RevMexAA (Serie de Conferencias), 23, 122–123 (2005)

THE BLACK HOLE MASS - GALAXY BULGE RELATIONSHIP FOR QSOs IN THE SDSS DR3

S. Salviander,^1 G. A. Shields,^1 and K. Gebhardt^1

We investigate the relationship between black hole mass, M_{BH}, and host galaxy velocity dispersion, σ_∗, for QSOs in Data Release 3 of the Sloan Digital Sky Survey. For redshifts z < 0.5, our results agree with the M_{BH} − σ_∗ relationship for nearby galaxies. For 0.5 < z < 1.19, the measured σ_{[O III]} and σ_{[O II]} are narrower on average than what we expect from the M_{BH} − σ_∗ relationship by ∼ 0.13 dex. Pending analysis of selection effects, we consider this an upper limit for evolution of the M_{BH} − σ_∗ relationship between redshift z ≃ 1 and the present. Within this limit, this suggests either that black holes and bulges grow concurrently or that both black holes and bulges have completed their growth by redshift z ≈ 1. This material will be presented in more detail in Salviander et al. (2006).

Recent work has established that the mass of a supermassive black hole, M_{BH}, correlates with properties of the host galaxy’s bulge, especially the stellar velocity dispersion, σ_∗ (Gebhardt et al. 2000; Ferrarese & Merritt 2000; Kormendy & Gebhardt 2001). Tremaine et al.(2002) give this relationship as

M_{BH} = (10^{8.13}M_⊙)(σ_∗/200 km s^{−1})^{4.02}. (1)

Studying the evolution of this relationship over cosmic time may yield clues as to its origin.

Shields et al. (2003, “S03”) used QSO emission lines to study the M_{BH} − σ_∗ relationship for large lookback times. The black hole “photoionization mass” (based on Kaspi et al. 2000) was derived from

M_{BH} = (10^{7.69} M_⊙)v^2_{3000}L^{0.5}_{44} , (2)

where v_{3000} ≡ FWHM(Hβ)/3000 km s^{−1} and L_{44} ≡ νL_ν /(10^{44} erg s^{−1}), the continuum luminosity at 5100 Å. Following Nelson (2000), σ_∗ was estimated as σ_{[O III]} = FWHM([O iii])/2.35. S03 found little change in the M_{BH} − σ_∗ relationship from redshifts z ≈ 2 to today. However, they had only a small sample of high redshift objects and none in the range

1Department of Astronomy, University of Texas, Austin, Texas, USA.

Fig. 1. The MBH − σ∗ relationship. MBH is derived from FWHM of Hβ or Mg ii and νLν (5100) or νLν (4000); σ∗ is derived from FWHM of [O iii] or [O ii]. Open and closed circles show data for the HO3 and MO2 samples, respectively. The solid line is the Tremaine relationship for nearby galaxies (1) and is not a fit to the data.

0.3 < z < 1.1. Here we use the Sloan Digital Sky Survey^2 Data Release 3 (SDSS DR3) (Abazajian et al. 2005) to study the M_{BH} − σ_∗ relationship at redshifts up to z ≃ 1.2.

We have analyzed the DR3 QSO spectra with the aid of an automated spectrum fitting program. A lower-redshift sample (0.10 < z < 0.80) was used for study of the M_{BH} − σ_∗ relationship using Hβ and [O iii] (the “HO3” sample). A higher redshift sample (0.46 < z < 1.19) was chosen to study the M_{BH} − σ_∗ relationship using Mg ii and [O ii] in place of Hβ and [O iii], and the continuum luminosity at 4000 Å scaled to 5100 Å by assuming a power law function fitted by Vanden Berk et al. (2001) for SDSS quasar composite spectra, F_ν ∝ ν^{−0.44} (the “MO2” sample). The algorithm fit the selected lines and continuum wavelengths, and the line FWHM was determined from the fits. Data with poor error bars were discarded, and the remaining fits were inspected vi-

2The SDSS Web site is http://www.sdss.org/ 122

BLACK HOLE MASS - GALAXY BULGE RELATIONSHIP FOR QSOs 123

Fig. 2. Redshift dependence of Δ log MBH for the HO3 and MO2 samples. Open circles are the HO3 data; closed circles are the MO2 data.

sually for reliability. The widths of Mg ii and Hβ agree closely in the mean, as do those of [O ii] and [O iii], supporting the use of Mg ii and [O ii] at higher redshifts (see also McLure & Jarvis 2002).

The M_{BH} −σ_∗ relationship for both the HO3 and MO2 samples is shown in Figure 1. For low redshifts, the results are consistent with the findings of S03 based on Hβ and [O iii]. For higher redshifts, the mean σ_{[O III]} and σ_{[O II]} depart from the σ_∗ expected from the M_{BH} − σ_∗ relationship for nearby galaxies, in the sense that σ_{[O III]} and σ_{[O II]} are too small.

A measure of the evolution of the M_{BH} − σ_∗ relationship with lookback time is shown in Figures 2 and 3. We compare M_{BH} calculated with Equation 2 to the “[O iii] mass” of S03—that is, M_{BH} calculated with Equation 1 using σ_{[O III]} in place of σ_∗. The mean Δ log M_{BH} ≡ log M(Hβ) - log M([O iii] is +0.14 for the HO3 sample, but this offset is comparable to the calibration uncertainties of Equation 2. The MO2 sample shows a mean Δ log M_{BH} of +0.40 dex.

At face value, Figures 2 and 3 indicate that Δ log M_{BH} evolves slightly for z > 0.5, both for the MO2 sample and the higher redshift objects in the HO3 sample. It is possible that the ∼ 0.5 dex rise in Δ log M_{BH} with redshift is due the effect of the limiting magnitude of the sample survey or to inadvertent exclusion of objects with large σ_{[O III]} or σ_{[O II]} for z > 0.5, with wider lines being more difficult to measure in noisy spectra. A study of the possible biases is currently under way.

Fig. 3. Mean Δ log MBH as a function of redshift. Large open and closed circles show the average Δ log MBH in redshift bins Δz = 0.1 for the HO3 and MO2 samples, respectively. The error bars show the standard error of the mean.

We thank Erin Bonning for providing the program for computing simulated spectra, and Bev Wills for helpful discussions. This work was supported by Texas Advanced Research Program grant 003658-0177-2001, by NSF grant AST-0098594, and by Space Telescope Science Institute grant GO- 09498.04-A.

REFERENCES

Abazajian, K., et al. 2005, AJ, 129, 1755 Ferrarese, L. & Merritt, D. 2000, ApJ, 539, L9 Gebhardt, K., et al. 2000, ApJ, 539, L13 Kaspi, S., Smith, P. S., Netzer, H., Maoz, D., Jannuzi, B. T., & Giveon, U. 2000, ApJ, 533, 631 Kormendy, J. & Gebhardt, K. 2001, AIP Conf. Proc. 586:

20th Texas Symposium on relativistic astrophysics, 586, 363 McLure, R. J., & Jarvis, M. J. 2002, MNRAS, 337, 109 Nelson, C. H. 2000, ApJ, 544, L91 Salviander, S., Shields, G. A., & Gebhardt, K. 2006, ApJ, in prep.

Shields, G. A., Gebhardt, K., Salviander, S., Wills, B. J., Xie, B., Brotherton, M. S., Yuan, J., & Dietrich, M. 2003, ApJ, 583, 124 Tremaine, S., Gebhardt, K., Bender, R., Bower, G., Dressler, A., Faber, S. M., et al. 2002, ApJ, 574, 740 Vanden Berk, D. E., et al. 2001, AJ, 122, 549