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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.











































































































































































































































































128 FORS spectra of newly discovered quasars and quasar field distributions

Fig. D.16. The same as Fig. D.2 for the field of HE 0940−1050.



FORS spectra of newly discovered quasars and quasar field distributions 129

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.



130 FORS spectra of newly discovered quasars and quasar field distributions

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.
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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.

References
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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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