
A Compton-thick Wind in the High Luminosity Quasar, PDS 456. 

ABSTRACT 

PDS 4513 ia a nearby (z=0.184). lunlinou (Lb,,! .. 10'' ergs-') type I q u a a r .  

.4 dcep 19U ks Suzaku ol~~er\ration in Februarv 2007 rewaled the complex. hroad 
band X-IT spectlum of PDS 456. T h r  Suzaku spectrunl exhibits highly statis- 
tically iigliificant absorption features nenr 9 keV in thc quasar rest frame. IVe 
s l i i~u~ that thc nlo.?t plallsible oligin of the absoiption i~ from blue-shifted r e s -  

iianre (Is - 2p) t~ansit ions of hydrogen-hke iron (at 6.97 keV in the rest frame). 

This indicatr5 thai a 111ghly ionizd outflow may bc prest7nt moving a t  near rela- 
tivl,<tir vrlorities (0.2G -- 0 311.). A posible hard X-lay pxces~ is detecttxi abovr 

1S keV xvit11 HSD (at 99.8'2 confidence). which may dribc froni high coliinrn 
densit? gas (A-Il > 10~'crn-') partially covering thc X-ray emission. or through 
strong Conipton reflertion Here u-c propose that the iron K-shell ahsi~rption 

in PDS 456 is it5sociatd with a thick. powibly clmnpy outflow, co~eririg about 
20' :  of 47i hteiddian solid angle The outflow is likely launchecl front the inlier 
nc:.retion diak. within 15 100 gra~itational r a d ~ i  of thc black hole. The kinetic 

lioxvcr of the outflow niay be similar to  the holon~etric lumirlosity of PDS 456. 

Sui.11 d po~r.crfill wind aliild have a blgnificant effect on the cu-wolution of the 
lio.-t t;dlaxy alid its supcrmdsive black hole. through feedback. 
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(>11tfl11\vs are ,in ~ n q ~ n ~ t a r l t  ~ I ~ I ~ I I U I I ~ ~ I I I I I I  111 .AGS r i ~ i < l  I I ~ , , \  ~II,LY ,I kc) rr,Ii, I I I  tlii, C C I .  

evohltion of the 111dsstvc blor.k holr a~i ( l  t11v 1111.-1 g,rl,ixy. i<l.i< I, I I I I I I  - ::lr,i\, I,\. ;,I r r-rtii111 
and htrong mlcliar oiltHol~z [.an qiirncll tlii, 11rc1i (,i, I I V  i.lir,f t li,,.it : Iiilt I I I I ~  <,ti I l~~ .-ripplv 

of matter. At high r~:rldltft>, 511~11 ~II : I>; I I  \viniI< I <111l,l Ii,i\,v ~ I I O \  l , l r , i l  I 11,  1,i1 l<~i~rll,,~, k that 
co~itrullrd both the formatiru~ of stellnr b~llgv\ ;ind : . : i~ii lI! ,r i . r~~,~i~i~ - , , I t  1<~,:111,1tr~l S'\IBII 
groxvtli. lcadirig ~ ~ l t i ~ n a t c l y  to ~ I I P  <1115r1\.r<l ,tf ,T r ~ , I ; i t l o ~ ~  foi ,$I 1x1, - (1"1,11,ir, ,,, A- \I( ,r i~tt  
2000: Gebhaldt r t  al 2000) A wilid. l;l~lrir.licrl witliili .i ff,il- :i,i~it,ttioii,ri i,irlAi tlic t~l,irk 
bole, ran move into thc host ;:alaxv pi1\11111:: r~~iitcri;il O I I I I ~ . I I ~ I .  i i i i t t l  iit CI  (.rit1(~11 l ~ l , i ~ k  
11111e mass. the IS11 ib ~ff(~ctisv1v w d r t ~ ~ ~ t r d .  q~ir~n?ll i t~~; .~,II  I , ~ I ! I ~ , ~ ~ I C J ; I  , 1 1 1 , l  < ~ ~ I I I ~ I I I ! >  tiirtlirr 
SSIBH growth. T h i ~ s  arrretiuri rliik ollttl~~w:, iri.ly lir,lj, ic.'>~iI I*, ,  I I ! ~ ,  ,:ion.tl~ of thi. p,rl;iltic 
h~t lgr  atid t11e ccnt~dl black 11oIc 111 ;~;iI;ix~i~s (Silk !i I<IV. IUOq ~ , I ~ I I , I I I  lllYl, I~I I I : ;  20(lj, DI 
Sli~tteo et dl. 2005) 

Recently a niunbcr of high I U ~ ! I I I I ~  dril,ity [A'li - 10 I I J " ,  1 1 1  ' J ,  t,i.,t ( >  0 1,) 
~n~tHours h a w  bcrn clair~lcrl 111 \r,veidl AC:S (C!iar!;i 1.1 :rl '/Or)? 2i~iri Ii.isiii::i~l i.t .il 2002 
Rreves et dl. 2003: Polllltls C t  ;It. 2003. Uadil1.1 i,t ;I]  L'lill'i (:-!i.r>ii f .1  ,it XJiIi \I;llirc,\vit~ 
et al. 2006: B r d i t ~  f,t a1 2007: Paparlakl> r t  al. 2007) I I ! J I >  ,:;!I ~li,tr,, tirill, of I,li!~~-~lliftcd 
K-shell absorption lines of Ilori. i~l~.,cr\~ril at ~<,ht-Iidnrc. i , ~ ~ ( , i , : i i . ,  :;~<.iit~.i th:iii 7 k<,V ' l ' k i ~ , ~ ,  

fast outflow are llkcly drivrn OK the a w r ~ t i ~ l l  i l i ~ k  IIV t . i t l i t , i  r.i~ll.i!i,,i~ pr-i,~,liir~ (i ' t r ,~, ,~ ct 
a1 2000: Pro* Lr Iiallll~an 2004. SIIII et ~ 1 .  Zoon) CII ~ii~i?,lli,tc ,,!,ttioti~tl IIIII . , ,~ (1i<it1, ct <II 
2004), or both. a frw grnvilatirjli,il larl i~ frnni tlic l11'11.k Iioli. 1 1 ,  ,.c,::iv < .L,v-, ti!<. o':ttti)w tntrc 
cicrived can be Iiiigr. u!' \cvf71aI si~lar III;L\W\ {IPS v [ < ~ r ,  ~ I ~ I I I \ . L ~ ~ ~ I I I  Ill" - 1 0 " ' 1 ~ 1 ~ ~ ~ ~ ~  In 
kinetic poq3t:r (Rccxscs rt a1 2003: POIII I~I .  r t  ti1 2Ol)j) i i i . l t ,  III:;,,, tlir ~ . ~ ~ i i . i t l v r ~  li~iiiin~hit\, of 

the A G S  and can llave a \ignlfi<.nrlt offr~.t 011 tlu, ht,t y,.il.is\ ~~v~,!i i t~oii  (Kili!? 200'11 S~iclr 
o~~tflowb are a likely r o ~ i s r q u ~ ~ ~ ~ t ~ r  of i i ~ a r  EII<IIIIJ;~~III  tic, rc,!i,,ii (1<11,p A- I ' ~ ) I I I I I ~ . .  2llO3) ilrirl 

arc key to underslandrn:: ac~,rctir~n at h~gli LGl~l~ri~:tr,li i;i!i.- 

Here xr-c prcaent a tlcep 2007 Sz~zoAn oth(:rv,rt~otl of tlir. 11i>.r111y i. 0 I % $  .I 'CI~IC\ rt  
at. (1997)) and hlniinous (Li,,,, - lO"vr!;> I ,  S I I ~ I ~ ~ < I I I  ( 1  ;il ( 1 0 ~ ~ 0 )  l?r~.!~- i,I (2(J00)) 

typc I quas.ir PDS 456. A prcviou\ 40k5 XSILI-Sr~wtr,ii r ~ l , - , ~ i - \ , i t ~ , ~ i ~  I I , \ - ~  , , l ~ , l  tliv >I:IL<~ (i f  

deep iron I<-shell al~sorpii(~rl abovc 7 kcV. 1vhic.11 111,iv Ilr .  ;~i!i i l~.i t i~ri  t c ,  . I  111~:li ~ . r i l i i ~ i ~ l i  rlc.115itv 
outflow (Recvcs et al 2001). wliilr PDS 4')fi alio vxhil,i~. iil~!,. .,i~ltlr.,l ; r t ~ - , ~ ~ ~ ~ I i ( ~ i i  111 tlir IJV 
(Cl'Bricn et al 2:)05) An analpi ,  of thr  Si!z.tkli XIS i l ;~t; i  !( \ ~ , , i l .  < I I I I Y  t i.\irlr.ilc.<- ~ I I I  l~ l i~c-  



~111fIi~il : I ~ I . , o ~ ~ I ~ I ~ I I  11111 I!) I I N ,  I I ~ I I I  l<-.l~~,ll I I , ~ I I ~  l-(~ra Src,tiotis 3 and 4). \vh~<,!i 11i+y arisr from 
,I I I C , < ~ I  1 1 , 1 ~ 1 t t x  I , ~ I <  (#tl!!!,>-i l,ti!j,! 11, 11 I ~ < I I I J  t IIV I ~ I ~ ~ I T  qllils'lr <I( i retrnri disl;. XVe also rpport CIII 

;I t f  i~t,itrv(> < l ( , t ~ (  ~ I ~ , I I  (11 li.i~{l X - i , ~ v  I , I I I I - ~ , I O I I  , I I JO~<% 15kcV il l  t11c Sw~aku HXD o l ~ ~ c r v ~ ~ t i o n  
of I S  I I i I ,  iOk111- 1lj1i I .  ,111<1 i l l ,  = 0.73 arc ashonled tlirooghnut atid 
I I i t  I 0 1 I I I  (1 Z7) 101 1 11d1~1111etcr nf il1trrrc.t. 

2 .  Suz;&u Observa t ions  of PDS 456 

1'1)S I50 h , ~ i  o I i v ~ ~ \ ~ i l  Iiv ,Sii:rii:!i ( \ I I I ~ I I I I ~ I  r t  '11. 2007) at tht3 XIS noniindl poir~tirig 

po.,itiol~ 1~1,tu.ri,11 2.1 I.'~'li t i  1 \1.11 2i)OT (wqirrll~ 1. 11111ri11r~ 701056010). ovcr d tot,tl dur,ition 
of :1701.:-. 11 ~ I I I I I I I I ~ I ~ Y  , , f  trli'l~,rvdtroii> IS sllow~i 111 T;illlrl. Data were ~na lvsed  fro111 the 
X- t~ iy  1111;igrrig S ~ I ~ ~ I ~ I ~ I ~ I I I ( ~ ! I ~ I  XIS (lir1~~11rla rt dl. 2007) arr(l the PIX fl~(~dc:b of the Hard 
X-r,rv 1)1.1(~ t c i i  IINrJ/I'IZ ( ' I ' . I ~ ~ I I I ~ I - ~ I I I  1.1 XI. 2007) r ~ r ~ d  proccs~ed using v2 of the S~tznku 

I l).ii,t i \ r , i l ,  ( ~ u ~ l ~ i i i ~ ~ l  a.1t111:1 .l.l(j ~ r ~ r ~ ~ l i c l i  of p i h a g e  throirgl~ the Soiitli Atlantic 
i\iio111~11\~ (SAA) :ir~rl w1ti111i F , I I ! ~ I  r4(,vr~ti,1li >iriglrli or Drlglit Earth anglrs of < 5" ,mti < 20' 

rvywc! I \ (  lv 

2.1. X I S  analysis  

XIS <lrit:~ \ \ ( , I ( ,  < I , I ~ <  twl 111 :l .'l c ~ t ~ ~ l  5 x 5 rclit,t~lodc~ itsing gladrs 0.2,3,4.6. \vliiIr 
lir~t ; I I I ~ I  ti~ikrrli~:,, l ) i x ~ !  > \ x i , i < ,  r(,111<1v~l L I S I I I ~  ~ I I I ~  SIS<;I,E.\N x.ript. Spertra ~ve~t:  e x t r a c t 4  
froll~ uit111n G ! I (  i11,1r rr,pti11!\ I J ~  L ' I '  (liarrrr~tr:r, \vllilr t~ackgrollnd spcc.t,rd \\-crc rxtracted from 

4 c i ~ (  r>lfwt ~ I I ~ I I I  t l ~ i ,  W J I I I ~ I ~  z ~ ~ ~ d  , t \~oi(i i~~g 1 1 1 ~ ~  ( . I I I ~  c o ~ ~ i c r h  i:or~t~iinlng the calil~rdtic~r~ 
. > sg~rlrci,-. Ill(. ~ i - j ) t r i ~ \ i ,  iri.~tiix iirhli ) r ~ ~ i l l  r i ~ ~ c ~ l l . ~ ~ ~  I ~ O I ~ O I ~ ~ C  (AISFS) filrs were rrrated using 

1 1  t 1 :  I I :  rcsj)ciliv('Iv. tllr fomirr a~,c.onntrrig for tlir CCD 
~II , I IXI .  Iniw.tr,~ii .L!:,I t l i i  I.ltt<,r 611 t i t i .  hv(ircrrarl~i~n co~italllination on tlic optical blocking 

fi!ter. S1)c.i t1.1 l r i ~ i i ~  t l i t ,  ln,o fi(,iit ill~lrliiriilt(.rl XIS0 aiiil XIS3 chips were (onrt)incd to  
1.1, .itr. ,I 11i;;ii- i a , ~ ! i i i .  -IXV ~ I I I I I I  jlli~ri,,iftrr XIS FI). v;hilc da ta  iror~i tlir l~ack ~llunlinatrd 
XIS 1 1 I I I :  I t l v  I)at,t w t ~ r  i l i t ~ l u ~ l d  finlr~~ O 45 lOkeV tor tlm XIS 
F'I . I I I ~ I  0 45 7b.V I < , I  t l ! ~  XIS 1 >liil). tlic, I4tt1.r I~r lng  optirnizcd for tllr >oft X-ray band 
Thl' Il?1 11,1( k;l-~>llllll ~ l l ~ l t l , ~ ~ ' ~ l ' ( ~  - , i l l l l ~ ~ ~  Iollllt TdtCs U'eIP 0.521 k 0 . 0 0 2 r ! i ~ - ~  for XIS FI  
<t t l i I  0 11.3 I (1 OO2i,ti-. ' 1\11 XIS I .  u71tI1 a 1ir.r ruposilrr of 17!).7ki XIS background rates 
r : ~ I P - ~ ( > I I ~  t c ~  < , I I I Y  1 5 ' i  < I I ! ~  .<  .<'A tlic I I C , ~  \ollrr(% L O I I I I ~ S  for XIS FI dricl XIS 1 rr\prcti>-cly. 
Tlic XIS -ix (tr'i wf.n, -111,~~.(1iic11tlv I ~ r ~ ~ i r t ~ r l  to  ,I r~i~nirnum rnergy wirlth corrrh1,onding to tho 
H\i ' t l l l  XIS rv-ollr t l~,~~ i-- 0'~r.b' 4 1  i ikcv) (:11311lldr~h ~ f r ~ >  ~ d d i t i ~ r i a l l y  R I O U I I C ~  to  ~ C ~ I I ' V I !  

.I  I I ~ I ~ I I I I I I ~ I I I  S / S  (,I i I W I  Ibii l  ovrSi t I i t i  I I . U ~ N ~ I U I I ( ~  and i,' mirliniization wa., u.;,,d for dl1 

srrhscquent p r c t r a l  fitting 

2.2. HXD a ~ ~ a l y s i s  

The S o ~ a k u  HXD/PIS  i.i a nnn-inlaking iii.trurricr~t wrth a 34' x1lraic (FWIIl1) hrlrl 
of view. For w ~ d k  h.~rii 9.1~1~ SOllrCFh (i C. rrlar~y I Z C : ~ )  ivberc the sourer ( O I ~ I I ~  rdtr  i, 

only a few percent of the Li.~ckgroilnd rate. it is rrucidl t o  corrcchy l lb t ra ( . t  the i - ~ r i , i l j l ~ ~  

no11 X-ray barkground (i r the p,lr tick or drtn:ti,r bdckfirnimd) to obtaiii an ;I< ritratc 
estimate of tlir nct sotircr rount rat<,. T h r  HXD ~nht r i~n~er i t  trarn prnvidr two S I ~  X-rny 

B,lckground (NXB) evpnts filrs for thls purposr. th r  backgroitn~l A r~iodc! (also knoa-11 as thc 
.-quirk" background) and tlir background D niotirl (or "tuned" b;lr.kgrounci) Thc qviti.tnat ic 

uncertainty of the backgrnund D nlodel r i  brlii~vr~rl to bc lower than for bnikgn)nntlA, 
typically k1.3X at  the lir level for a net 20ks expltsurc (Frskaa-a  r t  dl 200!)) 

