.008 absorption, noisy
C  1335.30 5475 ± 7 3.100 ± 0.005 noisy
Si +O ] 1399.41 5723 ± 10 3.090 ± 0.007
C  1549.06 6340 ± 10 3.093 ± 0.006 line not fully in spectral range

3.099 ± 0.004

Table C.10. Measured emission lines of newly discovered quasars in the vicinity of BR 1117−1329.

Object Emission line λrest [Å] λobs [Å] z comments

QSO J11208−1345 C  1549.06 4483 ± 3 1.894 ± 0.002
C ] 1908.73 5520 ± 7 1.892 ± 0.004
Mg  2798.75 8095 ± 8 1.892 ± 0.003

1.893 ± 0.002
QSO J11205−1343 Si +O ] 1399.41 4072 ± 10 1.910 ± 0.007

C  1549.06 4509 ± 3 1.911 ± 0.002
C ] 1908.73 5554 ± 5 1.910 ± 0.003
Mg  2798.75 8141 ± 5 1.909 ± 0.002

1.910 ± 0.002
QSO J11197−1340 Lyα 1215.67 3925 ± 15 2.229 ± 0.012 broad line, associated absorption?

C  1335.30 4300 ± 6 2.220 ± 0.004
Si +O ] 1399.41 4489 ± 15 2.208 ± 0.011
C  1549.06 4953 ± 10 2.197 ± 0.006 absorption, asymmetric, blueshifted
C ] 1908.73 6120 ± 15 2.206 ± 0.008 broad line

2.220 ± 0.004
QSO J11192−1334 Lyα 1215.67 5178 ± 15 3.259 ± 0.012 associated absorption

Si +O ] 1399.41 5966 ± 15 3.263 ± 0.011 associated absorption
C  1549.06 6580 ± 15 3.248 ± 0.010 associated absorption
He  1640.42 6970 ± 10 3.249 ± 0.006
O ] 1663.48 7078 ± 10 3.255 ± 0.006
C ] 1908.73 8116 ± 9 3.252 ± 0.005

3.252 ± 0.005

Table C.11. Measured emission lines of newly discovered quasars in the vicinity of BR 1202−0725.

Object Emission line λrest [Å] λobs [Å] z comments

QSO J12059−0754 Mg  2798.75 4963 ± 3 0.773 ± 0.001
0.773 ± 0.001

QSO J12062−0727 C  1549.06 3840 ± 15 1.479 ± 0.010 spectral break at λ <∼ 3750 Å
C ] 1908.73 4730 ± 20 1.478 ± 0.010
Mg  2798.75 6932 ± 15 1.477 ± 0.005

1.478 ± 0.003
QSO J12061−0745 C  1549.06 4227 ± 3 1.729 ± 0.002

C ] 1908.73 5212 ± 4 1.731 ± 0.002
1.730 ± 0.002
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Table C.12. Measured emission lines of newly discovered quasars in the vicinity of Q 1209+0919.

Object Emission line λrest [Å] λobs [Å] z comments

QSO J12124+0851 Mg  2798.75 4838 ± 7 0.729 ± 0.003
0.729 ± 0.003

QSO J12111+0906 Lyα 1215.67 4300 ± 8 2.537 ± 0.007 absorption
O +Si  1305.59 4615 ± 5 2.535 ± 0.004
C  1335.30 4719 ± 3 2.534 ± 0.002
Si +O ] 1399.41 4936 ± 10 2.527 ± 0.007
C  1549.06 5474 ± 7 2.534 ± 0.005 asymmetric

2.534 ± 0.002

Table C.13. Measured emission lines of newly discovered quasars in the vicinity of PKS 2126−15.

Object Emission line λrest [Å] λobs [Å] z comments

QSO J21294−1521 Mg  2798.75 4423 ± 2 0.580 ± 0.001 spectral break at λ <∼ 3750 Å
0.580 ± 0.001

QSO J21291−1524A Mg  2798.75 4988 ± 3 0.782 ± 0.001
Hβ 4862.68 8646 ± 15 0.778 ± 0.003 noisy, sky residuals

