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default Introduction: Inhomogeneities in the UV Background UV Background Shape & Intensity

UV Background Shape & Intensity

H i and He ii reionization
Quasar population, galaxy
population
Traced using various
ionization species

I. I. Agafonova et al.: UVB and He ii absorption at 1.8 < z < 3.0 899

Fig. 3. Hydrogen and metal absorption lines associated with the zabs = 2.735 system towards HE 2347–4342 (histograms). Synthetic profiles
corresponding to the recovered ionizing spectrum (dashed line in Fig. 4) are plotted by the smooth curves. The physical parameters are listed in
Table 1, Col. 2. Bold horizontal lines mark pixels included in the objective function of the MCI procedure. The zero radial velocity is fixed at
z = 2.73576. The central positions of blends are indicated by tick marks.

Fig. 4. The ionizing background spectrum predicted for z = 3 and z = 2
in HM (thick and thin solid lines, respectively) and the spectra restored
for z = 2.73 (dashed lines) and z = 1.79 (dotted line). The normalization
is the same as in Fig. 1.

of the absorbing gas which is another argument against the asso-
ciated nature of the zabs = 2.944 system.

Test calculations with the HM ionizing spectrum confirmed
the metallicity of 0.001 Z�. However, with this spectrum the
calculated intensity of the C iii line in the range −70 < v <
70 km s−1 was significantly less than observed. Since the po-
sition of this line is in the Lyα forest, possible blends should be
taken into account. We do not find any metal absorption contam-
inating the C iii line. The only candidate for blending could be a

hydrogen absorption at zabs = 2.17. If we assume that observed
profile is mainly caused by this hydrogen absorption, then the
kinetic temperature of the gas estimated from the line width is
Tkin ≤ 32 000 K. This implies that the ionization parameter U
is less than 0.02 (for metallicity [Z] < −1.5, since there are no
metal lines detected at zabs = 2.17) and the linear size of the pu-
tative H i absorber does not exceed 0.5 kpc. Such small cloud
would hardly survive in the IGM. Another argument in favor
of C iii is the comparison with the Si iii line: both lines have
similar widths (FWHM = 40 km s−1 and 36.5 km s−1) and the
same asymmetry. Thus, we can assume with high probability
that the absorption at −70 < v < 70 km s−1 is indeed caused by
C iii from the zabs = 2.944 system. In this case only a spectrum
with a significant flux depression between 3 and 4 Ryd makes it
possible to fit adequately all observed lines.

The reconstructed spectral shape of the UVB is shown in
Fig. 9 by the dotted line, the corresponding physical parameters
are given in Table 2, Col. 2, and the synthetic profiles are plotted
by the solid lines in Fig. 8.

Here we find again a spectrum similar to that from the zabs =
2.9171 system (HE 0940–1050, Paper I): its shape reflects both
the external (GP depression) and local effects (an enhanced
emission peak at 3 Ryd and a sharp break at 4 Ryd) arising from
the reprocession of the incident ionizing radiation by the absorb-
ing cloud itself.

The He ii Lyα opacity is estimated as τHe II
GP = 2.5 ± 0.2. The

predicted value for the He ii column density is 8.5 × 1018 cm−2

which gives η = 85.

The ratio [Si/C] = 0.06, but as mentioned in Sect. 3.1.1 the
actual value may be 0.2 dex higher: [Si/C] <∼ 0.26.

A significant relative underabundance of nitrogen, [N/C] <
−0.3, is also worth noting for this system.
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–He II probes UVB and IGM density 
–H I absorption is an excellent probe of IGM density



default Introduction: Inhomogeneities in the UV Background Quasar/Transverse Proximity Effects

Quasar/Transverse Proximity Effects

I. I. Agafonova et al.: UVB and He ii absorption at 1.8 < z < 3.0 899

Fig. 3. Hydrogen and metal absorption lines associated with the zabs = 2.735 system towards HE 2347–4342 (histograms). Synthetic profiles
corresponding to the recovered ionizing spectrum (dashed line in Fig. 4) are plotted by the smooth curves. The physical parameters are listed in
Table 1, Col. 2. Bold horizontal lines mark pixels included in the objective function of the MCI procedure. The zero radial velocity is fixed at
z = 2.73576. The central positions of blends are indicated by tick marks.