To ddrterrnrnc wliicli model providrn th r  niod rrliablr cstirri,~tr of the b<ickgro:ind. the 

background A or D liglltcurvc wai comparrd to the lightcurve obtained fioril tlic Earth 
orcultcd ddta (from Earth rlcvatiori anglca EL\' < -5). ill the 15 50 kc\' band. Tlic E,irth 
occulted data gimzs a represmt,ition of thr  acrisal S X B  rate. ds this ncithi~r inrliide:, a 

contribution from the so1rri.r !lor from the Cosnlir >;-lay backgroltnd (CXB). T l ~ c  E'irth 
occulted data were corrrctcrl for dc,idtirnr. itstrig the pseudo rvrtiti filc. Flglirc 1 (top .ind 
nliddlr panels) sho\v~ the colnpdrisoil for each of rhr hackgroiir~d 11iodi.1.; with thi. E,irtli rate 
Spccifici~lly, \vr ~dlruldted th r  rdtiij (Earth - had [A or Dj j / bgd [.A or Dl- i c. tbc riiffrrt.ncr 
between tlie Earth and b,ir kgronnd rniidrl rat?- normal i~rd  to  t h r  b,rtkgrriund I I N I ~ I ~ I  rate 
Tlir lightriirvrs a r r  hedvily birilicd (15 iat,ellitr orbits or fi6.4ksj in orclcr to  iricrr;l,-<: sigtidl to 
iiorse. For the background A model, the mndrl clearly ulidcrprdicts thr  Earth baikgro~~ncl 
rate. by f 8 . S  1 1.0'X. In contrast for bnckgrountl D. the model sliglirly wrrprriiirth the 
Earth rate. by thc ratio -2 4 i 1 il;" Tliiis bllbs~qrirllt,ly \vc adopt th r  hdc.kgioi~rl:I D nli~(lcl 

as the lrkely morc accliratc haekgri)llnd modci. rioting that for this obscrvarini~ it *iiglitly 
ovrrprdicts  thr  Earth b'ickground late. 1,y 2.4%. \\.lrirli we corrrct fnr 111 the ~ i t l ~ s r q ~ i r n t  
analysis, 

The  haikgro~rritl D S X R  r\*rnti  filr was then usrcl 111 rori~urii:tiriri with tll,, r-rcenrd 
source cvents filr (frorn rev2 of thc pip?liiic pror<h>ing) to rrc'ltr d i oriiniorl good timc rntcr- 
val. Tlic files \.err tlius u s d  to  calciilatr i ~ g h t c ~ r n ~ r ~  (binircd into 5 orbital bin> oi 28 Sk-) for 
both thc jollrrr (dcadtime correctrd) slid for the detect,or (SXB) I,,ii.kgrnr~liil. rlotr: a Ir i\..- 
tcrnatic error of f 1.3% \\.as irlcli:ilni in the S X B  r,itr3. Fi;iirr 1 (lowri panel) >lii,a--, tlie PIS 
sorsrc:e lightcurvi: (after .~lbtrdi'tiO~i of the S X B )  from 15 511 keV. Tlic rxprctril contr~hi~lion 
fr(1n1 tllr diffuhi. (non-varrdblri Co.jnii( X-r,xy Background (CXB). rr,lr:g thc h;j i .ct~c~l ivriil 



of Griibrr ct a1 (11J99). \vds also calculated: In the 15 50 kc\.' band this is expected to con- 
h-~bute 0.017 c.ts%-' to thc kttal count rate (ur a 15-50 keV flux of 7.9 x 1 0 - 1 2 e r g c ~ ~ ~ - 2  s-'). 
LVc i~iclndi. n f10Y u:icr.rtaint\ in the absolute normalization of the C'XB. Sote a rnore 
rltfailtul disiuhsron of thr  CXB and pusibie contan~indtinn in the HXD field of virw is given 

In Appendix A 

Tf~uh tile rilean net source coiint late. after subtraction of both the TXB and CXB 

co~riponent, i i  c ,  total irackground = S X B  i CXB). is (1 5 i- 0.3) x 10-2co~~ntas- ' .  and 
I,> about 5:; uf tlrc total bariigrouild count tatc (0 33 co~lntss- ' ) .  This corresponds to  a 

source Hux of ( 7 . 3 '  2.4) x l ( ~ - " e r g c n ~ - ~ s - '  (rllcludin:: 1.3% systeriiatlr uncertainty on thc 
bar.kgro~inrlj from 15-50 kc\.', assunilllg d power-law pliotoii index of r = 2. Iri tornparlson 
tlic ~ O U T I C  HUX derived from ubing hdckgmulid A i i  higher. (1.2 0.3) x 10-" ergcni-'s-' 

from 15 - 5U kcV. ticredfter wc adopt thc lnnrr t.onservative flux derived fiorn background 
D. T h ~ s  represurlt the first possible detrctrorr of PDS450 in the hard X-ray band above 
15 keV. at tlic ,ignificali(e level of 70 (statistical) or - 3ir (statisticdlfsystnnatic) above the 
bnckground and is Irr,low thr  expected qrnsitivitv level of the Swift-BAT all sky survey, vf 

d b ~ l l t  1 0 - l ~  c i . g r ~ ~ - ' s - '  (Tucllrr et dl. 2009). 

A net (deadtnnc-iorrert~d) bonrcc spzctruln \vas substqueutly extracted in the 15-50 
kr\J rang(, (subtracting both tlic NXB drrd CXB) which yielded a net PIN exposlire of 

161 Y ks and tile sdnie net rourit tatc a> abovc fro111 15-50 keV. The deadtime rate for the 
source  elit its wa,5 ti 7% Ttr(, 11:5ponse hlr ae-hxd-pirixinnnrr3-20080129.rsp providrd by thr  
instrument tt.dnr uas  iistrl in all the spectlal fits below Tllc HXD/PIK spectr~tm war iliitiallv 

bixlntui to  a hingle b ~ n .  tu rcprricnt a flux point hetunxn 15-SOkeV, as described abo\.~a. A 
finer binning of 2c per brtr  di,o\-r the background u7;t., ~ubser~uently used for the spectral fits 
In sections 4 and 5 Sote  that a cros-normalization factor of 1.16 1s lncluded Letuwn the 

HXD/PIS and XIS, as calculatrd for obbrrvations of the Crab.' 

3. Detec t ion  of t h e  I r o n  K-shell Absorber  

Initiall\, we cnn~ider tlre X-la) spectrum of PDS 456 in the 0 45 10kc\' band using the 

XIS alone. Galactir. abwrptiolr of 2 r lo2' c n ~ - ~  (Dickey k Lockman 1990: Kalberla ct al. 

2005) was advptcd. n~odeled wit11 the '.Tuc.bingen Boulder" absorpt.ion model jl'unss i11 

XSI'EC) using the cl<is.. serti~,irs and abundal~ccs of Lt'rllns ct al. (2000). Figure 2 (iipper 

panel) sho~vs the residual> to  the XIS spectra to  a single power-law of r = 2.35 * 0 01 with 
Galactic absorp~ion Evidc~nt1~- tlris is a poor fit (fit >latlstrc. x2/dof = 1U04 41391). the 

We thrts p~occed to pa~d~rrcterizr. tlir- XIS ~ o ~ r t ~ r i i i ~ i r i ~  i\itIi , I  I I I O ~ I ' I I  ~~o\v(~i - I~ i iv  t v ~ ~ l i  

T,,,R - 2.44 i 0 04. a brrak at E 2 2 0 i 0.2 kcV ,i~rcl l'l.,t,i 2 2.1 t- 0 02 to\v,il,l~ 1iir:lier 
encrgles. Soft X - ~ a v  1r11e c ~ r ~ i s i o t i  15 rf , i i~ii~eil .  wit11 O I L , ,  ..I ICIII;, , i ~ ; ( l  I , I o . I ~ I ( , ~ I c Y I  I I I I I ,  ti1 F; -= 

0 0 1  * (1 0lkcV (QSO rcht fiailiv)  will^ a11 I ~ ~ ~ I I I \ ~ ~ I I ~ ~ ~ I ~  \r~(Itli ( 1 1  El\' - L2 i 101,\'. I I I ~ L I I ; , , ~ ~ ,  
width of o - 75 i 15eV (FWHSI 57000 k l ~ i s  I] ,il~cl ;I ae.,r,i I I I I I ,  ,tt C ~~ I 10 + I I  l J?k~\ '  

uitll E\4,' = 6 * :3t,V. S o t c  t i  ui111111dty ot t11~ SIJI vti,~I l i t  1 1 ~ 8 1  c ~ ~ ~ ~ ' , ! c ~ ~ <  I ,  ~ I O \ V ~ I  ~ I I  'S;IIII( 2 
The furnict- Lint niay bc am(1riatn1 wit11 citlirr tllr S r ~ k  ! r r l ~ l ( , ~  (0 '1'1'1 0 '!21 ~ P V J .  L-,irr1I 
(3<1--2p) C>IIIIL>~~II ~ I O I I I  FCXIX ( c ~ t  0 92k(-V) 01 t i  I ~ I I Y I ~  ot t l i ~  + \ L O  tl1~3 I , I I I I , ~  111?iy 11, 111, ~ r t ~ t i ~ ~ , I  
w ~ t h  E'esxiv L-~lrell (1 ltikcV) 

The tit stat~ytic is still poor (x'/[lof - 720 'i/:ih', r i i r i l  Iii.l~i,tlir,\i-. ~ I I O ~ I ; I ~ I I ~ I ~ Y  ot '1 .1 r 

lo-') and i~ signiticdntly I ~ I I ~ ~ I J \ ~ P I I  bv tlir ir~lilrti~~ri cjf t w  I , I ~ I ( ~ ~ - I I I I ~ I ~ ~ I  ~ ~ I t w r p t i t ~ n  I;IKL i ~ h -  
served a t  7 (j7 i U 01 krV a~iri  8 13 * 0.07 kc\[ (01 .it (1 00 I .  I! I!? 1,i.V ;i1111 !) (14 ! (1 Oh k1.V r r r  

the qua>dr r ~ > t - f ~ t i t l ~ c ) .  with Ax2 = 41 1 ;III(~ 20 0 f(11 C .CI~ i j  I I I I , ,  '1'111, lrrl<. I<L\', AIV Iiig11 <it 

-137 i 59eV ant1 -135 k 55rV rcsjjrr.t~vriy 'I'll!, i11tr111,lc. n1~1111 1 1 1  I l l ( ,  . I ~ J ~ o I ~ ~ ~ I ~ ~ I I  l i r i ( ~ ~  i, 
loosely constlatiicd to  he n = 10"" J -~ ,?CV 11111s t111, 0O:L trp11c I ! I I I I I ~  1111 t l t c ~ ~  F\i'ff\i \~c,III< itv 
is < 12000kr11~   not^ tIlcs XIS ~ c ~ ~ ~ ~ I I I I I ~ I I I  at 8 k ~ V  < < , I I L . , ~ ~ O I I ~ I >  lo ~ 1 ~ 0 0 k r 1 1 ~ - ~  FIVHll 
at 8 k e l r )  Kotc tlir widtlr of tilt, 1rlit.s a r l  t i r , r l  to 11.iv~~ tlrv .,,IIIIV i,si:ir, to r,;trlr otI:(.r 

The poshibilrty that thc ahsorptiolr ; t t i w i  fro111 ;i i~i::l<.. I I I I ~  tirc~~i,i(,r iirrr n.,i.i <i l i<,  ~ r ~ v , . ~ .  
trpatcd. \Vv 11ote that althurigh tlris c ,~ i r~r i~ t  11,. firtirlv 1 1 1 1 , ~ l  02i:. t111, r r . - i ~ l t ~ ~ i ~ :  lti 1s zl~xlitlv 
worse (AX.' = 12 for 1 paran~(,trr)  than f i l r  t h r  lit u i t l ~  2 ,111 oll,tlori 111ir~. wl~i!~. tlir I I I I I *  
width is subst,int~ally b n ~ a t l n l d  ( n  = 0.-10 1 O I ?  k1.V I,] .I l.'\YIl?i o f  - :i0000 br11 . ' )  

There is a1s11 t3\,icicncc for bro,111er11~(l io~ii / t~(l  I I O I I  I G t  (,[I 1. , I ~ , I L  7 2 + ( 1  '2 I;, V in t 1 1 ~  
qu&>ar rebt-frdliir (El+' := 132 * 52r\ ' ,  (1 z- 0 'i:';!:; h,,V of - . ~ ~ 1 1 1 O O l ~ 1 t ~ ~  ll:\VH\li 
11' = '27.7) Tlir. final fit ilati>tic. i-; tl~t:lr \ '/ilr~l ~- 4:jI 5/ ,<7 ; \\'r .xrll rvt11111 l o  (lit, OII;!~II 
of tllc~ i1ur1 K :111d L-shell ~ I I I ~ L > ~ I I I I  I I I  Sri ~ I O ~ I  5 

\Ve riotr that the abv~rptinii Iinr c i i ~ t ~ ~ , ~ t i i ~ ~ r ~  drc, I ~ ~ I ' I I ~ I  , , ' , , I  I , -<  tI11, ( l ( , t i~! t~r  IJ,I<I,~IOIIIICI 
of the XIS FI CC:Ds, ~viricli is < 2% ~1 tlir: 111.t ~ i ~ r ~ i c q ,  < C I I I I I :  t ' i t i  \V I I I IP  t l r~ ,  ~!~ijlrgi:it 

criliszion linr in thc baikgrour~rl bpet~rillli ( 3 1  I Kri ii! 7 47br,\') :IC,I.. l i d  I ~ I I I I ( . I , ~ I  wrtli ertiit>r 
of tlre al~sorption lines (notc t l ~ t ~ t  111iIikt2 i11 X l I l l - S ~ ~ \ v t i ~ ~ i  l,:i'l(' 1111 - ~ I ~ V I  ] , I  I IC,  C I I  l<!t I I I I ~  
is pre>rnt in S ~ v a k u  XIS hackgrn~lri~i 11cr t r,i h la.\') 'I lii. I ~ C ~ I ~ I ~ J ; I I  I .OII  I~t.twf,t,~r the 11rt 
soun:e spertrilnl and I~arkgn~iuirl s p c r ~  I lit11 15 p l o ~  t r~ci I I I  1. r i : l i t + .  :: 



3.1 .  Sta t i s t i ra l  Significance of t h e  A b s o r p t i o n  Lines 

'l'lir -1g111tii , I ILII  <!I ! I , <  I I O I I  I< c i l h ( ~ r p l ~ ~ ~ ~ ~  II I I I !~  1,.\t,1111atcil usilig 11~11lti- trial S111nte 
C'c~rlo ~~it~~!ildtitz!t~ 'l!,~, I ~ I S , !  I L O ~  t is i~l  ~ ~ I ~ , r r t i t d l  to t1~~1t drscriI)cd in Porqiirt ct al. (2004) 
a1111 : \ I c ~ ~ k , n v i l ~  I t ( ~ 0 0 1 ~ )  S ~ ) ( , I , I ~ (  d l y  wr k , ~ ~ i e r < i t ~ d  100tC IAIIIIOIII XIS-FI 5prctrd wit11 ari 
ir~iti-il i111~ut I C I I I ~  ~ I I I I I I I ~ .  ~ . : ~ I O W ~ I I ,  ~ I I ( I  I I ~ I C ~ ~ I ~ I I I I I I ~  a.5 pi~t t l i~,  actual PDS 450 data,  but u~ider 
tliis 1,!11i I I ~ ~ I I ~ I Y , . I \  c > f  tic ; ~ I I ~ V I I ~ I ~ I L ~ I I  I I I I I , ,  l ' l r  s p i ~ t ~ ~  \vrri* \t~:ppc(l I I I  tsnergy inc,rc~iie~its 

~ ~ ~ ~ r r r q v ~ ~ i c l i ~ i :  111 t l ~ i ,  tI\Vkl!~l XIS I , I I I . I ~ ~  1esoIu11o11 CIVE,I  tli~,:j 1 0 l ~ V  ellerg\T t1ari11. 1.e ~ I I ~ I C  
ally 1e(1 or I ~ l ~ i i ~ - ~ l i ~ f t ~ ~ i l  FI, . i i r , r~~l , t~oi i  lint. I I I ~ I Y  111: n % , t . ~ ~ n a l ~ l ~  1:xpn:ted to br found. 111 oldrr 

1.0 ui.11' th r  ~ l ~ ~ l r i l ~ l i t l o r ~  I I ~  -'A\ ' f i r  tllr tr~;il>, 111 tl~r. nct11ii1 11,ita. two absorption lines were 
fou~~iil. V I ~ I I I I I I ! ~ ,  I I I ~ [ I I ~ ~ ~ : I ~ I I ~ ~ , ! I ~ ~  In t ~ t  st ;~t~bti i  of At' -: 41 1 ;iri(l 29.0 rrs~x~ctivcly. 111 the 
sirlnllatr~rl ylrv,tln. t l ~ r % i ~ ,  \..I!:I~-. i i~r r t> i [x~~i( l  10 :3 and 7 i111t nf th? 1000 spri.tra rrspcct,ivcly. 

Thll, till> 1 1 1 1 ~ ~  ~ l V ~ ) ~ ~ l ~ l l ' . ~ l \  ~ ) l ~ ~ ~ ~ ~ l ~ l 1 ~ 1 1 y  ll1at ~'<l(.h llf t l l C  l l l < ~ l ~ l i ~ l l d ~  1111es 15 CIiie ti1 rdrldo111 
st,it,~:tii ,,I Hrrc tli.it1011 :j )i 1 1 1 '  iu,tl 7 x 10 ~ < ' s p ( ~ . t i ~ i , l y .  F1irthcrnrorc thc null p robal~~hty  
tILcit l ~ > t 1 1  !I!IVL ~ir(, I ' I I ~ ~ I ~ > I I ~  I., I \ I ( ,  111tjtliirt r ~ f  thrse prt~l~d)ll~ti t ls  1.c 2 x I(\-'. 

