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6. Lyα Absorber Two-Point Correlation Function

The two-point correlation function (TPCF, ξ) can be estimated from the pair counts of Lyα
absorption lines along each line of sight in our data according to :

ξ(∆v) =
Nobs(∆v)
Nran(∆v)

− 1 . (20)

Here, Nobs is the number of observed pairs and Nran is the number of pairs that would be ex-
pected randomly in the absence of clustering, in a given velocity difference bin, ∆v. We determine
Nran from Monte Carlo simulations based upon our determined number density, ∂2N/∂z ∂NHI ,
as well as the wavelength extent and sensitivity limit of our observations. Like the pathlength
normalization vector, we include only those portions of the spectra not obscured by Galactic lines,
non-Lyα lines, and spectral regions blueward of czem– 1,200 km s−1 of the target.

At each position along the spectrum, the probability of finding an absorber is calculated by:

P (λ) =
∫
z

∫ ∞
Nmin(λ)

∂2N
∂z ∂NHI

dNHI dz ≈ ∆z(λ)
∫ ∞
Nmin(λ)

CHI N
−β
HI dNHI , (21)

where Nmin(λ) is based upon the sensitivity limit of the spectrum. The integral in z can be
replaced by the z width of each pixel, ∆z(λ), since there appears to be no z evolution between
0.002 < z < 0.069 (i.e., γ = 0). The quantities β and CHI were taken from our expanded
sample over 12.2≤ log [NHI ]≤16.0 for b=25 km s−1, and have values of 1.68± 0.05 and 10.9± 0.7,
respectively. The probability, P (λ), is then compared to a uniformly distributed random number. If
the probability exceeds the random number, an absorber is inserted into the Monte Carlo simulation
at this position (λ). To correct for blending effects, once an absorber is inserted into the Monte
Carlo simulation, P (λ) is set to zero for the adjacent 12 pixels. This corresponds to 2.5 resolution
elements or ∼ 50 km s−1, since no pairs were observed at our resolution with separations less than
50 km s−1. Undoubtedly, such closer pairs exist, but at our resolution we are insensitive to them.
The median b-value for our combined pre- and post-COSTAR SL ≥ 4σ sample is ∼ 38 km s−1,
corresponding to a Gaussian width (WG) of 27 km s−1. One would expect to begin resolving pairs
separated by two Gaussian widths, which is in agreement with our observed 50 km s−1 cutoff.
Our pre-COSTAR b-values have a higher median value of ∼ 60 km s−1, or a Gaussian width WG

∼ 42 km s−1. Therefore, in our Monte Carlo simulations, we may slightly overestimate the number
of random pairs ≤ 70 km s−1 in the pre-COSTAR sample, or underestimate ξ in our lowest velocity
bin. For each sightline, we performed 1,000 simulations (Ns) and combined them to form Nran.
The error in Nran(∆v), denoted σran, is taken to be

√
Nran(∆v). For proper scaling of ξ(∆v), both

Nran(∆v) and σran are normalized by Ns.

Table 6 lists all absorber pairs with velocity separations of 50 ≤ ∆v≤ 150 km s−1, and Fig-
ure 20 displays the results of our TPCF analysis, ξ(∆v). Table 6 lists by column: (1) The central
wavelength of the line pair; (2-3) the wavelength and rest-frame velocity separation of the pair;
(4-5) the equivalent widths of the two absorbers; (6-7) the observed b-values of the two absorbers;
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and (8) the target sightline. The distribution drawn with a solid line in the upper panel displays
the number of observed Lyα pairs with the indicated velocity separations (∆v) uncorrected for the
varying wavelength coverage and spectral availability of our observations. The velocity separations
between any two absorbers along the same line of sight are calculated by:

∆v =
c∆z

1 + 〈z〉 , (22)

where ∆z = z2 − z1 = (λ2 − λ1)/1215.67 Å and 〈z〉= (z2 + z1)/2. One concern is that we might
have misinterpreted weak metal lines as Lyα absorbers. The vertical dotted lines in Figure 20
indicate the rest-frame separations between Lyα and expected metal lines, indicating that this is
not a concern, except perhaps for the velocity separations near 2,300 km s−1. The dotted line
is the random distribution, Nran(∆v), which accounts for the varying sensitivity and wavelength
coverage of our observations, and leads to ξ(∆v) which is displayed in the bottom panel. The
velocity separation bins in Figure 20 are c∆z= 100 km s−1.