0.782 ± 0.001
QSO J21297−1536 C  1549.06 3889 ± 10 1.511 ± 0.006 spectral break

C ] 1908.73 4789 ± 10 1.509 ± 0.005
Mg  2798.75 7023 ± 15 1.509 ± 0.005

1.509 ± 0.003
QSO J21286−1528 Si +O ] 1399.41 4075 ± 20 1.912 ± 0.014 noisy

C  1549.06 4519 ± 6 1.917 ± 0.004
C ] 1908.73 5581 ± 8 1.924 ± 0.004
Mg  2798.75 8203 ± 10 1.931 ± 0.004

1.925 ± 0.005
QSO J21291−1524B Lyα 1215.67 4230 ± 30 2.480 ± 0.025 Broad Absorption Line QSO

C  1549.06 5300 ± 30 2.421 ± 0.019 velocity structure of BAL components
indicates blueshift of C 

2.480 ± 0.030
QSO J21301−1533 Lyβ+O  1033.03 4635 ± 15 3.487 ± 0.015 forest absorption

Lyα 1215.67 5455 ± 5 3.487 ± 0.004 strong absorption systems
N  1240.14 5560 ± 10 3.483 ± 0.008 blended with Lyα
O +Si  1305.59 5863 ± 10 3.491 ± 0.008 asymmetric
C  1335.30 5993 ± 10 3.488 ± 0.007 very noisy
Si +O ] 1399.41 6257 ± 15 3.471 ± 0.011 noisy, absorption

3.487 ± 0.003
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Table C.14. Measured emission lines of newly discovered quasars in the vicinity of Q 2139−4434.

Object Emission line λrest [Å] λobs [Å] z comments

QSO J21413−4406 Lyα 1215.67 3780 ± 7 2.109 ± 0.006 associated absorption?
(KNOWN) N  1240.14 3852 ± 15 2.106 ± 0.012 blended with Lyα, associated absorption?

Si +O ] 1399.41 4339 ± 15 2.101 ± 0.011
C  1549.06 4803 ± 7 2.101 ± 0.005 asymmetric
C ] 1908.73 5930 ± 8 2.107 ± 0.004
Mg  2798.75 8703 ± 10 2.110 ± 0.004 noisy, sky residuals

2.107 ± 0.003
QSO J21425−4430 Lyα 1215.67 4123 ± 40 2.392 ± 0.033 strong associated absorption, narrow line
(KNOWN) C  1549.06 5253 ± 15 2.391 ± 0.010 strong associated system

C ] 1908.73 6436 ± 12 2.372 ± 0.006 noisy
2.372 ± 0.006

QSO J21434−4432 Lyα 1215.67 4517 ± 8 2.716 ± 0.007 absorption
N  1240.14 4598 ± 15 2.708 ± 0.012 blended with Lyα, absorption
O +Si  1305.59 4812 ± 7 2.709 ± 0.005
C  1335.30 4952 ± 12 2.709 ± 0.009 noisy
Si +O ] 1399.41 5182 ± 10 2.703 ± 0.007
C  1549.06 5725 ± 5 2.696 ± 0.003

2.709 ± 0.004
QSO J21423−4419 Lyβ+O  1033.03 4368 ± 20 3.228 ± 0.019 forest absorption
(KNOWN) Lyα 1215.67 5139 ± 3 3.227 ± 0.002

N  1240.14 5239 ± 6 3.225 ± 0.005 absorption?, double peak?
O +Si  1305.59 5516 ± 4 3.225 ± 0.003
C  1335.30 5645 ± 2 3.228 ± 0.001
Si +O ] 1399.41 5908 ± 15 3.222 ± 0.011 absorption?, double peak?

3.228 ± 0.002

Table C.15. Measured emission lines of newly discovered quasars in the vicinity of HE 2243−6031.

Object Emission line λrest [Å] λobs [Å] z comments

QSO J22454−6020 C  1549.06 4622 ± 20 1.984 ± 0.013 associated absorption
C ] 1908.73 5733 ± 20 2.004 ± 0.010 extremely weak, noisy
Mg  2798.75 8347 ± 15 1.982 ± 0.005 weak, noisy

1.984 ± 0.015
QSO J22455−6015 Lyα 1215.67 3689 ± 4 2.035 ± 0.003

Si +O ] 1399.41 4265 ± 10 2.048 ± 0.007 noisy
C  1549.06 4700 ± 5 2.034 ± 0.003
C ] 1908.73 5795 ± 7 2.036 ± 0.004
Mg  2798.75 8500 ± 8 2.037 ± 0.003