\li h ~ r t l i < ' ~  r l < , t ( ,  tl!,~t 1111, !) 1,r.V r-r~~t-fl.rr~rf: i11hi1r[)t1011 IS dl10 i n d r p r ~ ~ i l ~ r ~ t l y  detectrd in 

I~ntll XIS FI C:(:I)I XISO .<11r1 XIS:$. 1,iit I I I J ~  tlir b,~i .k-i l l~uii i~~atrd XIS1 which has little 
x . ~ r ~ t ~ v i t v  , t l~~,vr,  7 L1.V 1 i i t  i ih i~ i~ l~ot~i l  that t 1i1, ;~l~iorptiori ii rluc to raridom rlraricr: is further 
d1111i1i1.4ir~l \v11e:1 t l ~ r ,  0 0 1  X, \ [~I -TPU.~IJI I  i i ;~ta nrt, considcrcti. F i g u ~ c  2 (lower panel) dlso 
plots i i : ~  ?OOl I'i'l(:-\>tr <I.I$ .t IIVIV la111 11por1 tilt. Suzakri XIS q)er.trnnl. Abw)rptioli is clcarly 

~ I I < , ~ I , I I ~ ,  111 t11r XV11 S(,\VI~III 11,it;1 (1vit11 '1 t r o i ~ g l ~  apparrnt I>et!v~er~ <I 10 keV. quasar lest 
I )  l t 1 1 1 1 1 1  I s t  I ~ J I I ~ I I I I  I I I v i c  Indced the possibility of 
cl~,cp Iloii l i  ~ r l i ~ ~ l i ~ ~ t i o ~ ~  111 i ' l ~ S  ,150 n.,i fi~,t iiotivl ill Rcrvrh 1.t al (2000). on the basis I I ~  

Io\v I I ~ ~ , I I I ~ I ~ I I I  ItX'I'P: I'('.A. 11,rt'1. '111cta t11e c o ~ ~ ~ i i c l i ~ ~ i c e  t1f :~ l~so~-pt io~l  in t ~ v o  indepe~~d<mt  
~ ~ l ~ ~ r . r i , ~ t ~ o l ~ - ,  (.uiil t i , i r , i r  i ~ l ~ c  - )  , i t  V I Y ~  ~ I I I I I ! . I ~  ~l~c.rgi(is \vi1~11~1 apj)I:ar to co11fir111 the drtr~.t ion 
<,I tiit, 1 ~ 1 ~ 1 ~ ~ - . 1 1 1 I f ~ ~ ~ l  iiI~>,orpti 111 I1l1S.L5tj 

4. Thc: Or ig in  of t h r  I r o n  band A b s o r p t i o n  

'I'lw ] ) i ~ , ~ % i , l < ~  O I I V ~ I I  t > t  1 I Y  ITOII I< 11,i11d c ~ l ~ . ~ r ~ r ~ i t i r ~ ~ i  I; I IOW d~\ ( ;u~ , rd  

-1.1. 1d1:ntification of t h e  A b s o r p t i o n  Lines 

A \  \lloiv~i ,LII<XI. t 111. . I I I ~ ~ ~ I ~ I ~ I ~ I I  I I I I I ~ \  t11,tr:l t1.d ill tlir XIS ,ippcar to 111s higlily blue-nhlft~.d 

ic1t11 re,ipiu.t to 111<. i ~ o n  1<-~.11i~l l  l,.iriii. \icitli ()SO ii,%l frd111e mergitls of 9.09,1 0.05keV anri 
0 G4i  0 OH krV FI-111-r 2 (10u1.r I J . ~ I I ~ ~ )  iIii~\v\ tlli- XIS FI rrsiduals III the 11on ti band to  the 

al)ove I ontlnuum rnocicl in the q i iaar  frame Tlius if e~tlipr line is d.\sorlatcd with the itrong 
Fexxvr Lyman-n tral~z~tiori ,it 6 97krV. then tliii implln ~clativistii vcloirty s l i ~ f t ~  oii ' , , , , ,~ = 

0 . 2 G  t O 01' (-78000 i 2000kn1s-') and I,,,,,,:, = 0 . 3 1  I I1 O l r  (-'43000 t 30fiOkni.-') 
rrspcct~veiy for each line, w111ie ~f tiic ahsorptiolr ii &wiciattd ~\.itli 1ont.r iolilzation 1, - 2p 

tiansitions. e.g. Fr x x v  at 6.70 kcV, the blue-Jiift rrquirrcl \\-ill br torrr.~por~~ii:lgIy higlicr 
Storeover an idmtifiration \\-ithoiit a large hluc~sliift is cstrrnlrly unlikrly, tlierc at(. 11.3 

strong line transitions iii the 9.1 9.6 kcV range from abundant cle~lic~it, (r g Zri xXX 1 5  - ?p 

at 9.3 keV or N I ~ ~ V I I I  I s  - 3 p  at 9 55kcV would t>c u~~detrct;il,lr bx i ing  rxtraord~n,rrily 
strarigr abunilnncrs) Bou~id frre ,~hsorptlon by Fcxxvr at 9.2i  krl' Ilia\- appear t o  be 

plausible, however in a srlf- i~oiis~~tent pliot,oionizatiori model (xr bclow). ,I strout: (> 100eV 
EW) Fexxvr Ko ahiorption lilrr (;it a rfct-energy of 6 97kr:V. 5 8 ~ k r V  ohwnrril) mould 
arronipany a detcctablr (I.? T > 0 1) edqe like strurt i~rc a t  !) 3 keV; -1iclr d lille 15 not 

pre,er~t in the spect,rum to a 11rn1t of i 20 cV 111 EM'. \\'c d i s c ~ ~ ~ s  this po+,ibillty fur tllrr 
below. 

Seither is it 11kcly t,liat the lines nrihr frorn loial ( r  = 0 )  iolii7d niritti7r, for exariipl~ 

&soriatcd wit11 our grrlaxy or the local IGSI: r g. 1IcKernan r t  al (2004, 2005) but d h l  >ir. 

Rceves rt  dl. (2008) 111 thls hccnario the lint at 7.67 keV (~ihker-\rctl frariir at z = 0) roiild 
only arise frorii Ii$ transitions of Frxxrrr or Fexxlv  fro111 7 6  7.8krV. rnl~ilr~ tlir S 13 kcV 
(observed) lilie could be associatrd x i th  eitller the Ki7 lint: frnrri Fcxx\'r (S 25 keV) or thr 

Ly-n hne o i  S ixxvr i i  (R.lOkcV) Howevrr the ti8 linr:: of ionized 1ro11 (i c from Fcxviir 

and above) car1 be CXCIU~CII. a the rorrc.iipondingly strongccr lia tranbitioni brtu-ccil 6.5 
7 0 keV are not observed. wilile any XI ti-shell absorpti~lrl will be rstrt:mi.lv wrak dur  to  it., 

low abundance 

Furtliern~ore driy ,~hhorption froni thr  iocdl IG1I no~i ld  111, of ratlier lorn t! lr t~li~cll~c 
vrlocitv. For in-tancc if a iomponcnt of the loi a1 IGAI or loc,ii hot b i ~ l ~ b l c  Sdi has d tcIIiprr- 
ature of T = 10'K. then thc thermal width of tlic lirirn would only be o = 40 krnk-' ior i ~ o n  
atonis. I r id~rd  any alxorption fro111 t h ~ s  g ' l  with sur.11 a lo\\- t11er111aI \\.idill woiild producc 
very weak ahsorption liries witti eiluivalent widths of the orclcr a fc\v 'V. undi.trctablc with 
thr  currcnt non-ralorimeter d c t ~ ~  tnrh. Thuo 11~cal ( z  = 0) rriattrr inxi br. rillal (lilt ds rt CIIIISC 

of the 9 keV ah~orption.  Instpad t l ~ r  akorptlon 11iust bc a.>~iiri,~trti wit11 PDS 150, poi>ihiy 
frorli highly blue-shiftcd a1,iorption from all outflorvmg \vin<l. as i> di>i.lis,ccl iii.xt. 

4.2. Photo ioniza t ion  Model ing  of t h e  I r o n  K Absorpt ion  

We further niodcl the Fe Ii absorption using gnd of x s ~ . \ f <  (v2.llnS) pliotoion~z.itioii 

n ~ o d e l ~ .  This n i 7 s  tlic latest FP K-shrll trratmriit of Iiallrnan rt dl (2001) and colar abun- 



ti;itir.r~r (Grcrcs.c k Sauvdl 1998). while an illurrdnating cont inu~~m froni 1 1000 Rydbergs 

of r = 2 2 iq a,zsum~d A large turbulence of ;. 1000 kms-' is requlred in order for the 

Fr K absr~tl~tlon line. to be un-satnrdted ; u ~ d  to  be of high (- 100cV) equivalent width: 
su1.h a vcloi.its rtiav bc associated with an Inner arcretion disk wind Here rve adopt a high 

turbulenre volority of a,,,L = 1000Okms~'.  con-istent with the limits on the absorption Ilne 
widtli, notin$ tliat we also trsted tht, rnodciz (A C) b'low using a lower turbulence grid of 

3000 k n ~ s - ~ .  producing almost i d e n t i 4  rcsults Horvever smaller tiirbulenrrs < 1000 kr~ls..' 

fdil t,] tcp~x111re the olxxcr\,ed ahsorption liue equir,alent widths due to saturation The XIS 
FI only i, used in the spwttal  fits. as this is riiost sensitive towards the absorption above 

7 keV. 

Tlic continuuni is patat~ictcrizd by a broken polverla~v absorbed 11y a Galactic liiie of 

s~glit colunin of gd4 over the 0.5-10 keV )land, as div:u>scd previo~~zlv. The two soft X-lay 

Gauszlan lines that arc. apparcnt ncnr 1 keV. arr di>o included: hereafter we ube tthk as the 
bdscinie r.uritin~tuni model for compdrison. Although thiz pn~vides a good description of the 
bruad-band X-ldy tontin1111111 ill thc XIS FI. the datn shorr. clear residnals fro111 6 9keV in 
the. irun I< bdnd (c.g Fig~lrc 2) Tlie fit statistic of \vdvf  = 298.5/210 is formally rejected 

ur~tli a 11~111 Iivpollte5is prohabilitv of 5 4 x 10 -'. 
The rcqli~icri iton l i  absorption ih f i r ~ t  mudeled rr.tth d single layer uf photoionlzed gas 

fully covering the X - I ~ ?  s0uri.e. fitted via a grid of abaorptiun models genelated t ~ y  Xstar 

alid is lierraftcr tefcrrcd to  dz lfodel A. \Ve call express tile model a:- 

F ( F ]  = (BPI, I GAen,) x S T A R ( [ .  .VH, c,,,,) x e-"'""" Gd (1) 

u-hen, BPL i. ttir brr~ktm po\i.rrlaw continuum. GA,,,, represents the Gaussian eniisziori Ilnes, 
XST.4R 1s thr  siiigli. layer of ab\i~rbulg ga5 mudeliad via Xstar (with NH, i and I ," ,  a variable 

para~netci-) ,  e - o ( " i \ ! i ~ - ~  is the n e u t l ~ l  Galactic linr of sight photoelectric absorption a l ~ d  
F ( E )  is tlic crnergr.nt enprey spectru~n This proclucri a guod fit to  the data. (x2/dof = 

224 0/201. iiull probability O.l51). a blend of tile FtzXXV dnii FeXX\rI 1s-2p resonance lines 
niodclz tire a0sirption line pnlfiie; the Xztar atliorber paianxeters are sirmtnarized in Tziblr 3. 
A largi. outflorv vr:locity of I;,,, = -0.30 1 0 Wc is required in urder t o  reproduce the energy 
of the aLlsurpt,io~~ lilies (ncnr 9keV in the rest f ia~nc).  Furthermore a high colunln d e t ~ 4 t y  
(jVll = 2.2&: r 1O2.'crn-') a11d lonizatinrl ~rdldmeta (logt = 4.1 f 0.2') are aim required 

to  piuduce sttcrng highly iolllzed K-skiell absorption llncs frc~rn iron. The iron Ii-ernisslr~n is 

inclndwl as d simple hroad Gaussiarl. noting that we rvill consider more pl~ysical modc~ls for 

the iron K/L sllell cltlission in Section 5 and ti. 

' ? ! L C  un:ia o f f  i u r ,  rlgi.ni s-' 

How~vrr nnc Xztar zone w~t,ll n \itl::lc o~ttfir~n. v1~l11r.itv il:il.5 IIO! ij:~i!r, itr,itrlv nic~~lcl 
tlic al~sorption protilc &own iti F'l~rirc: 4n. ,L, thr. hir,tc nl,, I~~,is .r ,r , l~ I;r.x.~v ;it111 F(:( :Yx~I 
lo - 2p  ttansitionz (6.70kcV ;incl 6.97kc.V) is \n~,rllr.r tI~,iii !I < ,  111,-,.1vt~rl q ~ ; i i , , t i ( ~ l i  rlf tlirx 

alrsorptirrrl linc. at 9.0hktxV a~lrl  9 62kcV ( I ~ ~ s ~ - ~ I , I I I I ~ ~ )  IL . , IWI  t~iwlv TIIII, ;I l,t,tlrr ht 15 

subsr~q~~cntly o b t a i ~ ~ e d  using two z o ~ ~ e s  11f al~suri~ili:: 111.1tt<,t u it 11 i i i t f<~~vi~t  r)iltflo\v \,r~lo~.itivs 
I I I I ~  asuni i~ ig  lrlcnt~cal ~ ( I ~ ~ I I I I I ~ S  slid ii111k~dt1ot1, 'r111, r11~,,11 I i .  r1,1',,11r,iI to ti,, I I I < I I I I , I  B. *itiil 
i:, shown in Flgllrc 4b 4 ~.uliimri rirknsitv of No -- [I.:$ t 0 5: , L O "  1.111 ' 1, ~ c ~ ~ t i r r i ~ ~ l .  \vliilc: 

a liigli ionizatiol~ paralirctcr of logt - 11?1!:9 ir~lplr~,. tl~:i! i i i r l  I. ~ ~ ~ ~ ~ ~ i ~ i ~ i i l r i . ~ i ~ ! l v  iii a [f-lib, 

>late. The outflr~w ~~elocitlcz ohta i r~r~l  err  : 0 2(i : 0 I.!, I ,  ,!,, - O '31 4: O (121 
r'I111c the fit, statist,ic is good ( X ' / d ~ ~ f  = 207.3/213:(. irlill Ilrri'~;il,il~!v 11.1) S<,tc, tliat th r  
])r(,ze~~re of su1)stantiaI co111111ris of 111\r.i~ ~ I I I I I Z ; L ~ I I I I I  gri., [ \ \ 1 1 1 1  I * # , , (  ,: .$) fullv I I I V ~ - I I I I ~ :  t l r ~  

AGS are ( ~ x r l u r l ~ ~ ~ l .  8s ttiis w~1111cl p111i111c~t~ ~ ~ I I I ~ ~ I I c ~ ~ , I I I I ~ ~  ; ~ I P , ~ ~ I I I ~ ~ I I I I  I I < I I I I  L - ~ l ~ ~ ~ l l  I I U I I .  ;is ir.tl1 

its K-shcll linrs frum Mg, SI altd S I1cl11w 3k1.V ~ ~ 1 1 1 ~ ~ 1 1  ,tuv tri~t 013~~~1v1~1 itt t t ~ r *  Si~z;lkii 
XIS apcxtrun. Low lo t~~xat io l~  gas. p;iltially <.<Jv(.rllli: 1 l 1 l  ~ ~ I I . I ~ ~ I O ~ I  I~i~li,i\, I0 kt.\' 1111ri11g 1111% 
Suzaku ubst,nratlon. can hc exulildrd rlur to t l t ~  1nc.k 01' I . ,~ I I \ . I , . :  c ~ii\ . i!~irc 111 1111. XIS \pr3ctnilrl. 
liou~e\,er thii 15 not tlie raze for t l ~ c  2001 X l l . \ I - S r ~ a ! , ~ ~ t  ;1,r,i ~ I I I I C I  o! 1'I)S l i b  ~li.., I I - , , Y ~  in 
Section 5 3 .  

