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Quasar Outflows
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Using quasar absorption lines

to study ouflows !
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Quasar Absorption Line

Intervening Absorption Lines
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Quasar intrinsic absorption lines: BALs, mini-BALs and NALs

AL via outflows

Hamman et al. (2012) Beesging 1[_' * Misawa, Astronomical BAL |
filled circle: outflows N, M —h‘*'q monthly report, 2007
Outflow NALs? Xvabs M, [l
" M
WS N | M
. Outflow Gas s > FWHM = 2000km/s e
/ L -
[ ] . / ;/ ’,/.- » L |I | | |
[} E I e 0 e BALs? .
Wi el g e
n
.;\ﬁ?ﬁ @'_l.. 0 S im\\nf" [. .
=0 0 o £ VoW \’ | '“M o~
.'. e '. \ SMBH £ . |
8 ..-. ..l... -~ 57 annkmie .
o 0 Broad ‘o ot I ofquasars | E - 5000km/s < FWHM < 500 km/s
¢ 1ave a audasar- _ ) I
BALs. The main current of outﬂow study - | " NAL

ety .a-\_n._r.ua..-___f”._.u-..,-_'muh. J}J\_l._-.,J""-'l.-\_"l\_'u-\,_.,“n__ul_;g— i
mini-BALs and NALs: They are attracting _ | -
attention in recent year ) 'U |

Estimation of physical parameters is possible ! - | FWHM < 500 kmy/s | -

Velocity Width (km/ )



About Broad Absorption Lines (BALs)

e Definition for BALs: Balnicity Index (Weymann et al. 1991)

normalized spectrum

/

Umax f ( ,U)
Bl = / (1 — > Cdv 1 . Quantity in brackets is continuously
v O : 9 \ greater than zero for more than

min
0. otherwise

 Velocities are usually set to 3,000 and 25,000 km/s

™~

To avoid ambiguities with Si IV

To avoid strong absorption complexes e .
emission and absorption

around blueward of C IV emission

* Bl(maximum) - 20,000 km/s (=25,000-3,000- ) km/s
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Samerr et al. (2018) : ABSTRACT

e Theme: X-ray and optical/UV study of eight BAL to non-BAL transforming quasars at z~
1.7-2.2 over 0.29—-4.95 rest-frame years.

SDSS, BOSS, Gemini, and ARC 3.5-m (optical), Chandra (X-ray)

New Chandra observations show o,y and Ao,y of are consistent with those

—29 4

* (At least) The X-ray absorbing material moving out of the —281
line-of-sight, leaving an X-ray unabsorbed non-BAL quasar. 2
s 267
_25 -
» The UV absorber might have become more highly ionized 5.
( ) or aISO moved Out Of =231 % Chandra Cycle 16 transforming BAL quasars
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Flux Density F, (10 " ergscm 2s ! A1)

An Example of non-BAL transforming
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Comparing X-ray-to-optical power-law slope ayy and Aaqy
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X-ray, optical, and radio properties

Object Name (SDSS J) z m; M; Ng Count Fps59Kkev 2 keV loglLx Jaso0 A logL,,o Qo x Aayx (o) R
Rate (2-10 keV) (2500 A)

(1) 2 & @ & 6 (7) (8) ©) (10) (11) (12) (13) (14)
074650.59+182028.7 192 17.96 -27.36 4.17 1.637;37 0.9470-0 4117550 4446  2.24 +022 31.32 £ 0.10 -1.8270-18 -0.14(0.89) <2.17
085904.59+042647.8  1.81 18.74 -26.45 411 <10 <057 <239 <4418 0.75£0.07 30.80 £ 0.10 <-1.72 <-0.12(0.64) <4.46
093620.52+004649.2  1.72 18.26 -26.81 3.85 4.3871-7% 2517128 1021295 4477 1.15 £ 0.12 30.95 + 0.10 —1.56f§:§g 0.07(0.41)  <2.94
114546.22+032251.9  2.01 19.01 -26.42 2.19 2.547)-> 1.40j§:§§ 63113 4468  0.72£0.07 30.87 + 0.10 —1.56f8;82 0.06(0.33)  <5.74
133211.21+392825.9  2.05 19.01 -26.46 0.89 4.31% -5/ 2.31j8:gg 10.49*32% 4491 0.75 £ 0.08 30.89 + 0.10 —1.48f8:8§ 0.14(0.79)  <5.21
142132.01+375230.3  1.78 18.61 -26.54 0.92 17979 0.967 % 3.99j%:8§ 4438 1.02+0.10 30.92 + 0.10 -1.69*)5 —0.07(0.38) <3.66
152149.78+010236.4  2.24 18.45 -27.22 4.24 1397000 081700  3.89%-% 4455  2.04 +0.21 31.40  0.10 —1.81f§:§3 -0.12(0.79)  <3.96
152243.98+032719.8  2.00 18.56 -26.86 3.81 1.39j§:2§ O.80j§:i? 3.57H08 4443 1.31£0.13 3112+ 0.10 -1.75%-0 -0.10(0.59) <3.88




