Hubble Space Telescope ultraviolet
spectroscopy: of blazars: emission
lines properties and black hole
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Table 1. Parameters of Blazars observed with HST FOS

Object

Alt. Name

i
'B-V

Date

Rangeb

o
B

d
-f135'1:l

BLO403-15316
BLO420-0127
BLO537-4406
BLO637-7513
BL0934+5537
BL1144-3755
BL1136+2931
BL1226+0219

BL1229-0207
BL1253-0331
BL1611+3420
BL1641+3934

BL2223-0512
BL2230+1128
BL2243-1222
BL2251+1552

4C 3517

3C 279
DA 406
3C 345

3C 446
CTA 102

3C 4543

0.058
0.125
0.037
0.095
0.0088
0.097
0.019
0.02

0.032
0.028
0.018
0.013

0.075
0.072
0.051
0.105

11.4 Oct 1991
23.5 Dec 1996
16.7 Sep 1993
25.6 May 1992
20.9 Jan 1993
15.6 Jul 1993

26.7 Feb 1995
16.8 Jan 1991
09.4 Jul 1991

01.1 Jan 1995
08.3 Apr 1992
04.9 Apr 1992
07.9 Jun 1992
20.4 Aug 1995
11.8 Sep 1991
12.1 Sep 1991
09.4 Oct 1993
11.9 Sep 1991
15.3 Nov 1991
19.4 Aug 1995

1570-4780
2220-3280
2220-3280
1610-3270
1570-3280
2220-3280
1620-4780
1090-3280
1290-3290
1570-3280
1570-4780
2220-4780
1600-4770
1570-4800
2220-4780
2220-4780
1610-3270
1620-4770
1620-3270
1700-4800

1.20 £ 004
0.00 £ 0.22
0.07 £ 0.20
1.25 £ 0.06
0.31 £+ 0.05
0.20 £ 0.23
0.52 £ 0.04
1.65 £ 0.04
1.35 £ 0.06
0.81 £ 0.12
0.18 £ 0.03
0.91 £ 0.05
0.65 £ 0.04
0.496 £ 0.16
0.00 £0.11
1.13 £ 0.06
1.59 £ 0.07
0.90 £ 0.04
0.51 £ 0.10
1.08 £ 0.09

198
0.80
1.64
53.64
0.60
142
8.29
245
117
2.58
1.54
0.81
3.03
0.43
0.35
195
3.18
2.86
4.35
1.72

© From the maps of Schlegel et al. {1998).

b Observed wavelength range. in A

© Spectral index of the power-law fitted to the dereddened spectra (fy oc A7),

4 Normalization of the dereddened power-law continuum at 1350 A (rest frame), in 10" 1% erg s~ em—2 A
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Table 2: Emission Lines Measurements

Object z Lyg® Lya® Si IV CIv C 111 Mg IT
EW? FWHM® EW FWHM EW FWHM EwW FWHM EW FWHM EW FWHM

BL0403-1316 0.571 - - 135+ 4 14 9.8 +0.7 22 128 +4 17 26+ 1 18 33+3 30
BL0420-0127 0.915 - - 105+ 6 11 7.2+0.8 19 56 + 2 17 - - - -
BL0537-4406 0.896 - - 20 + 2 12 1.7+04 13 11.4+0.7 11 - - - -
BL0637-7513 0.656 11+2 15 89 + 2 11 45+1 19 43+ 2 11 12+1 13 - - -
BL0954+5537  0.901 - - 40+1 11¢ - - 25+ 1 12¢ - - - -
BL1144-3755 1.048 - - 41+£0.6 14 - - 46+0.8 14 - - - -
BL1156+2931  0.729 - - 12.0+£0.8 18 1.1+0.3 20 8.5+0.5 26 - - - -
BL1226+0219 0.158 2.6+0.5 15 52+ 2 12 - - 26.8 £0.9 18 88+0.3 19 6.6 £ 0.5 24
BL1226+0219¢ 0.158 - - 43+ 3 14 - - 31+2 19 9.1+0.6 24 8.5+ 0.6 25
BL1229-0207 1.045 12+1 13 9444 13 574+0.5 25 42+ 2 19 - - - -
BL1253-0531 0.538 - - 22+1 13 - - 20+ 1 20¢ 3.9+0.5 15 6.4+ 0.5 24
BL1611+3420 1.401 18+ 2 26 58 + 2 14 6.3+0.9 27 48 + 2 24 T+1 34 - -
BL16414+3954  0.595 - - 67+ 3 15 6t1 20 1+3 24 14.8 £ 0.9 21 22+ 1 39
BL1641+39549 0.595 - - 149 + 36 14 16 £5 28 150 + 16 22 45+ 8 27 91+19 25
BL2223-0512 1.404 23+2 15 120+ 3 10 - - 58+ 5 19 14+3 40 - -
BL2230+1128  1.037 - - T+ 2 13 2.9+0.4 19 20+ 1 15 10.8 £ 0.6 21 - -
BL2243-1222 0.63 16 £2 13 102 £ 2 10 8.5+0.7 19 55+ 1 12 13.3+0.6 13 - -
BL2251+1552" 0.859 15+1 12 89 + 2 11 3.2+0.5 25 31.8+0.8 16 13.4+0.7 24 - -
BL2251+1552! 0.859 8.34+0.7 11 50+ 1 14 - - 16.8+ 0.4 14 - - - -
BL2251+15527  0.859 - T4+£7 11 - - 36+ 3 18 12+2 18 -

@ The Lya and Lyf line EW measurements may have a residual contamination by the N V A1240 and O VI A1034 lines, respectively. This poss1ble
contamination does not exceed ~10%. We have deblended the contamination in the FWHM measurements.

b At rest frame, in A. Uncertainties on the FWHM values are about 15%.