Fig. 4. The ionizing background spectrum predicted for z = 3 and z = 2
in HM (thick and thin solid lines, respectively) and the spectra restored
for z = 2.73 (dashed lines) and z = 1.79 (dotted line). The normalization
is the same as in Fig. 1.

of the absorbing gas which is another argument against the asso-
ciated nature of the zabs = 2.944 system.

Test calculations with the HM ionizing spectrum confirmed
the metallicity of 0.001 Z�. However, with this spectrum the
calculated intensity of the C iii line in the range −70 < v <
70 km s−1 was significantly less than observed. Since the po-
sition of this line is in the Lyα forest, possible blends should be
taken into account. We do not find any metal absorption contam-
inating the C iii line. The only candidate for blending could be a

hydrogen absorption at zabs = 2.17. If we assume that observed
profile is mainly caused by this hydrogen absorption, then the
kinetic temperature of the gas estimated from the line width is
Tkin ≤ 32 000 K. This implies that the ionization parameter U
is less than 0.02 (for metallicity [Z] < −1.5, since there are no
metal lines detected at zabs = 2.17) and the linear size of the pu-
tative H i absorber does not exceed 0.5 kpc. Such small cloud
would hardly survive in the IGM. Another argument in favor
of C iii is the comparison with the Si iii line: both lines have
similar widths (FWHM = 40 km s−1 and 36.5 km s−1) and the
same asymmetry. Thus, we can assume with high probability
that the absorption at −70 < v < 70 km s−1 is indeed caused by
C iii from the zabs = 2.944 system. In this case only a spectrum
with a significant flux depression between 3 and 4 Ryd makes it
possible to fit adequately all observed lines.

The reconstructed spectral shape of the UVB is shown in
Fig. 9 by the dotted line, the corresponding physical parameters
are given in Table 2, Col. 2, and the synthetic profiles are plotted
by the solid lines in Fig. 8.

Here we find again a spectrum similar to that from the zabs =
2.9171 system (HE 0940–1050, Paper I): its shape reflects both
the external (GP depression) and local effects (an enhanced
emission peak at 3 Ryd and a sharp break at 4 Ryd) arising from
the reprocession of the incident ionizing radiation by the absorb-
ing cloud itself.

The He ii Lyα opacity is estimated as τHe II
GP = 2.5 ± 0.2. The

predicted value for the He ii column density is 8.5 × 1018 cm−2

which gives η = 85.

The ratio [Si/C] = 0.06, but as mentioned in Sect. 3.1.1 the
actual value may be 0.2 dex higher: [Si/C] <∼ 0.26.

A significant relative underabundance of nitrogen, [N/C] <
−0.3, is also worth noting for this system.
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default Introduction: Inhomogeneities in the UV Background

Gunn-Peterson Trough in HE2347-4342
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default η: The Opacity Ratio of He ii to H i

η: The Ratio of He ii to H i

η = NHe ii
NH i

≈ 4τHe ii
τH i

Density independent
Large η: soft radiation
Small η: hard radiation
η sensitive on

Mpc scales to the locations of transverse quasars
smaller scales to thermal broadening, galactic outflows, and proximity to

local galaxies
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–in the fluctuation Gunn-peterson approximation eta is defined as:
–He II probes UVB and IGM density 
–H I absorption is an excellent probe of IGM density




default η: The Opacity Ratio of He ii to H i Measuring η

Measuring η on Large Scales

Small η: hard radiation
Large η: soft radiation

η = NHe ii
NH i

≈ 4τHe ii
τH i

HE 2367-4342

Measuring He Ly-α to H Ly-α (η) ratio smoothed on > 1 Mpc scales.
Data from Hubble COS (for He) and UVES/HIRES (H)
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default Measuring Metals in the IGM Techniques