2.036 ± 0.002
QSO J22460−6024 Lyα 1215.67 3692 ± 10 2.037 ± 0.008 noisy, associated absorption

Si +O ] 1399.41 4256 ± 15 2.041 ± 0.011 noisy
C  1549.06 4717 ± 10 2.045 ± 0.006 associated absorption
C ] 1908.73 5805 ± 6 2.041 ± 0.003
Mg  2798.75 8515 ± 10 2.042 ± 0.004

2.041 ± 0.003
QSO J22454−6011 Lyα 1215.67 4038 ± 4 2.322 ± 0.003 absorption

N  1240.14 4119 ± 10 2.321 ± 0.008 blended with Lyα
O +Si  1305.59 4347 ± 7 2.330 ± 0.005 noisy
C  1335.30 4439 ± 7 2.324 ± 0.005 noisy
Si +O ] 1399.41 4653 ± 9 2.325 ± 0.006
C  1549.06 5148 ± 5 2.323 ± 0.003

2.324 ± 0.003
QSO J22463−6009 Lyα 1215.67 4047 ± 2 2.329 ± 0.002

N  1240.14 4133 ± 5 2.333 ± 0.004 blended with Lyα
O +Si  1305.59 4333 ± 9 2.318 ± 0.007 noisy
Si +O ] 1399.41 4651 ± 9 2.324 ± 0.006
C  1549.06 5156 ± 3 2.328 ± 0.002

2.329 ± 0.003
QSO J22484−6002 Lyβ+O  1033.03 4742 ± 9 3.590 ± 0.009 forest absorption

Lyα 1215.67 5570 ± 6 3.582 ± 0.005 associated Lyman limit system
N  1240.14 5688 ± 5 3.587 ± 0.004 blended with Lyα
O +Si  1305.59 5988 ± 3 3.586 ± 0.002

3.586 ± 0.002
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Table C.16. Measured emission lines of newly discovered quasars in the vicinity of HE 2347−4342.

Object Emission line λrest [Å] λobs [Å] z comments

QSO J23510−4336 Mg  2798.75 4807 ± 10 0.718 ± 0.004 asymmetric
[O ] 5008.24 8624 ± 2 0.722 ± 0.001

0.720 ± 0.002
QSO J23507−4319 C ] 2326.44 4294 ± 6 0.846 ± 0.003

Mg  2798.75 5182 ± 5 0.852 ± 0.002 noisy, absorption?
0.850 ± 0.003

QSO J23507−4326 C  1549.06 4083 ± 3 1.636 ± 0.002
C ] 1908.73 5026 ± 6 1.633 ± 0.003
Mg  2798.75 7370 ± 10 1.633 ± 0.004

1.635 ± 0.003
QSO J23509−4330 C  1549.06 4271 ± 4 1.757 ± 0.003 absorption system redward of line peak

indicates blueshift
C ] 1908.73 5271 ± 8 1.762 ± 0.004 broad

1.762 ± 0.004
QSO J23502−4334 Si +O ] 1399.41 3878 ± 9 1.771 ± 0.006

C  1549.06 4290 ± 5 1.769 ± 0.003 asymmetric
C ] 1908.73 5273 ± 5 1.763 ± 0.003
Mg  2798.75 7730 ± 10 1.762 ± 0.004 telluric absorption

1.763 ± 0.003
QSO J23503−4328 Lyα 1215.67 3989 ± 4 2.281 ± 0.003

N  1240.14 4070 ± 8 2.282 ± 0.006 blended with Lyα, absorption
Si +O ] 1399.41 4585 ± 8 2.276 ± 0.006
C  1549.06 5082 ± 4 2.281 ± 0.003 asymmetric
C ] 1908.73 6253 ± 7 2.276 ± 0.004
Mg  2798.75 9196 ± 12 2.286 ± 0.004

2.282 ± 0.003
QSO J23495−4338 Lyα 1215.67 4513 ± 10 2.712 ± 0.008 absorption

O +Si  1305.59 4823 ± 10 2.694 ± 0.008 noisy, absorption
C  1335.30 4930 ± 10 2.692 ± 0.007 noisy, absorption
Si +O ] 1399.41 5135 ± 15 2.669 ± 0.011 absorption
C  1549.06 5691 ± 10 2.674 ± 0.006 absorption, blueshift
C ] 1908.73 7028 ± 10 2.682 ± 0.005 absorption