The peak in ξ(∆v) at ∆v∼ 8,000 km s−1 is due to a cluster of lines in the upper portion
(λ > 1280 Å) of the PKS 2155-304 spectrum around cz≈17,000 km s−1 (Shull et al. 1998). This
cluster, combined with absorbers from the low wavelength portion of the PKS 2155-304 spectrum,
creates a peak in the TPCF that is atypical of the rest of our sample. Figure 21 presents the TPCF
with the upper portion of the PKS 2155-304 spectrum excluded. Based upon lower resolution
data (Bruhweiler et al. 1993), the PKS 2155-304 spectrum was obtained to study this cluster of
absorbers around 1290 Å. Because of these special circumstances, it is not unreasonable to exclude
this portion of our sample from our TPCF analysis.

Four possible features of Figure 21 are of particular interest: the excess at ∆v∼ 100 km s−1,
the excess at ∆v∼ 500 km s−1, the deficit at ∆v∼ 850 km s−1, and the deficit at ∆v∼ 1,700 km
s−1. Figure 22 was constructed with bin size ∆v= 70 km s−1 to show the effects of different binning
of ξ(z). Calculating the significance of any peak or deficit in the TPCF is achieved by summing
ξ/σξ. For 70 km s−1 bins, the significant departures are at:

• 50-150 km s−1, (0.7–2.1 h−1
70 Mpc), 3.3σ (2.9σ for 100 km s−1 bins)

• 470-540 km s−1, (6.7–7.7 h−1
70 Mpc), 1.2σ (1.6σ for 100 km s−1 bins)

• 820-890 km s−1, (11.7–12.7 h−1
70 Mpc), −1.5σ (−3.3σ for 100 km s−1 bins)

• 1650-1750 km s−1, (21.7–22.7 h−1
70 Mpc), −2.1σ (−3.3σ for 100 km s−1 bins)

Ulmer (1996) calculated the TPCF for Lyα lines with W >240 mÅ in the range 0 < z < 1.3
using data from the HST/FOS Key Project (Bahcall et al. 1993, 1996). He concluded that the
W >240 mÅ local Lyα forest is clustered on the scale of ∆v< 500 km s−1, with amplitude ξ(250-
500 km s−1) = 1.8+1.6

−1.2. The deficit in ξ(∆v) at ∆v∼ 1,700 km s−1 is also present in the FOS
data, but is unexplained by Ulmer (1996). Interestingly, when metal-line systems are included in
Ulmer’s analysis, this deficit mostly vanishes.
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Table 6: Lyα Line Pairs with Velocity Separations of 50–150 km s−1

λcen ∆λ ∆V W1 W2 b1 b2 Sightline
(Å) (mÅ) (km s−1) (mÅ) (mÅ) (km s−1) (km s−1)