We a l ~  allow 11ot,I1 t h ~  I I ~ I I  ~ I I I ~ L \ I I J I I  ;i11i1 ; I ~ I ~ ~ I I ~ I ~ I I I I ~  I < ,  11~1vt t111, \ , ~ I I I , ~  wlf , , ~ ~ i . , i \ t v ~ ~ t  
veloeitv brr~adening. v ~ d  con\.c~lution \r.lth a si1nl111. Grlii\\t,iri C I I ~ I , I ~ ~ , ~ I I I I ~ : ,  lrttic~tio~~, I~err.aft ,(~ 
referred to as niudel C This ntigl~t l ~ e  tllr I ,rsc k i ~ i u ~ l a t ~ <  ,1111. 11 ! I I V  I I I I V  I . I I I I S ~ I ~ I I I  1 ,  ~~itc::t~,tr.d 
over a smooth wirlc angle outHow ur if tlir alisorl~tio~i I,. r.~c,\v~l , ~ w , r  ~ ~ i ~ i l t i l ~ l e ,  Ittir.~ ot ig l i t .  F 5: 
if the abx~rber  is extended n..r t tlic X-t,rv \,IIU<:I.. 01 it pIt<itoii- .tri, - A  . I ~ ~ ~ I I Y I  tiiii,i~::i~n~rt tlic 
How, a> might 11c exprctt<d fc~r t l ~ c  high rv lu~~ir i i  111~~rrvt,<l h ~ i  i, 1 Iil-. 111orlc1 < ,ui 111, i%xpre.,brrl 

a7  - 
F ( E )  = !(BPL i GA,,,,,) * XSTAR(:. A\! i r , , , , ) ;  . ( :  2 . , ,  r 'If """ " 

(2) 

whcrc GA,,,.., is the Ganwiau I~~rladrt~it~::  I . , , I I \O~II ! I~I I I  I;II - I I I , ~ ~ ~ I (  i t )  , I  iil!:li> 1111ik r!~itH~~w 
\.c!ocity 1s a s u m r d  for the alizori~tioii. wliilc t 1 1 ~  111111 ~~III~\-, I~~I:, ' , : !~~oI~~!IoII i i  . I ~ ~ ! I I I I ~ Y ~  to  111: 

i~~tririsi:aIly nar1c)w (ptior to  l ) i o ; t i l ~ ~ ~ ~ i ~ ~ ~ ~ ~ j ,  exr~l ) t  1111 I l i c ,  I iir!11!1t LY lh,~.itv n~)tvtl ,dtci\~,. 
The lt'.~l1~t11lg 1110<~el 15 5110\~11 ill Fl)<llrc, 4< \ Y ~ ~ I I , ~ I  Iicia ;I \,,,'IN I I V  \ > I C ,  ~ ~ ~ < ; I I I I I ~ ;  o! 2t10lJO 
7 0 0 0 k n 1 s ~ ~  (FWHII) a ~ i d  a tict olltflow vi.l~,cicy 111 il ?(I  ! 0 !I?, \\'lii!<, tlli. irxl,lr%,:irt> a 
statistlrdlly aderluate fit (~ ' /c i t~f  -= 227 ' J I L O ' J  ~ i r l l l  ~)toi , .~l~;l i l \  0 l :( l] .  t l i i .  rno(L~,l <lei,-, not tit. 
the profile of the ahsol-pt~ot~ f<~aturrk ;it 8 k1.V ,L> w.11 (I f. irlrxlt.' 1 3 )  ILIIIOI : I ~ I ~ I ( , ~ I I ~  1iiiriuwr.r 
than thc \,ck~city broacimrlnp, dcrived !ln.i, 'Sh~b IIII:: \I~ .:I::.;(..! t!,,il ,I I ~ O I I I ~ : ~ , I : I ~ ~ ~ O I I , ~  0utt10~. 
is too s~nipllstic and that signlfitdllt rliln~~~iti:: ill !I:<. ali>orl~,,i 1 i 1 . 1 ~  iic CI I I  t l i ~ ,  i-. 111.1 11v,cd 
further in S(.ct~ou 6. 

Altcrnativclv wt: attcnipt trl tni!drl tllr I ~ C I I I  I< ni,v>ilj111111 \ < i t 1 1  iio 111.t ri~itR:ia \ ~ , l r ~ c  I!V. 
in the quasar r ~ s t  fiar~re at -- 0.181 i.- c1111v ~JI ,LI! , I I , I~~ i j i  C < , I V  1(1.w V . L ~ I ~ I , <  of t,hs, 



t 1 1 t l 1 1 1 1 r  I I , , 1 0 0 k 1 1 1 ~ '  ~ r i  Iri,). .n that tho 9 k1.V rest-frdtiie ,111sorption 
i i  ~ r i ~ ; i l i ~ l , ~ ~ i  ily 11, I I ~ : ,  i-11i.i. ~~lp:~:. I J I  F*, x s v  . i i i t I  Fi xxvr.  yrr tlic r~lriivalrnt widtlis of 
I I J I I S I I I I  I 21' , ~ l i ~ . ~ ~ r l , t i ~ ~ i ~  Iitii,!. arc :iiiCr!l. .I., nil aixorptior~ I!< nbscr\rc~i in thc 
S ~ I I I I I  I 1 7  r ! I  5 ( I .  O r  I r ~ r  f Thus t h ~  high t,~lrbuIc11c~. 
Iiigli c ~ ~ ~ t f l o ~ s  v~,lLx itv ; i I i ~ , > t l ~ ~  I I I < ~ I I  IIIII(I<>IS A 01 i3 :it~ivi> is rt,pIact?d liy ?I Inxi, t ~ i ~ - b ~ i l t ~ ~ i c e  

(o,.,,,, l~lt lAt~i+,  ' 1  , i l ~ .  t ~ ~ ' ~ v .  \vitIi im I I ~  11utl1111i~ v~~lori ty.  Tii<- r(~sultit~:< tiiodd ih Ii~tc'd 
:L.. r t i i i i i i l  D 111 7:il~li .i :I \ r ~ , ~ \  li1::11 r ~ i 1 1 1 1 1 1 i l  (I~lti'l~ly 111 .Vli = 2 3+:li x 102'c~11r2 and high 
i o i ~ t i i  of 1 - 1 : i i :  ; i i  i.ciiu!n il in ~,riif.r lo pro~lucc a dccp aljsorption edge near 9 
kcV. I I I I I < , ~ I I C  li.,, t111, t i t  oI,t,,~!i[~rl wt l i  tlie low ti~rl) i~leni~n absorber ii significantly worsr 
t11~11i fi81 tlic, Ii~gIi \ - i d o c  it? ~ i l ~ ~ ~ ~ ~ i l i ~ ~ t  ( t 2 j ~ l ~ j f  : 75 i 0/2fl8, 111il1 1jrol)~ibility 1.6 Y I O - ~ )  and tlic 
n~oclcl oi11y I rti~I(,lv f i t -  t 1 1 ~  11ro!1It, of tlic ~ c l ~ ~ ~ ~ t j ~ t i ~ i ~ ~ .  FL\ blioti~n in Ftg11rv 5. In acIclit,ion even 
for the I C I \ V  ~ I I I I > I I I I ~ I ~ ~ P  01 100 kill.> I. tlic I I ~ I I ~ C ! ~  51111 11r(,1lii;ts bignificatit rcsonanc.e 1,s - 2p 

~ ~ I I A ~ J I ~ I ~ I I I I I  I , I . I I \ I Y , I I  T, (J 0.0kf 1' 111 III(, ~ I I \ I , I - I ~ I ! c ~  ~IC~III<:.  \vliicl~ is not present in the dat,a, 

'1-111;s t11v I I I ~ . , ~  1 ~ ~ ~ ~ 1 1 ~ 1 ~ ~ ~ 1 ~  origiii of tllc! ~ I ~ ) S I J ~ ~ ) I I ~ ~ I  a[)jl?~lrh to  bf! froni highly t) tue-sh~ftd 
iron K sli('l! I i t i ~ i  oi l i .xs \ . r  I J I  i:(.YYV r ~ i s o ~ ~ d t ~ ~ l : l  wit11 a nlildly r~lativistic (0 25 0 . 3 ~ )  ont- 
flow I%rt 1,~ttc1- \ i t -  i ~ i i ~ r j ~ t  I I ~ < I I I I . I  11 i., tlic lii,-t par~~rii~~ti ' r i~ii t iot i  of tlic iriin I< bantl al,.<orption. 

5 .  M o d ~ l i t i g  t l i ~  Broad-Band Spectrum of PDS 456 

1'13s Lib . I~I I I ( . , I I - ,  to 11,. \~t,~kl;ly rlcti.ctcd 111 tltl, li,tr<l X-r.ty band, as tlcscribcd in Srction 2, 
~ i i t f i  ,111 ~ ~ i t , . v ~ ~ ~ t i v I  15 ;i1 k1.V l ~ r ~ ~ i t l  H~ixof i 3 ?2 I X  1 0  i L i - r g ~ ~ ~ ~ - ~ Z s ~  I. This Hux IS ~ m c w h a t  
11igh1.r t I i , i ~ ~  t l l c ,  lltia I I I ~ ~ , I ~ I I I I Y ~  I,v XIS (3  h i 0 1 i 1 0 1 2 ~ ~ r g c ~ ~ ~ - ' s - ' )  in the 2 10kcV band 
I l i ~ i r r ~ l  i f  ivi. r ~ t t  , . l~<~l , i t~ ,  1131. Iiv-t fit XIS l111ikc.11 ji~racrlnw continmtm rliodel in the prcvioos 
v, I I I I I I  to l i i i , !~~ .~  i,~ii.ip,ti< t i l t .  pt1,111< tc.11 15-50kl.V Hux is oiily 2.13 0.2 x 10-i%erccl~iZs-i .  

T i  J I I I  I I 't ]!I( ri.,iii3 in fhlx ~ I I J I I ~ ?  10 1x.V i i  iiiusbrat<d i ~ i  Fiy111r G .  which sluias 
tlir, cx t r .~pol . i t i ,~~~ <i f  t l i ~ .  i i i i l t ' l l i i l i t i l  l i t t ~ ~ l  to XIS O I I ~  to 111gI1cr 1:11ergirs. Thc ahholute lcvcl 

111 tile I l X n  l1~1s I. 1ir~ri1,1111i  l i t  0 1 1  tiif, I] . tc~k~ri ,~in~l v-trn!,itics of thc tictci tor ,  as d i scus~i~d  in 
Sr.i.tt(~ii 2. \ \ - I I I I  1 1  !vr dr ,  , ) ~ i i i t  lor ,L, a11 c ~ ~ l f l ~ t i f i t i ~ ~ i  iuii.crl,iint~ on tlie HXD/I'IS background 
Icvcl. Aft1.1 11;: 1 1 1 - I C ~ I I  {if t1i1.. . \ -- tr .~i~,i t i~ ellor. tlli: c,xi.r:,i In HXD flux in Figure 4 apprars 
! t ~ g ~ i i f ~ ' , ~ n t  . ~ t  ;I r : i . i ~ l r ~ l ~ l f ~  It.w.1 (11 05) f i t / ;  (.olifi<icli,v (r.oircil~i,ndirig to A X 2  == 131, or ahout 

30. F ~ i i t l i , ~  S I I / , ~ I \ ~ I  IIXli I J~B-~,~u . :L~II , ! I>  w~il l i o ~ ~ ~ ! f ~ i l l y  ~o~i f i r i i l  t l i ~  validity nf the lid~!j X-ray 
t ir lr~(. t ioi~ o i  PI)': 15i i  

5.1. Reflection Dominated htodels 

For now. \vr prorcw(l by taktiig tile H S D j P I S  flux mr,i~ilrr:itieiit ,it farr  vallir, ~iori:~:. 
that the fits 1,elow inclutit. tlir syhten;atic error on the HXDiI'IS I-i:~~.kgioiuiil. Ch~~ip to i i  

dourn-scat,tering or "~eHection" off opticdlly thick matter (Lightnidn 6- iVliitt. 1i)Sh: Gcilrgr 

& Fdbian 1991). e.5. tlir disk or torus. could in principlt7 airouiit for tlir hdid X-ray c s t r ~ ~ ~ .  

'I\'<. model this with Cu~npton  rrxHcctinn off partially i o n ~ z r ~ i  ~natctidl ,  lisi!::: thr  REFLION 

mo~icl  (Rosi et  al. 1999: Row k Fabian 2005). 

The emrrgnnt reflected ipcctrii111 i i  calc~llated for an opticail?-tirir6 citii~c:sphrr~ (>~!cIi a, 
tlir. sorfaro of an airretion disk) of constant dmsity ~!lu~i~ii intcd by radiation with ,I poarr-  
law spri.trriIn. u-it,h a higli-rnergv cspoiirntial ciitr~ff with .ui cfolding encsrgy fixrd at  300 
keV. i.1.. varying as E-~'" '"" '~.  The  rcHected pec t ru ln  is r,ilciiI:~tr<l over thc raiige I rV 
to 1 ;\leV. h'on-LTE calculations provide temperatilre aiiil ioiiiz;ition strut-trirv-. for the gas 

that are ~,oiijistrnt with tlie local rdiliation field>. In a(idltion to  fully-ionvrd spcciri. tlic 

follo~iring ioris arc includfd in thc calculations: CII I -v i .  S!rl-vl!, 0 Ill-v111, Nr IlI-X. 11% 111- 
xrr. Si iv-xrv. S IV-xvi. and FCLI-XXVI. Thus tllr n~orlel self consistciitly col~ipute, ill? iroii 
line jK or L-slicll) emission. as well as f ron~ otllrr ~ l e n ~ c n t s  

Tlic REFLION 1i1odr1 is a i i ~ i  ron;,olved with relativistic blurring fro111 ii 111sk ,iruiind 
aruund a blark liole (Fabian et  ill. 1989; Laor 1991). to drxr ibc  tl:c rctii.i,trd t:tril>.ion 
e x p c r t d  from the innerrnod accretion disk. A disk rniihii~ity falli~ig CIS X - I  ii ' L ~ A I I I T ~ ~ . ~ .  
along with an outer disk r a d ~ u s  of NORg. wlic~e Rg is thc giavitatioiial radiui The  tliudcl 
can be expressed as. 

F ( E )  = [CPL + (REF KDBLIJRj; x S T A R ( < ,  Xl l .  v,, ,,) x I~-"!""'".' (3) 

whcrc CPL i:, thr  ~liiiminating cut-11ff po\vcr!a~v ro~it inul~ni.  R E F  1s th r  Cornptun rvrlrctrti 

cmiwion (onvolved with reliltivi~tic hiurring (IiDDLUR). Ab..orptii~n irom tlic putatim. lirgli 
veloi.itv outflow (deriotcd d XSTAR). is ,il>o irii:luded (ii~odclrtl liy 311 Sstdr grid n, pcr 
irlodel B as describ~d in Srction 1 2) in ordcr to  arcount f < ~ r  the iron I<-ihcll ,ihsorpt~~,ii ,it 

9 keV. 

An adrquatc fit (X2/dnf - 218 51212. nuii probdbility 1.3 x l W 2 )  i- ~>Iitainr,~l, n i t h  
nn inclination angle of 76 - S', an inner radius of < 20R,. ,it1 ioxiizattoii par,iria tcr of 

t = 100 5 95 and d pourer-Ida piloton index of r = 2 32 i 0 03. T h r  rrHri.tlon fidct!on i i  
then I; = Q/27i = 1.3; whrrc R = 1 rorre,poncls to  an infinite slab cffcctivcly subtcntlin:, 

2;; s tcradim to  the X-ray ioor,e ' X hiqli Fc abundatlcr of x i  Soldr i i  iound, driven hy 

'Satr that wc du not cnli.i:!ati thv crmr o:i R. ,.i ,n t',, lii.Fi.~O\ rnrii!<! t t ~ :  ~i .d i i . t e~ i  rdii tli,-nz*~: 



tlir s:ruiig i~ot i  L-.hell eniission ticar 1 keV. althongh this value is not well constrained. 
Oveiall th~: fit ia good bclow 10 ke\'. however the model f>,iIs to  reproduce all of the exces  

in the IIXD ;ibore 10 keV. s r c  Figlire 7 dlthnrip$i the preclse HXD/PIS flux is subject to 

systematic tlnccrtdinty as discitss~rl above. Thus a contr~bution froni d reflection coniponent 
toward5 the X-lay p~nissi<in froni I'US45G may be p r r c n t ,  but dues not appear to account 

for all of the Iidrll X - I ~ V  en~issio~i obscn~ed in the HXD. 