¢ This line has an asymmetric profile, with a more prominent red wing.

416.8 Jan 1991.

¢ 9.4 Jul 1991.
f7.9 Jun 1992.

9 20.4 Aug 1995.
h'11.9 Sep 1991.
i 15.3 Nov 1991.
719.4 Aug 1995.
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Figure 1. Composite UV spectrum of blazars obtained from the average of 16 spectra. The most prominent emission lines are labeled.
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Figure 2. Luminosities of C IV A1549 and Lyc emission lines for the
blazars in our list (filled circles). Line measurements of a given source at
multiple epochs have not been averaged. The Lycr and C IV A1549 emission
line intensities have been normalized to their respective average values. The
solid line is the expected C IV A1549 to Ly intensity ratio (L(C IV A1549)

(Lycv), e.g. Francis et al. 1991). The dashed line is the least square
regression line L(C IV A1549) = 8§ (Lya)P-73). For comparison, the
line luminosities of 19 RLQ (open circles) from Wills et al. (1995) and of
3C 390 (triangle) are also shown.
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Emission Line Properties

Table 3. Composite ultraviolet blazar spectrum.

Line EW? FWHM?®  Rel. Intensity?  Ratio® Ratio (LBQS)?  Ratio (RLQa)®  Ratio (RLQb)/
Iy3 6.5+0.5 10 8.9 4+ 0.5 10.6 9.3 19 19.1

Lya 71+3 22 84+ 3 100 100 100 100

SilV.  52+0.7 21 5.6 +0.7 6.6 19 6.8 8.6
CIV 45 + 2 20 45+ 1 53 63 66 52

C I11] T+1 23 6.6 +0.7 7.8 29 11 13.2
MgIl  19+2 30 16 + 1 19 34 24 22.3

@ At rest frame, in A. Uncertainties are about ~15%.

b Obtained from EW and continuum normalized to the flux at 1500 A (rest frame).

© Average percentage intensity ratio with respect to Ly as resulting from our measurements.
4 Same as in Col. 5 for 718 objects in the Large Bright Quasar Survey (Francis et al. 1991).

¢ Same as in Col. 5 for for 60 radio loud quasars (Zheng et al. 1997).

f Same as in Col. 5 for 107 radio loud quasars (Telfer et al. 2002).
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Emission Line Properties
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Black Hole Masses
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Size of the BLR
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Figure 4. Size of the BLR as a function of the continuum power output
at 1350 A (rest frame) for the sample of PG quasars (filled circles) and
Seyfert 1 galaxies (open circles) of Kaspi et al. (2000). The encircled point
on the top right represents 3C 273. The luminosities have been taken from
Vestergaard (2002). The line fitting the 2 quantities (Eq. 3) is also reported
(dotted).
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Size of the BLR
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Mass Estimates
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Table 4. BLR Luminosities and Central Black Hole Masses.

: b e N pd ] \val 79
Object Lerr  BprLr RBLR,SED Mgy -'UJEBH,LL Mgy wo -'UBH,W

BL0403-1316 22.6 145 2.4
BL0420-0127 18.7 145 438 2.3
BL0537-4406 6.93 77 211 0.5
BL0637-7513 50.2 285 1.9
BL0954+5537 5.38 66 312 0.5
BL1144-3755 2.45 34 0.4
BL1156+2931 13.7 115 158 4.3
BL1226+0219 33.8 219 17 4.0
BL1229-0207 74.1 357 117 7.4
BL1253-0531 2.42 36 104 0.8
BL1611+3420 34.1 196 92 6.2
BL1641+3954 12.5 92 2.7
BL.2223-0512 25.2 150 2.8
BL2230+1128 41.4 260 : 3.1
BL.2243-1222 47.8 271 2.1
BL2251+1552 33.3 223 29 3.1

¢ Luminosity of the BLR. in units of 10%* erg s—1.

b Size of the BLR computed via Eq. 3. in light days.

¢ Size of the BLR computed using the SED method. (Eq. 4). in light days.

4 Mass of the central BH computed using Eq. 5, in units of 10% M - The statistical uncertainties, dominated
by the scatter of Eq. 3, are about a factor 2.

© Mass of the central BH from Liang & Liu (2003).

f Mass of the central BH from Woo & Urry (2002). ]

9 Mass of the central BH from Wang et al. (2004). Pian et. al. 2005
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