1224.77 0.36 88 29 33 59 54 3C273
1247.76 0.37 87 24 150 40 31 AKN120
1248.07 0.24 57 150 69 31 29 AKN120
1247.88 0.62 144 24 69 40 29 AKN120
1247.42 0.31 73 21 24 39 40 AKN120
1264.89 0.42 95 13 17 31 21 FAIRALL9
1252.34 0.30 69 62 23 37 26 H1821+643
1245.21 0.47 111 26 304 22 50 H1821+643
1247.66 0.58 134 27 68 39 36 H1821+643
1247.48 0.22 51 27 40 39 25 H1821+643
1247.77 0.35 83 40 68 25 36 H1821+643
1247.46 0.30 71 45 15 30 32 MARK279
1241.75 0.29 68 58 38 24 25 MARK279
1232.59 0.40 95 54 64 22 34 MARK290
1245.69 0.33 78 19 17 18 17 MARK290
1236.60 0.60 142 208 24 84 28 MARK817
1226.65 0.62 149 42 36 62 66 PKS2155-304
1252.72 0.51 118 16 25 30 74 PKS2155-304
1238.56 0.22 52 29 39 36 33 PKS2155-304
1236.21 0.43 102 83 222 60 81 PKS2155-304
1235.87 0.25 59 65 83 69 60 PKS2155-304
1222.59 0.32 78 386 242 56 42 Q1230+0115
1222.99 0.46 113 242 142 42 50 Q1230+0115
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At high redshifts, there have been numerous reports of marginal detections of excess power in
the TPCF at ∆v≤ 150 km s−1 (Chernomordik 1995; Hu et al. 1995; Kulkarni et al. 1996; Lu et al.
1996), as well as reports of non-detections over the same scales (Pettini,et al. 1990; Rauch et al.
1992). Impey, Petry, & Flint (1999) recently constructed a TPCF for z∼ 0 Lyα lines that showed
no excess power at ∆v≥ 500 km s−1 using GHRS/G140L data. The 3.3σ peaks in our low-z TPCF
figures at ∆v∼ 100 km s−1 are at the same ∆v and of the same significance as the 2-3σ peaks
at high redshift. Because this peak occurs at small separations, close to our resolution limit, it is
the least likely feature to be caused by the limited wavelength coverage of our spectra. It is also
unrelated to the velocity bin size, since different bin sizes do not alter its significance appreciably.
Since no other low-z study has the velocity resolution required to see this peak clearly, the line
pairs in Table 6 would not be fully resolved by HST/GHRS G140L or FOS spectra like those used
by Impey, Petry, & Flint (1999) and Weymann et al. (1998). Therefore, we believe that the TPCF
of the Lyα forest at low-z has the same general characteristics as at high-z.

Due to the rather complex detection limit of our spectra, we are less confident of the reality of
the possible excess at ∆v=450-550 km s−1 and the possible deficits at ∆v=850 - 1,000 km s−1 and
∆v=1,650 - 1,750 km s−1 visible in the TPCF figures. These features do not appear to be present
in either high-z (Rauch et al. 1992) or low-z (Impey, Petry, & Flint 1999) studies. However, if
these features are real, they may be related to the local widths of filaments (∆v=450-550 km s−1)
and galaxy voids (∆v=850 - 1,750 km s−1), since there is a possible excess of Lyα clouds associated
with filaments compared to voids (Stocke et al. 1995; Shull, Stocke, & Penton 1996). However,
these features do not appear in galaxy-galaxy TPCF’s along our sightlines (see, Penton, Stocke, &
Shull 2000).

In HST cycle 7, our group has observed 13 sightlines with the STIS/G140M, which has com-
parable resolution to GHRS/G160M. These data should approximately double the number of Lyα
absorbers in our sample, and thus provide further information on the validity of the features in the
TPCF. We will report on the full-sample TPCF in a later paper (Penton, Stocke, & Shull 2000,
Paper IV).
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Fig. 20.— Two-point correlation function (TPCF, ξ) of the Lyα absorbers as a function of veloc-
ity pair separation, ∆v, in 100 km s−1 bins. In the upper panel, the solid line gives the number
of observed Lyα pairs, Nobs(∆v), uncorrected for the varying wavelength coverage and spectral
availability of our observations. The vertical dot-dashed lines are the ∆v separations between Lyα
Si III λ1206.5, N V λλ 1238, 1242, S II λλ 1250, 1253, 1259, and Si II λ1260.4 + Fe III λ1260.5. The
dotted distribution is the random distribution, Nran(∆v), accounting for the varying available spec-
tral regions. Bottom panel displays the corrected TPCF, ξ(∆v). The ξ(∆v) peak at ∆v∼ 8,000 km
s−1 is due to a cluster of lines in a portion (λ >1280 Å ) of the PKS 2155-304 spectrum.
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Fig. 21.— Two-point correlation function as explained in Figure 20. The upper portion (λ >

1280 Å) of the PKS 2155-304 spectrum has been removed. The velocity separation (∆v) bins are
100 km s−1.
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Fig. 22.— Two-point correlation function as explained in Figure 20, with velocity separation (∆v)
bins of 70 km s−1; each bin is 1 h−1

70 Mpc. The upper portion (λ > 1280 Å) of the PKS 2155-304
spectrum has been removed.