5.2. A b s o r p t i o n  M o d e l s  

An altc,rniiti\~e venario 1s that 1 he lnajority of tlie tntrinsic contir~u~ini flux froin PDS 
4 ib  is 111 fnct absurbcd below 10 keV. tl~rrefort. the hr-a\~~iy absorb~d contimiurn only etnerges 
at~ove 10 k~\ :  and accounts f111 the observcd hat d X-~aiy cxcehs. This is su~nilar to  tile ~ e r r a r i o  

in Seyfcrt 2.1. wirerc a heavily al~sorbed high enera,  c~ontinuum is often seen (Risaliti 200'2), 

13xcryt in PDS 456 the absor0er must only partiallv cover t h r  rontirirlurlr X-ray emission in 
order fur sortlc di~(u.t flux hclo\r- 10 kc\; ~ I I  leak through, producing tlic ohserved cuntinuurn 
HIIX 1x1 the XIS. 4 slm~lar. Compton-thick. but partidllv vxering absorber has also recently 
brc-ti drtectcti in thi- Suzaku HXD ol).x:rvation of thc iunlinous AGN (at z = 0 104). 1H041Y- 
577 (TnrnCr i t  al 2000). Any partial covering absorption nln.st be located close to  the centldl 
4 G S ,  i c tiiiicii clobcr tliaii an). pc .i.die al).orbcr. in ordfcr to partiaiiy rover tht- co lnpd~l  

X-I ,is f r r i ~ ~ i o n  

In ortler to  niodel thi. absorption use includr a serond layer of photoionlzcd gas via the 
salnc Xs!dt grid as dc5cribc~l to Section 4.2 ( w ~ t h  solar abundances arid LS,,,~ = 1OOOO knis-I). 
in acldttioir to th19 liiglily ionued absorption that is responsible for the iron K-ahell lines at 
9 ke\'. Tli~i. this scctrtid laver of photuionizeci gas absoibb only a fractioti f of the intrinsic 

c ~ l t - ~ j f f  pii\vrr-la\\- coot11munl. \x-li~llie d haction 1 - f is not absorbed. Kencc the model can 

bt. express~vl ar - 

F ( E )  = ;(C'PL r f r PC.) ; (CPL n (1 - J)j+GA,, , ,]  Y XST.4R(<. ;\\,. L:,:) xf:C"(')'~~-' ( 4 )  

whc,re CI'L ib tlir cut-off p~~u.erla\v continuunl with an r-folding energy of 300keV. P C  is 

tlir layer of absorbing gas tlidt pdrtially covers the X - ~ a v  source with a covering f1.dcti011 j .  
whilc XSTAR rcpivscnts tile higlilv ionized ontflowing gns tha t  is responsible for the 9keV 

in,n K-siit.11 rtb>orp!ioi~. wllich we assume to  fully rowr all of the X-idy ernision. In this 
riiodrl the  lion Ii and L-,lieil e~ni>siun is incluitrd a,, Gaus~iati  line components represrnttd 

1yi GX.,,, 
-- 

the leHrrtr,d t mi-,am .lnd thc irow<~i-lna continutin, b ra l iuhtcd ovci ttic rang, le\' to 1 ale\'. u.:th ldrgr 
iinti.i tam! 1,. m !he i,\ti,ipo;<it:rii 

Tliih   nod el provides ;I t a t i \ t i (  ally i11.ttc.1 ht ( \ '/cIoi 217 <1/20'), I I I I I I  j>t<~\,,il,ilttv 
0 32). wit11 a pl~oton indrx i ~ f  r = 2.27 L 11 0.3 .4 l,it!~:, ( ~ I I I I I I I I  ~ I C I I < I + \  1. r1,<~111tvd LO t110ii(~1 

the hcnvily a l * v ~ r l ) ~ I  r.nnkponrbnt ahovr 10 kvV. wit li Nil ~ 1.5 7 3 1 ') - 11)'' c 11, ,111rl ~ I I I  

ir~nizati(~n parnrnet(!r I I ~  log< - 2.5 A I! ~ I ~ I ! * , I . I I L ~  till,, !o\,.~,I i [ , i i i ~ . i t r < ~ r ~  ~ I , ~ J , I I I I ~ T ~ I  v,iI>tc- 
(lo&< < 3 0) 13 ~wquired for tlic rv.,uIt,~ng t I I I ~ I I I ~ I I I I I I I  11, l,ii,.,(,l! I I ~ J C ~ ~ ( I I I ,  l)c111\\ lOh1,1'. \vt111 
riic~st of t t l ~  o11ac1tv a~i \ ing  fro111 j ~ ~ ~ r t i a l l v  ii~tii/~vl I I ' J I I  1 1  FV .\kt\  crii(i I I I , I < > \ V )  L.~kv\viv~ t l~i ,  
srts  th r  lower liinit on t h r  rn lur~l i~  dr t l~ i tv  (hr t l  > 2 r 11)" i 111 ') !I11 ~ I I : I ~ I O \ L  vi l i x  !tv tijr t111. 
partial covering absorptior~ zonr is riot f~~rnraliv rt~r11111t*il, i ~ r ~ ~ ~ t ~ v ( , t  I I  i. I L O I  \wlI ~ ~ i ~ ~ ~ . i i d i t ~ ~ ~ r i  

\vith a IOWCI lirnit of < 0 2c.. I e s  t l ~ a n  tor t11r l i~~~,li lv t < ~ t l i , ~ ~ ( i  O I : ~  , 'I'ltc, ( I l l , ( ,  o t ~ ~ t ~ : l i t )  < I \ I ' ~ I I I $ ;  

fiactton of tile al15orbcr I.> f ,,, - 11.72-i 0.12 1.r. :<(I8/ I.. I II~,IIP~,,II , ,  ( I  . i l !< l  tlri, i~ t i ) , ,  r~ii~i-~iioi  
viewcd below 10 krV. 

sate tl1~1t t>tle drdlvilark o f  the { J ~ ~ I  t I<I!~',' < <IY<,I lij;: I I I < > ~ \ , ~  cilhi i l-w~i ~ I \ I I ~ ~ I ~ ,  c o l t l j ~ ~ i r f ~ ~ ~  t 11 

the n3flcction tnotlcl. is t,llat tlic tmn I< at111 L-,li~~ll ctiri~..i,>t~ i~ r i r i t  I I I I I I ~ I I I ~ I ~ I ~ .  I I I ~ I I  .~rl \VI. Jtiiv(. 

sitnply paranictrrized ttrc c~nihhion IIV G a ~ n s ~ a n .  ,I> dl,, !lX,r.d in Sw t i<) t i~  : j  nn11 4 I l t ~ w ~ ~ v r r  
it1 the r d 3 r  of a Czompton h~ic,k \vital (I , .  u,itli ~Vlt :' lii", 111 ' j  .t:~.t~it~(~iiit t ~ i ~ i i ~ ~ r o t i  V I ~  

C o n i p t < ~ t ~  rcflcctio~i off th? win11 \\~olil~l L I P  r - s p f ~ ~ ~ t c ~ l  rit~ll (m111~1 , I ,  ~ ~ I I I I ~  tot i i l ) ~ ~ - v c ~ l  ~ > I I I I \ , ~ ~ I I  

1111es ah \veil ah tlie ~ I C I I I  ti l~,%tirl ~il~-,~rpttoti .  LVr III.,I.II,,,. , I I ,  11 I I I I ! I , I I , I  f i l l  t11(,1 i t 1  St,< t t t 111  0 3 

5.3. C o m p a r i s o n  w i t h  P r e v i o u s  Ol~sc~rv;tt.iotxs 

Variations in the ak~st~lpt,ioii tom;ii(I 1'11s lili 1 1 1 ~ 1 ~ .  i l I r o  ~ , ~ j , l , ~ i t !  01t- (It,ibtl~. I<III!: tr.rt11 
s j ) t :c t~~~l  vartcil)ility of tlic .4GS. E tp,ilrc 8 ,Ii~,\v- tlli, vF;, q ~ r ~  t i , ~ l  < ~ , I I I ~ ~ , ~ I , V I I I  I I ~ I \ v - - I ~  tiin F'~!I 
2007 Smaku ol~s~,rvation with tllosc 11v HXTF, 1100'1/30!)1 1. ,\SC'A 1 I'I'lS). X\I\I-Sr,wtvti 
(2001) and Chariclra (2003): 5ef. Ta i~l r  1 for- ;I l l i t  of ~ l i ~ ~ t \ ~ i t ~ i ~ i ~ -  U(.lo\v I0 kc\'. I'DS 3Xi 

shows re~liarkal~lc spc1,tial var-i;iliiItty. RXI'E I'I!!? ;11111 S\f\1 ~ I I O l  I . I I I ~ ~ I I I  t111, .4C:S ; i l  

relat,ivcly high flrtx. ai prcviou4y r l l s  I IS , IY~ It<r,vvb r.1 ,,I i.!Oi! i) ilr~r~vvil .I t iiv~.ti~~:; II.I< ttnii 
of trO% for tlir absorber i l l  tlic ZOO1 S\l \ l  Sc ,w~t ,~ ;  r , i i ~ r , i \ , r t  ( I I ~  i l i t i i  .I  ( ~ , I I I ! I I I I  i i(i~nit\ of 
5.7:;; K l O " c r i ~ r ~ .  an 111nii,dtrtx1 ~ A ~ I ; I I I I < > I I ~ I  of loj;( : '1 7 0 < , I ~ ~ c I  , I J ~  011tt: nv \,rlc~<.ity 
of - 50000kn1s I. aitliougl~ tlrr Iiitter ia11tl. \v,ti iiol \<:.!I < : ~ I I  I I , I I ! I I ( I  t i i  I l l ' ,  I l t ~ t l t : ~  4 J k b  

ol)servation Tlic low rc,wli~troti RXTE/P(:A \pr<.tia. t i 0 1 1 1  11, !!I l(lO* .iii(I :2001. ,II.~cI  LOW 
a deep abs(~tption trough at 8 krV in t111, i>ix,ctv~~il t i . i r i t r , .  M ,  11 I - I l i i r l ~ l \ ~ i ~ ~ ~  .i I I > ~ ~ I I I ~ I I  

d ~ n s i t y  for tllc <ibsorbcr of ,- 10?' rnl ' (Rwvr i  r.1 a1 Z r l ~ i t l ~  



p , ~ ~ ~ l ~  CI ,  t~\,,,l 111 t l t~.  , : I I I ~ , I I I  ~ ~ I [ N , I  11v1tIi 1i~OOllk1i1~ ' t ~ t r l ~ ~ i l c ~ n r c )  T h r  r ~ ~ r r r i i t  gr1d5 have t1if3 
d c l v r ~ ~ ~ t  ,, I I I  t11~1t I I I I , \ ,  I I ~ ,  1 1 1 r 1 1 ,  1111 lo (I ; i t i ,  (>[,,I( ltii,. ii<irri p;irt~all\, io111z~~i iion (Iial1111d11 ?t, 
I I 1% : I I)!, tr.,:i, :tior:, I I C I I I I  15, X V I I I - X X I V  r ~ ~ i ( l  liigli ordci t , r a l ~ ~ i t i ~ n >  f1~ii11 FCXVII  
I I 1 I !  i I . i i l i i .  ~ ( I ~ I I I  ~1,. tllr 1)<11t1dl C.O\CI-PI in Srctio~i 5.2 wa.5 artoptmi. 
A, IXV ~ U / , ~ ~ I I  XIS ,, l i t ,  , i~~~i i / . i t~o! i  o ~ i t I l o ~ . i ~ i #  /io~if (.an fit tlir obx!rv~d dip 8keV; 
xvitli l ~ g <  ~ 4 7 I 0 5 7 5 -1 2 / I O ' " ~ ~ I I I - ~  r ~ ~ ~ d  - -0.30~:. 111tcrc~tirtgIy partially 
e<,v<.rlI,:. I l l i ,~l~ji t ioi~ I .  - i l  . i  l t ~ ( / l l l i i  i l  111 t t i i '  X.\I\I ?;~-lvtoli (Irit,a to  lncjd~i tilr blihitantia! 
< O I I ~ , I I I I I I ~ I I L  I I I I - ~ , ~ ~ I I I ( ,  I ) ~ C . . X , I I ~  111 tllc; il.htd ti0111 I-10k1,V ( . ~ r  Figllr<, 8. grer11 pointb), tiowcvcr 

thi! ~ ~ I ~ I I I I I I I  I ~ , ~ I I P ? ~ Y  I.. l , m ~ :  (.Y~I - ,  1 A I ~ I ~ ' ~ I I I  ( . I I I I I ~ > I I < ~  ti) t11c partidl covc!ri2r 111 tlir 
S I I , , ~ ~ < I I  1 ~ 1 ~ r ~ ~ i t ~ : ~ i ~  (.Vri , l i ~ " ,  I I I  ') 'rI31~ pcirti,~ll\- ~ ~ i v c ~ i ~ i g  ~ C L ,  is low ionizatlc111 ( 1 o g ~  < 
2 1) I I I I I 1 -- 211 Irnrs f l r i l l i  FCYVIII -XXIV;  ih5 the L-shell is fillr~l. 

nl,iIi. 11- ~ r r ~ t H i l n .  n,lrir :rv I -  I I ~ S I  i.oi1-11~~111('(1 Ijv the 1111 datli Tlic roveliiig fiactioli of this 
<tl,:,orI>l,r i ,  I L L ~ , P I I I ,  11 1 8 1  ~II:.', V(TY ~ I I I I ~ I ~ I I  t o  t11(> S I ~ Z ~ L ~ I I  v;i111<> 

118 l.,~l!tl,rt ti, t1!1- I l l ( .  ('l!.ti~ilrn/Hl;TG i~ l i s i~~i .a t~on of PDS 456 111 2003 jdnei also 
4 . 4  I I 0  I I v I ( 1 :l)  IIJW Hux sl)rl.trllm (1.r. XhIhl 1001. Frl j - l , ,  z 

1 I A 10 V I ~ ~ , < I \ I  ' i ' I ~ , I I v ~ I , I  200.5, F,;- -= 4.0 x 10 ~ ' 2 e r g i : m ~ 2 s ~ 1 )  rhangrs  111 th r  
<.o\~i.iiiig . t ~ ~ l / i ~ i  ( i > l t l ~ i i ~ i  ill 1111 ( l i~ \ r~ . r  ~ i i i ~ i % . ~ t ~ o ~ i )  dli',o11~111g 111att.t'r could pohiibly reprodure 
tlii- <1)1,  tr,!I v , ~ ~ , , ~ l ~ ~ l ~ i v  i ( , I  ! T I  ~ < [ I I (  c ,  i f  t,I11, I S ) ~ I I I I I I I  iivlihity I I ~  the partla1 covesi~ig alj5orber 
~ c L . .  !,j\vvr I ~ I I ~ I I I C ,  I I ! ~  20(11 X \ I L I - S ~ ~ V ~ O I I  oI~~c!rv'~tiori, (oni11ared to tlu, S I I X ~ L ~ I I  obAervC~t~o1i 

(,, K :\-,I - l ( p l l  111 ' vh ,. lO"1 111 ') thi- ~ V I I I I I ~  aI11iw rrturc oi the dirrct contir111~11ii to be 
oi,scr\-t~(i I,rdrnv 10 L(.V. i i  : ~ t ~ l t i l i i :  111 '1 liiglirr HIIX iii~rlii:: tllr Xh1h.I-Xewf.on observation and 
ar(.~li~ttiiij '  ioi t i t , .  o:i\.cx $[:I,( ~ I < I I  > I I ~ I ~ ( ~  111 1011. I0 krV Tlie lowml flux Chandra observation 
r,,111il ,rhii I olit i~~ii  CI  ~ ~ i . . i l  (.I ( 111it  I ll~lition fro111 tile rcH~rtc(I crrlih\i~n. however ally :<iirh 
~ ~ I I I ~ I O I I I . I I ~  \i.i,iil~l 11,ivi. t i t  111, I ) I I I . I I I I ~ I I ~ Y I  ;IS 1 1 0  lir~rr<)w iron K-cn~i~sion i i  observt~d. Tlic 
Iolig-tr.1111 < [ , I <  11.11 1.in.11,il t~ of 1'DS -i56. r.q ill tli(, context of a vari.iiilr partlal covering 

c ~ l ~ w ~ i l r ~ ~ r .  nil1 I:(, I I I V I . ~ ~ I ,  t11.J ui I I I ~ : I ( >  ~lr.t;iil I I I  a \l~bwc[~lrnt pnpcr (Bidiar et al 200!). in 
prc31)dr c ~ t i ( ~ ~ i  J 

6. Discussion 

0.1 l ' l lc  I n t r ~ n z i c  Luminos i ty  of PDS 456 

OI,,' ix~~,.!l,i~ ii~::-vfi-li,r!,i, r r i  tlii. I;i::l~ ii~11in111 rlenhtty al~sorpt,iori towards PDS 456 i- 

tliat t i ~ i .  ilit~iii-ii X-I,IY I ' : I I I I I ~ ~ I ~ I ~ ~  III ,IY Ilc liigile3r than ~niri-I-eel below 10 kcV: tht: ob<ervrd 
I I I ~  I I I  2 1 1 I 1 A 1 1  In <.ontr&\t the l)okintctrir lunlinosity 
i 1 l t 1 1 t i 1 1 ~  I , I I I  1.tii111 thi. olitli '11 q ' i c c t r ! ~ ~ ~ ~  of I'DS 4513 ( S ~ I I I ~ S I I I I  ~t al. 1999) and 
cnrrc.( ~ I I I E  f01 t l ~ r  c O > I I I , I I ~ , ~ , \  I ~ - ~ I  II! t 1115 p'ipi,r. !/I,, (5100.4) == 2 x 111''' rrgs-I, tlicrt,b\, 

assilmilig a typicdl ri.Iation betwrrn thr 5100.4 lulcinn~ity and thr 1;oIonirtric 1~111i11obity 

(L , , , ) )  oi Lh.,, - 0 x vL,(5100A) ( I i a q ~ i  r t  al. 2000), ,311 ritilliatrz of LI,. I : 1 fi x 10i'rr.c;-' 
for PDS45G is tlerivcd. As a co1ta1ste1ic.y chrrk, c.alt~iIat,d thc iiltt~gr~iteii inha-red to  ilV 
luniiuoitv (LLR-( \ )  bayed oil our prrviolis ijlectra in tlic IR (1 - ~O~LIII ) ,  optical i.3000 - 

8000,4) dnd Ill' (1200 - 3000.4) bands (S~lnp,iin et ;!I 1999: O'Brieii rt dl. ?:jO5). I l l ?  dr- 
r d d r n e d  LIR .(.\. is 1 0 x 10Ii el:: s-.'. \ \ - I I I c ~  tlrfineh ;I Iotvrr-linlit to11 LI, 1. as tllc EIJV tidnd 
emis;ion is not includcil T I I I I ~  herr,iitiar 1%-e ndr,pt L,,  1 = 2 r 1 0 " v r ; ~  ' tlir b~111111icrrir 

lumino\ity of PDSI56. 