2.690 ± 0.006
QSO J23511−4319 Lyβ+O  1033.03 4154 ± 10 3.021 ± 0.010 forest absorption

Lyα 1215.67 4889 ± 4 3.022 ± 0.003
Si +O ] 1399.41 5622 ± 9 3.017 ± 0.006 noisy
C  1549.06 6223 ± 7 3.017 ± 0.005 broad

3.020 ± 0.004
QSO J23514−4339 Lyβ+O  1033.03 4389 ± 9 3.249 ± 0.009 forest absorption

Lyα 1215.67 5159 ± 6 3.244 ± 0.005 associated absorption
O +Si  1305.59 5538 ± 10 3.242 ± 0.008 noisy, absorption system
C  1335.30 5664 ± 8 3.242 ± 0.006 very noisy
Si +O ] 1399.41 5925 ± 10 3.234 ± 0.007 absorption
C  1549.06 6553 ± 10 3.230 ± 0.006 associated absorption
C ] 1908.73 8077 ± 7 3.232 ± 0.004

3.240 ± 0.004
QSO J23503−4317 Lyβ+O  1033.03 4689 ± 10 3.539 ± 0.010 forest absorption

Lyα 1215.67 5529 ± 10 3.548 ± 0.008 associated absorption
O +Si  1305.59 5940 ± 10 3.550 ± 0.008 noisy
Si +O ] 1399.41 6300 ± 15 3.502 ± 0.011 weak, sky residuals
C  1549.06 7022 ± 12 3.533 ± 0.008 associated absorption
C ] 1908.73 8669 ± 8 3.542 ± 0.004

3.542 ± 0.005
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FORS spectra of newly discovered quasars and quasar field
distributions

Quasars and quasar candidates near Q 0000−26

Fig. D.1. VLT/FORS2 spectra of newly discovered quasars in the vicinity of Q 0000−26. The extinction-corrected spectra are shown in red/dark
grey together with their 1σ noise arrays (green/light grey). The spectra have been scaled to yield the measured photometric B magnitudes before
correcting them for Galactic extinction. For quasars at z > 1.7 power law fits to the continua redward of Lyα are overplotted in black. The small
inserts show the slitless WFI spectra of the quasars in the same units.
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Fig. D.2. Left: Angular distribution of quasars and quasar candidates with respect to the central quasar Q 0000−26 as a function of redshift.
Asterisks and star symbols mark known quasars and newly discovered confirmed quasars, respectively. Apart from the central quasar only re-
discovered known quasars are shown (inside surveyed field, brighter than V ' 22, emission line in the observed wavelength range). Lozenges
(crosses) show remaining WFI quasar candidates with secure (estimated) redshifts. Symbol size indicates apparent optical magnitude. All red-
shifts have been measured in the slitless WFI spectra (σz . 0.03). Right: Quasar distribution on the sky centred on Q 0000−26 with indicated
redshifts. The green/grey rectangle marks the nominal contiguous slitless WFI field of view (26.′2 × 33.′5) without rotating the instrument, for
simplicity centred on Q 0000−26. Due to slight offsets of the field centres with respect to the central quasar and the instrument rotation for half
of the exposure time some detected quasars may be located outside the nominal field of view.
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Quasars and quasar candidates near Q 0002−422

Fig. D.3. The same as Fig. D.1 for the field of Q 0002−422.

Fig. D.4. The same as Fig. D.2 for the field of Q 0002−422.
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Quasars and quasar candidates near H 0055−269

Fig. D.5. The same as Fig. D.1 for the field of H 0055−269.

Fig. D.6. The same as Fig. D.2 for the field of H 0055−269.
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Quasars and quasar candidates near Q 0302−003

Fig. D.7. The same as Fig. D.1 for the field of Q 0302−003.

Fig. D.8. The same as Fig. D.2 for the field of Q 0302−003.
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Quasars and quasar candidates near Q 0347−383

Fig. D.9. The same as Fig. D.1 for the field of Q 0347−383.

Fig. D.10. The same as Fig. D.2 for the field of Q 0347−383.
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Quasars and quasar candidates near CTQ 0247

Fig. D.11. The same as Fig. D.1 for the field of CTQ 0247.