New Chandra Observation

Table 3. Chandra observation log and X-ray counts

Object Name (SDSS J) ObsID Date Exposure Time Full-Band Cts. Soft-Band Cts. Hard-Band Cts. Band e
(ks) (0.5-8.0 keV)  (0.5-2.0 keV)  (2.0-8.0 keV) Ratio
(1) (2) (3) (4) (5) 6) (7) (3) ©)
074650.59+182028.7 17021 2015 Dec 03 2.54 9.51*50) 4.154)-5 5.46733 1327555 0.6770-12
085904.59+042647.8 17023 2016 Jan 04 3.92 3.097 % < 4.07 213752 >0.52 < 1.56
093620.52+004649.2 17022 2015 Mar 16 2.61 13.76i4:§2 11.44%3-30 2,15+ 12 0.19%9-2% 2.55%)-%
114546.22+032251.9 17029 2016 Feb 09 491 16.884_%: : 12.46%3-% 4.303:%? 0.34%0-4% 1.937-10
133211.21+392825.9 17028 2015 Aug 24 4.83 25.48i§;§§ 20.84:%1:62 4.353;%} 0.21i§:}g 2.38i§:§‘5‘
142132.01+375230.3 17027 2015 Oct 07 3.49 7.38%3-8¢ 6.24+3-03 <4.26 <0.68  >1.25
152149.78+010236.4 17026 2015 Jun 12 3.73 6.293-5’;9 5.18+3%¢ <423 <0.82 >1.13
152243.98+032719.8 17024 2015 Apr 12 3.73 11.62f§:% 5.184-%¢ 6.56"3-1) 1.27+0-880.70*0-8¢

Column (1): The SDSS J2000 equatorial coordinates for the quasar. Column (2): Chandra observation ID. Column (3): Date of

observation of the target with Chandra. Column (4): Background-flare cleaned effective exposure time. Columns (5), (6), (7): The

X-ray data analysis was carried out using the procedure in Luo et al. (2015). Errors on the X-ray counts were calculated using Poisson
statistics corresponding to the 1o significance level using Gehrels (1986). A source is considered undetected if the Pg value, defined via
Equation (3) in Section 3.1, in a band is > 0.01, in which case an upper limit on the source counts was derived. Column (8): Band ratio
is the hard band to soft band ratio. Column (9): The effective power-law photon index, [eg.



Consideration about ancillary mechanism

Are ionization states in outflows influenced by changing optical thickness of

X-ray shielding gas observed by X-ray 17
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Fight transforming BAL quasars show no
evidence for intrinsic X-ray absorption

— X-ray absorbing material moving

out of the line-of-sight !

Generally, BAL quasars show strong
intrinsic X-ray absorption
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Wang et al. (2018) - ABSTRACT

» Theme: The discovery of a luminous quasar at , DELS JO03836.10—- 152723.6
(hereafter JOO38-1527), selected using photometric data.

DESI Legacy imaging Survey (DELS), Pan-STARRST (PS1) imaging Survey,
WISE mid-infrared all-sky survey

a» Eddington ratio of 1.25+0.19
a» Outflow velocity = 0.08c to 0.14c — extremely high velocity 1!

e JOO38—-1527 is the first quasar found at the epoch of reionization with such strong outflows 1 —
These contribute the growth of the most massive galaxies !



fy (L0~ Yergs—lcm—241)

Spectrum of JOO38—-1527

Rest-frame Wavelength (4)
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Gemini/GNIRS, with a total exposure time of 4.2 hours




Normalized Flux

Normalized spectrum and BALs with extremely high velocity

SilV Velocity (km s71)
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Derived Parameters of JOO38—1527
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e JOO38-1527 has high
Eddington-ratio.
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4.19x 1046
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(1.3340.25) x 107

1.25+0.19




Summary of the two studies

» (At least) The X-ray absorbing material moving out of the
line-of-sight, leaving an X-ray unabsorbed non-BAL quasar.

Sameer et al. (2018)

 The UV absorber might have become more highly ionized
( ) or also moved out of
the line-of-sight ( ).

a» Eddington ratio of 1.25+0.19
&« Outflow velocity - 0.08c to 0.14c — extremely high velocity 1!

e JOO38—-1527 is the first quasar found at the epoch of reionization with such strong outflows t — These

contribute the growth of the most massive galaxies !
Wang et al. (2018)



Appendix | : SED (Samerr et al. 2018)
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Appendix Il : CIV Emission Blueshift (Wang et al
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