H ~ n r t :  the nl>scrrrd 2-1b keV ltln~iriosity nlr,x<~~rrd liy tlic XIS 1. ori!y 0 2 ,  of boloinrt~ii.. 
liieaning PDS 156 ii X-ray faint compai-rd to  mnst quas~lri  n.lic-re 3 5:i of bolomctric liiav 
be expected for a typical AGS SED (Elvis et al. 1994) Tliis thrli siiR:r,,ti tliat part of 

the iiitr~nsic X-ray ,.niisaion m;ly be Iiidderi or absorbd .  ds diiiiis\i,rl in tlic partial covcrinp 

modcl, where 70'X of thr  enii.ssan t t~ay hr  al)i.orb<~i below 10 ~ c V  by a ncdr Conipto~~-thirk 
laver of gas Correcting for this pritntlvc ahkjrption below 10 1o.V. thr  2-10keV l~irnl~iri i tv is 
thrn 1.2 i 0 3 x 10 " erg h I. Furthermore at ttlr high column di.rl5itic.i ol,servrd in PDS 456 
the observed roritini~uin X-rdv Hux may also hc s~~pprcsx;il via 11y a f,ictor F T ,  w h c ~ c  i - 
.%,or alid r r ~  = G.65 ii 10-"em' IS th r  Thomaon 'ro~5-hcction. T l i u  iinr d i.ol~iniri of 

. j r ~  = 2 x 10"rr11-~, d r r i v ~ d  fro111 thc Xstar fit to thr aI1sor1,r.r. thrn T = 1 3  and tlln, 
tho X-ray lulliinosity rorrectrd for scatti>rlrig and absorptlol~ is LZ-,, = I x In1' errs-'. 

about 2% of the bolonirtrlc lrin~inaiity of PDS 45G. This :.slur i riin-litent with tile typical - 3';'; ratio b e t w m  L2_!,: and LI,,, nir;l.~urr<l for typical qua5,iii (Elvi\ r t  a1 1WI) This 

makrs PDS 456 orir of the nioht luminoui known ncarby q r r d ~ d ~ s  in tlic X-rClv hand ~irliiiar to 
3C!273. which is also consistent wit11 its large boloilictric Iuniinosity. a factor of x1.7 h i ~ h c r  

than in 3C273 in tile optiral b m d  (Simpson et dl. lY99). 

6.2. A n  Outflow Model for PDS 456 

Given tile high ionbation st atc (and ~ O ~ C I I I I F  partial covering) of tlic abcoriIcr in PDS 456, 
it is morc likrly to  rehidr close to  the X-r.11- i~mimiori rrgloli a l ~ d  not at p a r c r  scalr-. com- 

mmnuratn with the rnolcc~~lar toruo, as p~edicted by AGS L1ri1fit-d 51 Ilrrnc,. (Alitonucci 19'13) 
and a? suggi..,ttd for sonic Sryfert outflo\c--s (Bchar rt  al 2003- Blust~ii ct '11. 2005) 

Thus it is not llkely to bc the sdrilr matter rcspo~iaihic for the X-ray a b ~ ~ ~ ~ p t i o i l  to1vards 
Seyfert 2 galaxies. as PDS 45G is a cla.\+ic 1u111inous typc I quaias 1\itlt an uriobsclrrcd vicw 
ui the optical/iIV BLR (Simpson ct al 1999: il'Brien r t  nl. 2005) The S-lay ahhirbcr in 
PDS 456 1s probably too higllly iontzcti to calt,e .,ign~ficant ,lI~\orptio:i uf tlii. UV enli,iioii 

although an outflowing ahsorptron compnliciit tc, tlir Ly n linc profile appc,lri in ttir HST- 



STIS >pectrrttli ( I ,  - 14000 - 210UU k n l s i ) .  as well a.\ highly blue-shifted (L, == 5000kms-I) 
C rv rmia>~o~i  (O'Brien rt  dl. 2005) Thus one postbiiity is that the X-rav absorber is 
111rth part of a masvive ontflux~~. with dcrtsity tariatiolts rrsponsihle for different gas lay~rs.  
1)etlse (71 - 1 0 1 L ' ~ ~ ~ 1 - 3 )  C I U I I I ~ S  urithiti th r  outflow ran account for the possible Compton-thick 
ahsurption abose 15 keV. whir11 partially cover> the X-ray emission. while the Ic>s dense (and 

highly iotiizfdj fully cox7crmt: gas is rcsponstl~le for the strongly blue-shtfted Fe K absorptiori 

lincs Indeed the, high ionization ga> tuav well shield the loner ionization matter. 

\Ve hrst ranskirr tlxr case of a hotnogrurous tadiai outflow f r o n ~  PDS 456 which ronlil 

csist as a \piierical fllnr. Iiut iiiorv likrly az a hi-conicdl n,ind (Sulrntic et al. 1998: Elvis 
2000). Fur impltcity. \VP assutne that  the outflow velocity is approximately constant on the 
compact r dlrs observe11 licrf.. nlthorrgh initial acceletdtior~ must occur dose to t,lle iauncil 

iddius (I e a rd~ii~trvcly driv6.n wind). with decelerati;jr~ orxurring at larger radii From 

iinrple con\rmation of mass. tlre outflow rate is - 

hl,,; = 4i~ljllR'7r1,,<;,~~ ( 5 )  

!\vherc iiR2 = L,,.,/<). I-lcre h k a geoti~etrlr~il fartor ( I  c b = 1 for a full covering. 

liomogri~coiii .~)h~iicdl o~itHo\v) 

In PDS 456 the ionizi~rg luminosity. dcfineii bv %tar from 1 - 1000Rydberg with an 

input corttiriuum of r -- 2.2  is L,,,,, :: 3 x lO"crgs-', correcting for Galactic absorption. 
Tliis l t l n ~ i t ~ o ~ t t v  nmy indutul I I ~  higher by a factor of 3. c g. if 7 0  of the emission below 
10 keV ih ai,sorbrd. a5 In the partial covering scenario However in the calculatiotib below 

we adopt L,  ,,, = 3 x 10" rrrg :' as a robrtht 10\~er limit to t h i ~  Iim~inositv. 

.4,. (liarus.ed iri Sect~on 4 2. the high ionvation matter appears to  be outflonving with 
I ,  = 0 . 2 6 , .  \vitl~ an iultizdtion par-dlllt,tet of Ingc = 4 9: e.g bee model C. Table 3 Thub 

tlir outflow rate in PDS456 is of the ordcr .I?,,,, = 6 r 1U"bgs-' or 100h LI_yr-l. Even for 

a rathcr conicn-ativi. xaluc of b - 0 1. then AIL,., - 10 51,- yr-I. The cutflo\i, kinetic power 

is ttien simply p,,,: - .ifu,.,t'8,,,/2. ~vhirll ib t11r11 2 x l0":bergs-I. Thus the kinrtic output 
of the wit1,l nray be an appmiablc fiaction of the bulonirtric luminosity for PDS 150 fur a 
reasonable value of b Xotr that tlie kinetic power is very scnbitivc tto I ; , ! ,  , effectively varytng 

as I:,,.. hilt note that we d o p t  tile low-t value of the velocity iangp I!,,, = 0.26 -- 0 . 3 1 ~  

derived in Tal~l r  3. 

There is no dilci,t ( t x  g inrrberation) ~riass estirriate for the bidck hole it1 PDS 456. 
ho\vr.c\.cr wc Can rstittldte its Irke!y value from know11 s ~ a l i n g  relations. derived from rcver- 
briation milthodi bctwwn tlre .4GN BLR virial radtus and black hole mass (Kd.5pi ct al. 

2000. lilcLr~tiz k Jamis 2002). If u-e adopt tile relation drnved in McLrlre & Jarvis (3U02) - 

.hfi,rt : ~ . ~ ~ ( ~ L ~ , ~ , ~ ~ / I o ~ ~ ~ ~ ~ ~ - ~ ) ~ ~ ~ ~ ' ~  1 U ~ ~ \ ~ ~ ~ ( ~ d ; : 2  hfL (6) 

wtiete XLBIUU4 = 2 * 10"'f~lei  I r t ~ t c l  f ; \ \ i l l \ l iH.i j  .KJ7L ! 7!,4 k!tl. ' I ' I I I I IV,  PI ;il lct<4i: 
Sitlipson et al. 1999). tile11 tlic \,lack I I I ~ L , ~  i, l~ii:.bJ~:~~ - :) ' j  0 I 11 I C J I  PUS .1jO .4Itf>itl;i- 
tivelv. uutne the equivalent rrlatiilit ilt l i a p i  rl '11 ( 2 0 0 ~ ~ )  ::I\,.+ lii,:.lIi:lr 

~ l! > + 0 'i 11 
Tile Etltlingtuu-lirrlitf,d I ~ ~ t ~ i i n o J t \ ~  I111 ;ui , ~ < l n . t i ~ i ~ :  l~l.>,L i~c~!,, ~ , f  111~1- ,\Ilill I. Li.Al,l 

~ T G ~ ~ ~ T I I ~ I / T T .  \vli~le the E~Iilir~:tott 21,' ivt1i11r lati, I -  ~ ~ r i 1 1 , l ~  .\Il c j , t  - I.r:,l,l/i~i~ ?). \r!icr~~ 
I! is t,hrx etficiency of corlvertlne rr\ht-lil~~*l 11iti1 1'111~:\ I:OI I ' I F  L j O  i t  .) i 10" 51 
then Ludd -- 2 x 10"ietgs-l attrl -- 50 .\I vt ' lot ,, I I  011 f t l i i ,  ~t~.tsiiii~!~:i ~'lficit~rii.y 
fol accretion nnto a R:l~marzw~liil;i \,li>r.k litllr,) 'I'ilrr- tit? lii:, ,- < , ) I +  lli~a. I . I ~ <  ,I 111;~ I >  to ire ;I 
>ul~hlantial fraction of tli13 total :t(.rr~~ttoil i i i t t ,  

The  ~ > c a p c  1~1dit1\ l ~ f  thr  i~r~tflo\v I,, \tii111lj f?,.,, - '/) ' I / , ,  , I-,[/. ~L\II , ,I! ,  I? 7 

G:lI,,r1/c2 ib the gravitational ril[l~l!.j < ~ ~ j i r i ~ ~ i l < ' i i t  to li, :I - I ~ J ' . , <  111 I , I I  .\fl:li ,!Y 1Oc1 11 
For tliv case uf a I i ~ ~ i t r o g e n ~ x ~ t ~ i  i,i(Iial ~ , ~ i t t ~ < , \ v .  1111, < l r ~ ~ , i t \  >,iii<.. ,<$ I '  I?-' , i ~ i ~ l  t11!1- tlic. 
iunization part~mrtcr < :- LiilR' i-, lar::ely ~ r i ~ l r ~ ~ ~ r ~ r ~ r l t ~ i ~ t  of t l ~ o  ~~t~ttlc,!v i . ~ < I i i i ~  l i r , ~ ~ ,  I, tlie ioi- 
titlrti clc~tisity v i r ~ v i ~ ~ g  tli1~111g11 tlri, o~ttfi t~\r  I t t i t -  01 1t;11t fl<8~vit ! o  , I  I I ) , I I < I ~  ~ ~ Y I J I ~  ~vti1[1 I,IIIIII> 

'l'hereforr for PDS4.56. as I\'I~ : 1 5 I I I ~ ~ L I I I  ' ,~tiri lo,:( : I '1 tI:i-it I t , ,  3 x 10"'< 111 ,- 

100N,. Note R,,,,,l is witttin the 1.x1jwt1~i TIV/BLI< < , I I ~ L , , I o : ~  r.tiliil. lc!i I'l?liC 1,:; for 
F\VHLI(Lyo) = 120UUk111~ ' (O'Br i<~i~  ~ , t  ill. 2IJiI5). t l ! i , i ~  lit ,; * -  lOl!O~/, S<JI<, t!i<~t tlw 
lrighly ionized i~ ia t t r r  is 1r11atr:ri cli~sis tu 111r. I~l;i(.k l ir~l~.  ui I ' I ' I ' ; . ~ ~ ~ ~ ~ .  tlii. l tk~~lv <.xi ltliir*~ tlir 
~>f~sbil i l i ty (if low tur.b~tl~~ncc ( a t ~ d  l{~\v I J I I I ~ ~ I I I V  ITIW I I V )  j8,,i.\ { I I I ~ J , I C  I 1). St,, I IUI I  '1 :!I I f ~ i t t t ~ l ~ t ~ t -  
1111: touardi the Iron K banit al,x,r{~tliitr 

It ih ;il>o posbil)l~ that t l i ~  win11 I >  ti01 I I ~ I I I I ~ ~ ~ ~ ~ ~ I I I ~ ~ ~ ! ~ ~  lj't' I, I I I . I ~ ~ ~ ~ < I  c I I ~ I I L [ ! \  l 1 1 t 1 , ~ ~ l  X t ~ ~ v  
vnridhillty 15 ~l~br:rvrd ill 17DS4i6 mi t;tl~iil (211 :HJk\) t i t ~ i (  . , q ~ l $ ~ s .  I ,  ;: as ~ P C I I  p r1~i~11, lv  
111 the? ~ h l ~ i - ~ c w t o t i ,  B ~ > ~ I F S . ~ X  (11 I<Xrr15 o ! ~ s < ~ r \ , ; t t i ~ ~ i ~ ~  (I<w\,t ; I I a1 2lJO!l. 21J(12) ? I I I C ~  111 

tlic c,tirsc3rit St~mkti  XIS o l ~ > e ~ ~ v ~ i t i ~ ~ t ~ ,  xIii,~it I I ~ I ~ I I I V \  ,I  < c , i i i [ ~ i ,  , I , [ , - ,>  <,I, ,.J/w ,11( - 01 .C~VI,I~II 

I?g.  \VP alw knn\v that tiler? ts 1111 ; ~ t t i , ~ l t ~ ~ ~ t i o r ~  111 lit(, I I I J X I I  vtt, , i! , , \  i~<vtrrz~ii  l~<~lo\v 50l.<,\;, 
I 1- L,,,i < 511/7-' < 50ki:V ;rtt[I I IPI I~I .  i *. '%. .I'lii. I I I ~ I ~  , I ~ - < I  \ii':y,+l 1 1 1 ~  ~ ~ i i t f I ~ ~ \ v  i~ I I I < I S I ~  

cutlipact. i (!. Rw,,,d <. 50Rg. tliarr i t ~ ~ p l i ~ , l  to1 t11r S I I I I I I I ~ ~  ! ~ O I I I ~ ; ; , ~ : ? I ~ < ) ! I -  if tli(h \vitl(I I, 
larinclled frurn c g - 15R, 

, > 1 hus !vc cdlr 1.o11sidrr t11? I,:IAP !vlicr~- t l ~ t ,  ~ I ~ J S J I ~ ~ I I J I I  g l f , i  xv7 I IOII I  c I I I I I I J I ~  I J ~  I I I , I + ~ P I  of 

apprnsitnatcly co11st &lit dc~nbitv. 111 t11ib ~r,utii~riu 1111~ I I I , ~ X ~ I I I I I I I I  (II.\I ,111~ t ,  I)! t 111, I I I I I I I ~ >  f,R,,,,ly) 
15 given bv AR/R.,.,,, < 1, whrti- AIi i, tiit. c l r i r r ~ l ~  tlucklii,. ?<ou- - ti.\,'? a~t i l  ,I -= 

L/<Ri,,,, ns brfnte. tlius ~ v c  <Lrnvc, tht. c~iiiiriitioii tli'rt I f , , , , ,  I i . / ~ Y ~ ~ f  ; r 1 ~ 1  ! , r l  I?.,.,,, .: llil)l?, 
for ARlR,:.,, < 1. Thus fot R -1. 201im. ;I  - iO"rit~ ' ; I I I . !  21f/11 0 '? itiil~,i~<l 1111. fact 



t t  I t  I I I I  1 1  *I  '1) ;iri<I I~nvrr i o ~ i r ~ i ~ t l c ) ~ ~  (partially covering) ga i  (with 
li,::[ r .<) I., o lnrl \( ,<l  111 i l ! ~  Stc/.ik~i r i ~ ~ d  211111 X \ I l f - S r u ~ t o ~ i  ipretra docs iuggrst that the 
c i l ; ~ ~ ~ ~ ~ l ~ ~ ~ ~ g  lti.itt~,t I I I I I ~ O I ~ I ~ ) ~ ~ ~ ! I ~ , < ~ ~ I .  TIIc, :,I, I I C L L > ~  ~ I s o  hc~rr~il~c lc\, ~ o ~ i i z d  to ltirgcr rndit. 
< ~ \ ~ I ~ Y I ~ L I I ~ ~ ~  i f  t l i c ,  < , I I ICI  l f ~ v ~ , ~ ~  , I I < ,  ~ l ~ i ~ ~ l ~ l i ~ ~ l  1ro111 tliv pI~otoiorli/i~~g X-ray sourer. Such uintter 
<oi~Ill (r>11t1i1111tt ~ ~ I x , I I , I .  ~ I I , ,  l c I ! 1 1 ~  . I i i f l ~ ~ ~ l  ~ . ~ I I I ~ L I I ~ ?  ali,orptioi~ i~ticl <;I\/ eniis>in~i seen in the 
IlST/STIS -i,(xr.trillii r i f  IJliS I.'G (0 Uli<.rl vt '11. 2005), ,ilthoogli with coiur~lns nlucli s~ii~tllcr 

tll'ill t l i l l . ~ l ~  lil~ll\~(:l l l ( , l , ,  

6 . 3  Outfiow Elnission and Er~ergetics 

It 111,iy llc. l l ! , ~ ~ : , i l ~ i ~ ,  t l ; . .~  1111. ~)~itiii~~viti:: KC,:, 1iloduti.h 1)otli tile Fe Land K-ihcll crnisiion. 
'1'11r, I ~ I I I I - ~ ~ I I I  I . ~ I I I I C I  o r ,  1 1 1  v i , ~  ~ I , I I I ~ I I I I  >io:i 1)1lt yivc~i tlie liigll colunin dcnsltics involv~~cl. 
I I ~ I  l t 1 1 l 1  I I I  I I I 1 I i TO t i ~ t  this. weL c~in~t r i lc t rd  
.1 ,illlilrif. I I L O I ~ I  1 1 0  till, C ' o ~ ~ ~ ~ ) l o t ~ - t l i i ~  k , i l ~ - ~ ~ r l ~ ( . ~ .  111o(l~l 111 Srctloli 5.2. wltli two absorbill:: 
1,ivt:i - (III,, I < : ~ ) I ~ W , I I ~  11.i. \ ( , I S  llirll lol~i/.~tloli o~itftowi~~:: ZOIIC atid a lowt3r ioninatlon pa~.tidl 
1 I I 1 ,  I I , I ) I ( : -~ . I I~I I IS  iI(,iicl (11111lj)s within rile u.inil). Howrvcr in .l~i,lition to  
tIl(> c ~ l ~ ~ ~ ~ r ~ ~ t ~ o ~ i .  t11v  1 1 i ~ > i i 1 4  ,11 < >  ' t l l ( ~ \ \ -  iot ~ ~ I I I I ~ ,  1~4li>rtc(t c111i~sion (vlCi t l ~ r  REFLION iilodelj 
f i < ~ i i i  1i:gli lilrliv,ltirili i i t .~t:(r  to  l(lljr(,ii,lit 1)o-ill)le >(.attcrilig oK tile w111d. Tlic illilininating 
I I I ~ I I I I I I I I I  IS I :  I I I I I 2 25 i 0 03. Tlie reflrrtion colilponent is 
i s  c I I I ~  t l i ~ g h  I I I I  I I I - 1 r o d 1 1 i 1 1 1  ~ U I I ~ ~ , I O I I  (with A E / E  ronitarit 
u~1111 I Y I C ~ ~ X V )  '1'111, ~i OII I I ! .  f01 tli<, I i t i i ,  I > ~ ~ I ; I ~ I : I I I I I :  cl~,<ii.Iy \,iaik~l~s in the 7 kt:V and 1 kr\' 
rlt11,\imi I I I I C , ~  ( i v t ~ ~ t i ~ l  I I V  XIS Till, I I I ( I < I I , I  < < i r i  11,. <,xpl-r\~11 a.5 - 