Fig. D.12. The same as Fig. D.2 for the field of CTQ 0247.
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Quasars and quasar candidates near Q 0420−388

Fig. D.13. The same as Fig. D.1 for the field of Q 0420−388.

Fig. D.14. The same as Fig. D.2 for the field of Q 0420−388.



FORS spectra of newly discovered quasars and quasar field distributions 127

Quasars and quasar candidates near HE 0940−1050

Fig. D.15. The same as Fig. D.1 for the field of HE 0940−1050.
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Fig. D.16. The same as Fig. D.2 for the field of HE 0940−1050.
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Quasars and quasar candidates near CTQ 0460

Fig. D.17. The same as Fig. D.1 for the field of CTQ 0460.

Fig. D.18. The same as Fig. D.2 for the field of CTQ 0460.
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Quasars and quasar candidates near BR 1117−1329

Fig. D.19. The same as Fig. D.1 for the field of BR 1117−1329.

Fig. D.20. The same as Fig. D.2 for the field of BR 1117−1329.
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Quasars and quasar candidates near BR 1202−0725

Fig. D.21. The same as Fig. D.1 for the field of BR 1202−0725.

Fig. D.22. The same as Fig. D.2 for the field of BR 1202−0725.
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Quasars and quasar candidates near Q 1209+0919

Fig. D.23. The same as Fig. D.1 for the field of Q 1209+0919.

Fig. D.24. The same as Fig. D.2 for the field of Q 1209+0919.
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Quasars and quasar candidates near PKS 2126−15

Fig. D.25. The same as Fig. D.1 for the field of PKS 2126−15.

Fig. D.26. The same as Fig. D.2 for the field of PKS 2126−15.
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Quasars and quasar candidates near Q 2139−4434

Fig. D.27. The same as Fig. D.1 for the field of Q 2139−4434.

Fig. D.28. The same as Fig. D.2 for the field of Q 2139−4434.
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Quasars and quasar candidates near HE 2243−6031

Fig. D.29. The same as Fig. D.1 for the field of HE 2243−6031.

Fig. D.30. The same as Fig. D.2 for the field of HE 2243−6031.
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Quasars and quasar candidates near HE 2347−4342

Fig. D.31. The same as Fig. D.1 for the field of HE 2347−4342.

Fig. D.32. The same as Fig. D.2 for the field of HE 2347−4342.
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Almost secure quasars and quasar candidates near PKS 0528−250

Fig. D.33. Left: Angular distribution of quasars and quasar candidates with respect to the central quasar PKS 0528−250 (asterisk) as a function
of redshift. This field was not included in the spectroscopic follow-up. Lozenges (crosses) show WFI quasar candidates with secure (estimated)
redshifts. Symbol size indicates apparent optical magnitude. Right: Quasar distribution on the sky centred on PKS 0528−250 with indicated
redshifts. The green/grey rectangle marks the nominal contiguous slitless WFI field of view (26.′2 × 33.′5) without rotating the instrument, for
simplicity centred on PKS 0528−250. The actual survey field was offset to the east.

Quasar candidates near Q 1451+123

Fig. D.34. Left: Angular distribution quasar candidates with respect to the central quasar Q 1451+123 (asterisk) as a function of redshift. Only
two low-quality candidates were detected, and none of them was selected for the FORS2 follow-up. Right: Quasar distribution on the sky centred
on Q 1451+123 with indicated (estimated) redshifts. Again the rectangle marks the nominal contiguous slitless WFI field of view.



138 FORS spectra of newly discovered quasars and quasar field distributions



Appendix E

Simulations of the He  forest

ABSTRACT

In the published version of Chapter 5 we presented a shortened discussion of the He  forest simulations that were carried out in
order to quantify the statistical fluctuations of the spectral shape indicators R and η. We will comment on this in a bit more detail
below.

The dependence of the ratio of effective optical depths on the H  absorption

As outlined in Sect. 5.4.2 we simulated 100 Monte Carlo Lyα forests in H  and He  matched to the resolution and quality of the
observed spectra. On the adopted redshift scale ∆z = 0.005 we obtained 20000 measurements of R as a function of the considered
η and the fluctuating H  absorption, characterised by its normalised value D.