Measuring Metals in the IGM
Pixel Optical Depth Techniques (Songaila et al. 1995; Schaye et al. 2003)
A example (simulated) Ly-α forest in a quasar spectrum

with an OVI forest (5 times ionized oxygen)

zO vi zH i

8 Matthew M. Pieri and Martin G. Haehnelt

Figure 6. Right: the τOVI,app − τLyα relation for observed and simulated synthetic spectra for four QSOs; this is shown for synthetic
spectra with both the best best fitting constant ratio of nOvi/nHi and with no O vi . Left: the effect of varying (n/n̄)cut on synthetic
spectra of Q1107 compared to the τOVI,app − τLyα relation of the observed spectrum.

c⃝ 2003 RAS, MNRAS 000, 1–11

Pieri & Haehnelt (2004)
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–Pioneered by Songaila1995 and later refined by Schaye2003,Aguirre2002,




default Measuring Metals in the IGM Techniques

Measuring Metals in the IGM
Pixel Optical Depth Techniques (Songaila et al. 1995; Schaye et al. 2003)
A example (simulated) Ly-α forest in a quasar spectrum

with an OVI forest (5 times ionized oxygen)

zO vi

zH i
8 Matthew M. Pieri and Martin G. Haehnelt

Figure 6. Right: the τOVI,app − τLyα relation for observed and simulated synthetic spectra for four QSOs; this is shown for synthetic
spectra with both the best best fitting constant ratio of nOvi/nHi and with no O vi . Left: the effect of varying (n/n̄)cut on synthetic
spectra of Q1107 compared to the τOVI,app − τLyα relation of the observed spectrum.
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–Pioneered by Songaila1995 and later refined by Schaye2003,Aguirre2002,




default Measuring Metals in the IGM Techniques

Measuring Metals in the IGM
Pixel Optical Depth Techniques (Songaila et al. 1995; Schaye et al. 2003)
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–Pioneered by Songaila1995 and later refined by Schaye2003,Aguirre2002,




default Measuring Metals in the IGM Pixel Optical Depth in the Gunn-Peterson Trough

POD in the Gunn-Peterson Trough: O vi
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default Measuring Metals in the IGM Pixel Optical Depth in the Gunn-Peterson Trough

POD in the Gunn-Peterson Trough: C iv
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Schaye2003 no significant evolution in z



default Measuring Metals in the IGM Pixel Optical Depth in the Gunn-Peterson Trough

POD in the Gunn-Peterson Trough: Si iv
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default Measuring Metals in the IGM Measurements of UVB Soft/Hard Split

UVB Soft/Hard Split: Raw POD

Statistical measurement of O vi absorption cut by high/low η.
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default Measuring Metals in the IGM Analysis of Soft/Hard Split

Soft/Hard Split as a Function of Scale: O vi
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–Recent modifications to our technique
–We are still analyzing the meaning of the negative dtau
–Still showing the picture of an offset at low scales from the plateau at high scales




default Measuring Metals in the IGM Analysis of Soft/Hard Split

Soft/Hard Split as a Function of Scale: C iv
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–still a little bit of a signal, but very close to He-ionization



default Measuring Metals in the IGM Analysis of Soft/Hard Split

Soft/Hard Split as a Function of Scale: Si iv
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–Inverse relation to OVI, expected because it is on opposite side of He-ionization Energy



default Measuring Metals in the IGM Variable Soft/Hard Splits

Variable Soft/Hard Splits in O vi
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amount of pixels lumped in harder bin increases so it blurs the drop to higher scales



default Summary

Summary

Difference in Metal (O vi & C iv) Column Densities in and out of
Gunn-Peterson Trough
Seems to supports claim that η actually probes large scale effects
rather than just noise (which has been source of controversy)
(Potential) future work:

Comparison with simulations
Better S/N UV data for additional He ii Quasars
Quasars positions in large surveys
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