( . I j , r I 1 Y (I  j j j - ;  (REF' x Gt\,,,,,,)] x XSTAR ye"!""i'.' " (6) 

I I i I I I 1 ;  I I , 300 k1.V; I'C is the parttally co\?rrlng .rl,- 
1,,1I)t .1 n-ltli ,I i ovi,1-111., it,,( i i r i r r  /, XSTAR 15 t111. lliglllv ionir~,d outfiowing absorber, REF is 
th( li,ll<,i ri,tl (,III:,-I'III (111 ~ ~ , i ~ t i . d ! v  i1111:7('11 ~ l i~ i r t r r  .t~irl GA<,,,," c ~ r ~ ~ ~ , s p o n d s  to the G a u i ~ i a n  

. > Ill15 III:~CI?I i i  :llon.ii I:! I .L;IIII~ 'I ,111~1 tllr fit 1)drdllirtc:rh are sllrniiiaria~d ill Tilhlr4 (tiir 
"011t Ii~~\vitig 5% I I I < I  I I I O ~ ~ ~ ~ )  11 :,,xvl 11t I >  oIilrii~lcd (k2/(l<~f = 217.:3/211) and thc 111odcl ~vcll 
lq~i-od~ici ' i  i ) r ~ t i t  tllc . i ~ ~ ~ o l ~ ~ t i ~ t l  ill ttic, XIS i l l l e t  IIXD q)c(.t,rrl i ~ \  well CIS tlic ionized Iron L 

iilicl I<--lic,ll 1~1111-.-.1011 r t t~<l tll(' !:(~ii~'rri1 >lldj)(, of t l l ~  (olltin1l~111. The io~ilzdtiiili dcrivrtl for 
I I I I I I I I I  I I - :I I) k 0 :Icr:(.ini. I ,  \vhi(ll is internlcdiate betwern tllc 
I I I ~ I I  io111~,1tio11 o~itt i~nxii!~,  ~ J I I I ~ T  < I I I , I  t l i t >  1)<1rtl?~l l,nvixrrr. T h r  inn~zed reflc1ctr)r rep1l~st:1it5 
~ I ~ I ~ I ~ J : ~ I I I : ~ I I I ~ I ) .  2 i ) L  ~ r t  l l l r  l ~ r i ~ : ~ d ~ l ~ r ~ ~ ~ c l  RIIS of t l i ~  ~)rn\-~'r-laxv colitili~il~lii alitl hcncc llllh R = 

O 2, 1,111 ( . O I I ~ I I ~ J I I ~ (  .I(.,.. . i t  ( , l i r ' i  4ii.i r~!~ov(,  IOki'V (111r to llle liigll ionization of this c o n ~ p o ~ ~ c l t t  

Thus tile scattrrtd ronlponcnt nlay Lover n holid angle corrripi~iidiilg ti) h -- 0.2 ior hi::nlficailt 
cllllshio~l to  be observed in thc Sun.iku ~11wtlilrn. \vr note tbdt a valur, of b = 0 3 n.as l~i~r'rlltiy 

drrivrd for the ol~tflow in PG 1211+143, via a P - C y n i  like protilc to r,lic Iron Ii al15orptiun 
hne. sug:~sting t,hat the k i n ~ t i c  powcr of the. oiitfiou- in that (lii<L>ar is rilho hlirly to br simililr 

to  its total bolonletrir output (Pountls k Rrr\i.s 2009). 

Sote  that velocity brnadcniil~; i i  rrqilircil for tlie rr,fla.tcd rrni\>i~il .  <o~rt,sprmdllig to  
35000 k r i i s ~ ' .  driven by tiir u.~dths of tlip emis51011 liniz in the vpect111nl. whlle .niuix nit  

outflo\v is a h  preferred (icr  Tahir 4) .  Thr  vrlocity broadrning 111ay aiisc iron1 tiir intrgr,ltcIi 
emisslon rxprctcrl ovrr a witid \vith apprrciable solid angle A f t ~ t ~ u c  conpariaon with 

disk wind ~nodcls being tlrvrlopril that fully incorporat~ sclf-con\i\tnit ~atli;ltivc tr;iii>fcr 
rairulatiuns for both tile er~iission and tlic .rbaorptinri (Sin1 ct ~ 1 .  21108: ScIii~ri,ll ct a) .  200')) 
may prove to  b? intrrest~ng 

.i\s a cons1,tcnry check wr compare ttlr maA\ nutflow ratc c,llrlildtrd in Srctiun 6 2 with 
that predicted via tran,ier of nlomcntllnl through raillation prri,lirt3. '~>,unlir~g that the wind 
is radiatiwly driven. For such a high ionization outflow, thc pri:domillniit foriii of ninnirntuin 
transfer to  the wind will be through -cattrring (Icing & Pounds 2003). nliri-cliy: 

rr+iere r - 1 as nirasurcd in the Sunak~i ipertrum of PDS456 arlil LIT,,,, = L z: 1O4'rr,rr.i-' 
(see Srrtlon G.1) Thus from the above A I , , , , ~ ~ , ~ , , ~  = 4.5 x 1 0 ~ " ~ r n i : - - ~  anel 1.. = 0.26c. 

the11 the ma?s outflow rat? is .<I<,,,, = G x 10~"gi-' or - 10 SI.., yr-'. In conlparlson the mais 
outflow rate calri~latrd in Srrtion 6.2 (equation 5) is .<fr,,, = Gh A 10'' g s  .iii~l thus 6 - 0.1 

inr PDS 456, consistent with tlic rstiniate from tlie ntovc m ~ ~ d c l .  

Snnr thr les~  rvcri if b - 0.1 the11 thr outflow is riicr,q~tica!ly sigtl~ficant. with ;1 kinetic 

poxvcr of E = 2 x 10'%rrg.i-l Integrated over a qu,rsar lifrtinir of lneyrrirs anti if we asslim? 
a conservative duty cycle of 10% for the outflom to bc activc~. t l i ~ l l  tlic total ~ I I ~ O I I I I ~  of 

t.nergy r r l e c ~ r d  by the wind will be , 5 i lilb'!erg. pldusibly exccrti~n:: the hi~iiliiig cncrm of 

a gnlaxy bulge of rii&\.sa 10" SI:, and velocity disperiiuri n - 300 knis ' of 5 x 1il"'rrg. Thii, 
such pou'erful winds rouid potentially cans,- significant fredlrrrk lict\v~cn tllc jialnct~i Iiiilgr 
and black hole during thr  ijuasar pliane. 

T h r  duty ~:yclc for the outflow i i  largely ur~krio~c~ri, lio\vrvrr mc k~lo\v that tile iton 
K absorption =-<la detcrtrd in mobr of the obser~~itrons of PDS45G to date (7ci. F~glire 7) 

There are also sc~~crdl  reported raws of high velocity ot~tfl(,\vs that are crlicig~ng in the 
literature, c.g. Cappi (2006); Rrem,s et at. (2006) arid rcfcri,ncch thcrelli The frrqucllry 

of thew u~inds and how the outflow drpr~lds  on criticial p,)ranlrtrr~ (,uch ds acr1rt1011 rate) 
awaits a Illore qstrniatic and statistically rigoruus sorvrv oi sueti sy..tenls in tlic S U ~ A ~ I I  





0 1 1 , .  I I I I ~ ~ I  ~ , I ~ - - , I I I I I ~ : ~  i ~ >  t I , ,~t  ~t l,11[;11t. ~ ( , ~ ~ I I ~ I I ~ I I ~ ~ I I s  .kGS IS loiatcl~i urit,ll~n t11~ HXD 
n I f I I I I I I I I I  X i  I t  A A - loyS (Tiicllcr ct 
'11 20ih). \u,III,I I , ~ I I I I ~ I I I I I V  I T ~ > C , I . ~  < 5 10-' .4GS of flux - 1 x 1 0 - " c r g r m - 2 \ - 1  
11r1 HXrJ livl11 '111,. ' ~ f , t : , ~ i l  [~IoI~,IIIII!~I,  15 11ki>Iv I I I I I I : ~  lo!vcr, ah tl~f!rc a r r  110 other 1)l.igIit 
.4<:S ~,i l i i l~~l, i tr . ,  I I I  t !~ , ,  -.-ill X-i,iv ( T -  10h1.V) or ol>tlcdl ficldh of ~rirw. Tilus ill order to 
c ~ ~ ~ ~ i , i i ~ ~ i i i ; i t c  t11c liXl)/l'fX Ii(,l(l o f  VIPIV CI l ~ , ~ ( ~ k ~ i o u r ~ ~ l  :\CX would ithclf li~vt: to IT h?dvilv 
aI>iorl,i~,l (.Vil > I ! ) " (  111 ' ' 1  Ilr4,in 10 krV (..o tl~,it 1;;. 2 I 0 - ' % r g c r i ~ r 2 ~  ' ,  as thrrc arc 
tic, klion~n li11;1>t ,511ia.i .  11: t i i t ,  I'liS .I511 tti,lil I)rir~\v 10 keV) arid ytxt i t  q>cctrum niu,t 
1151. I,\, , I  1.1, tor id fi 100 c ~ l t o x . f ~  I0 A t \ '  S t ~ i t i s t i ~ ~ l l v  \peaking. < 5X of the BAT s c l ~ : c t ~ ~ l  
.k<;X 1 ,  e,bt ,  .Vl1 ;, 10" , , r i i  ' .  i~ i~ , , ! !~ i~!p  t11,1t tll? !~oli i?i(l~~ilr~ p r o l j ~ ~ l ~ i l ~ t y  is - 10.'. Tlir c~illy 
(>tlic!r 1>0.~-1111Iitv I, of ,> !I,~II!';~ C I I , I I , ~  t .  L , l i l l i  ',> CI I~l,i/,tr, l~rigl~tcr~ing (iurir~z t 1 1 ~  ol~s~!rvatinii, 
,iltl~ti~~:,li t l i ~  IIXD l ~ p , l i ~ ~  I I I I V  i ,  tl kt ( F I ~ ~ J I I ~  I,! \ V I I I ~ I I  ;ip[>(,~tr\ ~ I I  i~x i l i~( l r  Illis and also t11c 
<) I I I I , I  t U I I I I I ~ I  I I ~ I I . ~  to 111, I,,, , i t (  ,I O I I I < I I I I >  tlie I I I I ; I ~ I I I ~  ~1(;lf1 oi vicuz of the XIS 

FIII t l i~ . r i i l ,~~r~  I'DS ir>lj \i,i- ,rl:,, clvtr.r p rcr~iu~i~ly  III 1111th 1998 (Rcevcs rt  al. 2000) and 
201il n ~ t l l  IIXTI': ~ i i l i  ,I l i  i i t l  ~ - I , I Y  li i~v oCF4.i; : 0.7 0 0  x 10-"r>rg~irr 's-' PDS45G 
WCIS .11,11 tlii,ri, viitly 1 1 1 , i i t  i v r l  111 ;I :is ki n.<)rt l~ of IIXTE ~>r)illtiiigs in 2008 [SI.P Tahlc I for 
~i 11~t  111 ~ I ) ~ I ~ I ~ ~ I ~ I O I I ~ )  [>I )> ;  150 WCL, 11r1t 11vt1:1 t , r~ l  i i ~  ~i 1~rcvi11115 (~t~semation with Bcppo-.TAX 
['US (f . + I  2001. i l  hi 1'115 I \ [ )o ' . I~I I , )  Itowc~wr tlic ilppor lirriit ot~tairl~rl  i, consl.stont wit,l~ 
tIlc> < ~ l ~ o ~ i  1iXf) , I I ~ , L ~ \ - I -  ( t :  ; < 1 5  I O ~ ~ ' ~ C ~ ~ , I ~ I I  11iderd althcx~gl~ t h ~ ,  RXTE 
IIIIS(;IV;I~ IOIIS ,iixl t I I ~  S I I Y ~ ~ L I I  IiXIj t ~ l i s r ~ v d t i r ~ ~ ~  ,IIC I I I I ~  ~ i n ~ t i I t , ~ ~ r ~ ~ ~ o u s  (w? T a t k  l j ,  thc tinlc- 
;ivi>ragr~l I tXTtji ' ( ' r \  . , l j ~ , r  t i I I I I I  t~xti,t[~ol:itr~~ vcrv u'cll to  tlic HXD/PIN mrasulcnimt (scr 
F i g u ~ c  iOj T \ I < , I < , ~ O I I ,  I' ,L[!~II,II .S l~kc~lv t11~1t ihf3 I I I ~ ~ I Y , ~ C ~ I I  11~trd X-ray c i ~ ~ i s \ i ~ > n  i~ due to tllr 
11u.'i.11 ,111'1 i l l i t  !I:I<' ti, drlv I i i : : l , i ~ i ~ i l ~ ~ t t ~ ~ ~ i :  ,soilr~(.h ill tlic ii~11I (if vi t !~~.  
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Fig 1 - (a )  Corlipdrison b~txx-o.11 t h r  Ilr+rkgroilrtd '4 1110iIrl and tlir Earth o i c ~ l t a t i o n  data 

for HXD,/PIS (fro111 15--50lieV. xvt~rrr tlii, ligl~t curvc rrprrxil t i  thr I , I ~ I I C  I~ctxx-i~rn tllc (Earth 
- Bzd A) / B p i  A mtr .  Tile iiackground A modc.1 undt-rp~t~riiiti t l ~ c  E x t h  backroi~riil by 

i 8 1.DX. (b) Corr~parison bvt~vcv,~~ tlic barkgrcrurid D niodrl ,i~itl tllc E x t h  oci riltation 
d.da where the liqlit c~livc rPprr,ir,riti the ratio I~rtwccii t l i ~  (E,irth - R @ i  D) / D:il L) r.iti3 
T21r bsckgrc~ui~d D 11iode1 sli:htly uridi:ip~rliii.t, r11c Earth harkprarlncl I J ~  2 . l i  1 0'): ( r )  Ttic 
iirt 15-50 kcV HXD/PIN liglitt u rn ,  n,ing tlir backgroiln~l Ll ~notlc!. thr C:XB 1)diXyroilnd 
l e x ~ l  (0.17 crib- ')  i, n ~ ~ ~ k c d  hy <I lio~i?ontal IIIIC. 
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Fig 2. Uppcr parli:l - Suzaku XIS spectra of PDS -156. plottc~i as a ~ a t i o  tu a siniple 
al~sorbcd po\vt.r-law (1' - 2.2) S o t e  XIS 1 is shoxvn rn rcd. XIS FI in black. Loner parrcl 
- rt%t f ~ a r ~ i e  Iron K-bitell dhsorption in PDS 456 (against the he5t fit. broken priner-law 
ronttnuilrn) Su?aklr XIS FI is shown rn black. XXIII-Sewton EPIC-pn (2001) in red. Tht, 
grceil line rcprtx>elrts the expectcd positlon of the Fexxvr 1s - 2 p  111lc (6 97 keV). whilp the 
bliic line> rcprestmt t h r  cr~itroid. of the d ~ , t w t ~ . d  absorption lines ln XIS 

Observed Energy (keV) 