In Fig. 5.5 we did not show the intrinsic variation of the R values around the polynomial fits to R(D) in logarithmic space.
We present the fits together with the root-mean-square deviations of R from the polynomial fits in the four panels of Fig. E.1.
We see that the R values scatter around the fitted polynomial relation, nevertheless a soft radiation field (η >∼ 100) can be well
distinguished from a hard one (η ∼ 20) for D <∼ 3. At high D values the absorption lines are saturated, so that the spectral shape
cannot be inferred from the effective optical depths.

Details on the simulated column density ratios

In Chapter 5 we also used 10 Monte Carlo H  forest spectra and their corresponding He  spectra in order to quantify statistical
and systematic errors on the η measurements. Again the simulated data closely resembled the actual observed data.

We used AUTOVP (Davé et al. 1997) to fit the mock H  forests automatically. We found that with the standard extraction
parameters the AUTOVP fits are generally poor at the high S/N ∼ 100 of the mock data. In extensive tests we varied the input

Fig. E.1. Simulated ratio of effective optical depths R =

τeff,He ii/τeff,H i as a function of D = τeff,H i/τ
exp
eff,H i

for different
η. For display purposes the 20000 R values per considered η

have been binned in ∆ log (D) = 0.2 bins (circles). Error bars
indicate the root-mean-square deviation of the simulated R
values and the polynomial fit (full line). For comparison each
panel shows the other polynomial fits (dashed lines) and the
actual R values measured towards HE 2347−4342 (crosses).
The horizontal dotted line marks R = 2.
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Fig. E.2. A simulated H  forest spectrum and the corresponding He  forest spectrum at 2.4 < z < 2.8 (green/grey) together with their line fits
(black). The simulated H  spectrum has S/N = 100 per pixel at R ∼ 45000, whereas the He  spectrum has S/N ∼ 4 at R ∼ 20000, η = 80 and
bHe ii = bH i. Fitted H  lines are marked by vertical dashes.

parameters of AUTOVP until the fits accurately traced the absorption also in blended complexes and only very few weak lines
were lost by the fitting routine. After fitting all 10 H  spectra we correlated the 7565 fitted lines with those of the input line list of
the Monte Carlo spectra, finding very good agreement in the line parameters (z,NH i, bH i).

The simulated He  forest data were generated from the original H  line lists (not the fitted ones) by assuming that both features
coincide in redshift with a column density ratio η = 80. We simulated both pure non-thermal broadening (bHe ii = bH i) and pure
thermal broadening (bHe ii = 0.5bH i). The simulated He  forests were fitted with fixed Doppler parameters and redshifts from the
AUTOVP H  line lists assuming pure non-thermal broadening. Only the He  column densities were allowed to vary. The forests
were fitted with a downhill-simplex algorithm on spectral regions whose ends reached up to the continuum. However, due to the
strong blending in the He  data and the low data quality the χ2 minimum is not always well defined. Figure E.2 presents a fitted
simulated H  spectrum together with its fitted He  spectrum.

The assumption of non-thermal broadening will underestimate the derived η values if the lines are in fact thermally broadened
(Fechner & Reimers 2007). The left panel of Fig. E.3 shows the histograms of derived η values. If the assumption of non-thermal
broadening is correct η is on average recovered correctly, albeit with a large scatter induced by the low S/N, blending of the He 
lines and incorrect H  line parameters in not well deblended line complexes. However, extremely low (η <∼ 10) as well as extremely
high (η >∼ 1000) values are rather unlikely to occur due to measurement errors. The real data shows more of these extreme values
than predicted, indicating that some fluctuations in the shape of the UV background are genuine. A wrong assumption of non-
thermal broadening will lead to underestimated η values. Compared to Fechner & Reimers (2007) we increased the statistics for
such an analyis by a factor >∼ 10. The right panel of Fig. E.3 clearly shows that the deviating η values are mainly caused by
saturated H  lines, in accord with the results by Fechner & Reimers (2007). If the assumption of non-thermal broadening is correct
the η values scatter rather symmetrically in logarithmic space around η = 80 at all column densities as implied by the η histogram.
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Fig. E.3. Dependence of the derived η val-
ues on the assumption of non-thermal broad-
ening. Left: Histograms of the fitted η val-
ues from the simulated data. The results ob-
tained with the correct (wrong) assumption of
non-thermal broadening are shown in black
(green/grey). Right: Correlation of the fitted η

and the H  column density in the same colour
coding.
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