FIX 3 Slliakii XIS FI PDS2i(> r p r ~ t r t : ~ : ~  vt,l.lt. t l i r  I i . t r  i.:1i~1111~l - / ) ( , ( . t ~ i t r ~ ~  :I, t11!, itOil 
I< b:~n<i. ' ~ I I P  > Q ~ I I I . ~ :  q ~ e c t r i t t ~ ~  prior to l ~ ~ i ( ~ k p , ~ t ~ ~ ~ r i ~ l  \ l ~ l ~ t t ~ ~ (  f i < ) r i  t t t  \!: JSVII  i ~ j  r(,,l, t111> r~et 
holirtc \pfftrl~rri dttcr t~:lckgroi~liii , ~ t t ~ f ~ ~ i t t i , ~ t r  i -  111 11i,1< 1, ,LII<I t l i t s  I ) ; L I I ~ ~ ~ , ~ O I I I I ~ I  , [ > c ,  ~ I I I I I I  

in grei:~i. Thf3 l ~ l ~ c k  ltrtc- sk~r!\vh tI11, 1110krti ~ I O \ \ ~ I ~ I I ~ I W  , III~!:~ '!II :!L I I I O I I , ~ ~ ,  l,,\tl,,<l ~ ! I I < I ~ I : ; ~ I  I I]!: 
XIS rvsporlst* It [a11 I ) <  WPII t1~~1t 1111, I I ~ I ~ ~ I { ~ O I I I I I I  , ' ~ ' ) ! t , , ,  tro!! I,,,. !~ttl!, v t I < v  f 111 tit,, ~ t , , t t  I i  
barid arid on tlic a l ~ s ~ ~ r p t t v n  f ~ ~ t t i t ~ c :  at 7 7 krV ullrl > 2 1.c.V ( , , ! ~ , ~ r v t . , i  I I ~ ~ I I I I - )  Ov(.ii~ll t 1 1 ~  
I ~ v e i  of the XIS hackgrourlri i z  Ioa, .it,tl t11i. (~rily i.tii,t~:: I , , , (  kt ~ r t ~ i ~ ~ ( i  11111. :irtblT> 111~111 > I  E;o 

at  7.45 kvV, \\-111rt1 is I I C I ~  co i~~t . i ! l r~~~t  wt l i  t!,,~ , ~ t i : r c ~ i ~ I ~  of tlir, , . ! ~ ~ : ~ r p t t o ~ i  I I I I < . \  I I ~ , I I I  Pl)S451, 
Xute the ri(~r~rlaIiz~itior~ [if t,llc l~~i!:k;;tt1111111 1 1 ; t ~  I!I:~,II r w  ,ilt , tI  t , ,  I 1 1 , i t  C I ~  t i,r, XIS ., ,111, ,, ~t,:r,ir~ri 
birr, 
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Fig, 1 (>~III] ' .LII. .~II  I ~ i , t n , ~ i , t ~  ol~tfloni~lg Xt , i r  ~norlclh fittvri to tllc Suzaku X I S  TI, sliowirig 
t i , , ,  111111 I< I ~ , I I I , I  I',III( I (<,, - I Iow- ,  ~I l i t  nit11 OIIC Xst'i~ ACIII~ .  o t ~ t f l o \ v ~ n ~  \\-it11 ZI sirifilc vol<~city 
1 1  , , . --0 30: : L I I ~ ~  , ~ : - ~ I I I : I I ~ R  ;I ~ I I I I I I I I ~ ~ I I I  (' n4o?it\, of I, , , , , , ,  = 10000 k11i.i-a (111ndt'l A in 
hi.i tiiit: : 2 )  'I l i r ,  , i I i ~ r ~ i l , t ~ ~ i ~ ~  t~~ilricl I. \ I I O W I I  lry Ilic rcil line; t,hc 8 k?V al~vjrptiorl (ohscrw<l 
ii,inli,) I, I I I , ~ , I I I ( ~ I I  I J Y  G I  l ~ l * , ; ! ( l  ( j f  F L , X X V  <~ttd FPXXV 1.5 -- 217 ~ C S O I I C X ~ I I ~  I I I I P ~ .  while iron 
[< V I ~ I I \ ~ I ~ I I I  I <  L I I O W I I  111 I ~ , I ~ ~ I , I I  1',111i>l ( 1 1 )  \ I I < J u >  :I \ i t~ti l ;~r rt11>de1 as per (a ) ,  but wit11 two 
t t i i ~ ~  I , 0 l ~ t ~ , l  0 31r. (lii<~tir~IB) F'drirl (0 bllnili a kirntld~ modrl '15 

j~( , r  j>,111i>1 ( ;I) ,  l h ~ t  ~ V I I I I  <;c,x:,.ir,~~ W I G K I ~ Y  I J I O ~ ! I ~ C : I ~ I I I &  i r ~ r l ~ i ~ l ( ~ t i  ~<!If-con~iatcntly for t 1 1 ~  Iron 
I< dlt<I I, 41<4l I , I ~ I ? . - I < ) I I  <11i.1 , I I ~ ~ ~ , ~ I ~ I ~ I ~ ~ I I  (III ,III(IC) Tile b111c lint shou\ t11c 1111~1iel without 
I , I ~ > ~ ? C ~ ( ~ I I I I I ~  F I I I I I , ~ , ~  r l t~ t f~ i l .  , < I < ,  LIV(.II  I I I  Si,rti1~11 4.2 21111i ~ , I I L I I I P ~ I , I ~ \  ~ U I  n i o r l ~ l ~  .4, B and C 

1 1 \ 1 1 ~ l  I I I  I',~l,lt, .{ 

1 Y~,=O. v,,=100 krn s-I 
(\J I 

U J 

Observed Energy (keV) 

Fig. 5. .%tar fit to t h r  Suzaku XIS FI data CIS pi.1- F~gi:re 4. I)i~t \wit11 no nct outlioa. 

vvlocity and hsunirug CI very low turl~ulencc vclvc~ty (100 kill, I) c g m:iilcl D In Section 
4 2 and Tablr 3. Here tlic ;ibvxptioli at 8 kc\' in thc ohscricd fr,t~iic is 111ndi.1ed by hound- 
frcc rdgrs from Fe x x v  anti Fexxvi.  f r m ~  n high culun~n dcn\itg ab.,orbcr ( i . t . .  r = 1). \\-l-ii~lc 
narrow Is - Lp rcmnance lincs friln~ Fe x x v  allti F c x x v ~  ;il>pcar Ilt-~ir bkt-Y in tlir n l o d ~ l  
(but not in ttli. data) The fit is stdtiitically worse than for tlic ~illtflo\r-iri!: niodcl, 41uwn in 

Figure 4 and such a small torbillcn<c [nay be pin.,iraliy irnpla~ls~blc 
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Flq b The  Swako XIS and HXD spcctla nf PDS 456. plotted in vFu HUX units A 
fdctor of x:3 c x c c ~  is seen ill the HXD. which may soguest thdt a Conipton thick absorber. 

1r.it11 ,V1, > 10'" c n r 2  cxihts towards this optical type I quasar. The red line showz the 
crtrapoi~it ic~n of the bcst-fit broken-powerlaxv continuurn cxtrdpolaterl to higher energies 

Energy (keV) 
Fig 7 .  S I I Z ~ ~ L I  XIS I HXD y1wtr11111 (,f I'D? 4-d~ .  f ~ t t ,  (1  \$-!I 1; ,,ti 1(51ii/t,<l 111,k r ~ f i ~ , ~  t ioIl 
n ~ ~ ~ r l e l .  ;I> ( I ~ : ~ C ~ I I I ~ C I  II I  S f ~ ~ t i o n  5.1. l l i l i C ~  ;trq. ~ I ~ > \ V I I  111 l > I , , ( l ,  tit,, I ~ I x I ~ ,  i t l i 6 ,  a l ~ ~ ~ ~ ~ ,  + I i ( ,  l , l ~ l l r e ~ i  

rcflrction r~lmpontmt, grr-en shori. the, ilitrtl~\i, p,i\v~~r-i.~n. ~.oi~titi::i~lli ,111(I r<,11 I I I C  t t i t  ( l ~ ~ t i -  
hion. Xotc tile HXD/I'IX i>eci  rnni ir 111c11<. ti:11.1\ I~ i i l l l ( .< l  t 11,111 11, E I::~II,. b, , I+ -- Zfi ~ I ( , I  liill 

abc~vr i h ~  I~aikground Irvcl 
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Fig h TII(. ( ~ ~ r : ( ~ t i t  ~ j l a . ~ ~  ~ , i t i ( ~ t ~ ~  of I'DS 45(j. S~IOU,II  uc qwctr<i, \vl~erc, we liavc plottrd 
I I I I I I I I  I 1 I I I o r l  ( V , ,  - 2 10L1 ~ t n - ~ j  pol*-cr-law of i = 2 

:I IIII , ,~:I  2 lOIi(,\' 1 1 1 1 ~  I ( , Y I ~  r> P 10 ' 2 r ~ g ( , ~ l ~ r 2 5  I. Sliuw~l ~ t r e  RXTE PCA (black, 
lO$lS). XIl l l -Xg iv1ot1 (21101. :,tc,t~~j, S i ~ / ~ t k i ~  XIS (2007. rml). Clia11rlra/I3ETG (2003. I ~ I I P )  

:ir~d ASC!4 (lOclh, O I L I I I ~ < ,  ( l < > ~ t ( , < l )  S t~ .o~!g  v ~ ~ t ~ ~ i l ~ r l ~ i ~  is >(bf.~i l ~ ~ ~ l o w  10 l<cV, fro ti^ RXTE and 
?;'\!\I ,it liip,li ii~t.a,-. (lti\vti 1 , )  ( ' l iCr t t~ l tc~  ,111ri AS(::\ ;I> tlir lowv>t,/liardr.;t o i ) ~ r r - ~ ~ n t t o r l ~  S o t r  
1111. o hi,V ( ir l , . -~. t \~~~il l  I-i I< .!1(,11 .1l~~iii-1111(111 111 tilt, X3151 2001. Suzakil 2007 n11d RXTE 1q98 

o i ~ > ( ~ r v . i t ~ o : ~ -  A - I I I I I I I I ~ L ~ V  ,111 t11(,sc5 o l ~ i ( ~ r ~ ~ i t ~ i ~ t ! \  I.: 41ow11 it1 Table 1. 

1 10 
Observed Energy (keV) 

Fig. 9. >lode1 fittrd to the Suzaku hpectruni, reprcsentativc of absorption atid cniissio!~ 
fro111 a hiah colun~ti tlrnsity disk lvir~d. as dcxrlbri l  in Sri.tion G 3. wit11 mo~lel parar~irtrrs  

liated in Tablr 1. Datapointi arc .chomr~ in black, the dottrd pltul; hnr rvprr~r.ntb the power- 
law (r = 2.2) contintiun~ t11;lt is absorhrd only b\. the very l i i ~ l l  iorti~atinn f a t  outflowing 

zo~lc. thr, dark blur linr is tlic continuiim obs( ltrcd by t!~e partial rov~~rln:: abivrljrr which 
r ~ ~ v e r s  80% of thc X-ray soi1n.r. thc li::ht-i)llir line is tlir rcflrcteii mmisst,>n off the C'ompton- 

tliick partlaliy mn17id n-intl arid red is thc total erni~itoti fro111 ali ronrporlrnts. 
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Fig 10 A cu~nparisvn l)et\~.e~n the t i ~ n r  averaged RXTE/P(,'.4 sprctrrun hetwecli 3 
18 k(:V and the HXD/PIX Suiaku spcctrun~ from 15 50 key. The plot slluws the conipdrison 

of thc data to  a r = 'L.2 contin~luni ~11th Galactic ah.orption. with no rc-nor~nali~atiuri of 
either spwtrllnl. w!!i!e the lourer pdnel shows thc rcsiclual> betu~etn the data and t h r  model. 

Althougi~ tile RNTC/PCA data i non sin~ultaneous with tlit HXD ( s e ~  Table 1 for a list 
uf ohzcrvdti0:ls). the PCil  ~ p r c t l n m  bclo\v 18ke\' eutlapcilates well to  the HXD/PIS da ta  

above 1 5  kc\'. Alw notice thc tletp aL\or.ption trnugl! centcrcrl at 8 keV in the RXTEIPCA 

spcc tn~m.  n)r~~lsteIit wit11 t111- dbiorption in the 20Oi Suzdku XIS and 2001 XIISI-Servton 

data 

. - - -. -. . -- . -  . -  - 

T14rscopc hlodr." >!.,rt U,ttr./?'~zrrv" 
- - -- -. .- - .- - - . . 

Suzaku XIS XIS IIOIII 2~li l i / i l~/2 i 17 56 0 1 
Suz&u HXD/PIN 
Xhlhl-N~wlon 1x1 F \ V / I I I ( ~  21101/112/9Ci lii 46 57 
Cl~aridr~/HE'rG ~"!~~.3/111/117 0:1 3 ji(, 

ASCA/SIS l~I!lb,'1i:3107 I10 111; '3; 
RXTEIPCA i<i9~/il:3/Oi 17 I17 i t  

2001/02/2.1 0 1 20-:I" 
2008/112/T:! 21 00 :3:! 

Beppo-SAX/PDS 2ilill/~~2!2(i (I!# ;I! (I:$ 
- -- - - .- - . .- - - .. 

a I ~ i ~ t r u n ~ c ~ ~ f  I I I U ~ ( .  sir point~l~:: XIS 110111 - XIS ito~~liiiitl ji,,ii.:i,~:~ F\T- Fuil \Vi11~l0\1. 111t.d = 

rnrdium filter. 

L~bsc~r \a t ,~on 5tnrt/Elal tnnl- nrt, ill L17. 



I '  2 S I N .  ! I , J  I ' , I ~ . I ~ I ~ ~ . ~ I , I ~  t o  S i v i i k ~ ~  XIS 

- -- - - - - 

3I:xl~~l ( ' ~ I L ~ I ~ I C ~ , ~ ~  F1i P;~I.II:I< t t , ~  Valur Ax-,' 
~ - -. - - -- -- 

I .  I ~ ~ ~ ~ ~ . ~ , ~ ~  r+~>:,, I I,,!, ( , , , I , .  I ~ ~ ~ ~ , , , ~ ~ ~ ~  r Z . ~ I - L O I I ~  

I:',,,  ,,: ? O f  0.2 

rt, c.,l 2 L'l i tr 112 

hr1ll,l. [ 2 4 + l l l )  x 

fi- -, I . I ,  i 7.2 * 
2 (;<<1,8(,tli . \I ,  <>l,>ti,\l,  >Vl I (2.2 -1 0.2) x 10" 

,,j Salt X-lcr\ Elzibwn~ L I I ~ ~  ,,I F:,I, ,  O 91 Ir ( I  I l l  174 4 
Lllic. Flux (2.11 + 0 4) x 

13V 4" 1 111 
7 11 075 L 0.015 

F , , ,  I .  16 I i1.02 17.7 
1.i111. F'1.l~ i i  1 1 0 6 )  x 1 0 ' '  

E\V G + 3 
ii <' 0.115 

El,.,, (I 09 -k 0 I15 41.1 
1,ilrr Flnx 3 0:; T A 10 -'I 

EIV 137 i- .5'J 

E,.I,,,,. 'I (il f O OH 2') 0 
L I I I ~  Flu., -12 5 + 1.0) x I0  ~" 

L\Ir 135 1 5 5  

(1 I I i S ~ ~ ~ ! ~ ~ ; ~ ;  (i11~c1 t,o Hr,t 1111~) 
; II<,:I I< I.:lrii. . ,III l l l ~ l i  I 1, I,,,,. 7 1 + 0.2 27.7 

Li l~c FIIIX ( 5 l  1 2 2 ) j  r 10 -" 
13V 132 i 52 rx\ '  

n 0 :35!;(;; 
1.11 ,t,>ti,ti<b' ~ . ! / < I C > I  d51 51374 

- - -. -. - - - 
3~11 ~ ~ r ~ t t ~ , r I > i l ~ t y  ? . i  x 1 r 2  

- p~ - 

"Etli~ ~ - I o I I / . \ ~ ~  , ~ I I > ~ I < , I I  I!LLW ~i.~~icliit.t('~.., F!,81g 111113 ( L ~ ~ ( i ~ a y  i l l  illlit, kvV. IIIIC HIIX In units pilrr 
t ~ ~ n - . , l r ! - ' ~  i ~ c i ~ ! . v , ~ l , ~ ~ ~ t  a-~ilili ft ' \V) 111 ~ i l ~ i r ,  ixV ii 15 10 11111% wrdtli ill ri~lit? krV. Paranir,ir,rs 
~ ; ~ w . I I  11, c:II.~..~I ~ i , - t - i ~ . ~ ~ , . ~ ~  

"l!(,(i!ir~~l I . I I I  . ,111~tr,~l i , /iItit 1 .111!1 111111 1 ~ l ) ~ ~ t l v ~ ~ i ~  1j10t~~btlity rji>r S ~ I . C ~ I ~ ~ I  tit. 

'hlodris 4 .  B. C and D an dt.fined in tile text (szction 4 2) hli,iirl -4 c<int,ii!i-: a singlt p!is 

toionLwi1 nhhorber wttli o ~ i c  outHow vrlocity. n1odc.1 B rontalnn iwu . L ~ R O I ~ ~ , I ~  T T I ~ I I  t170 >eprrnti: 
outflow velucitirs. modd C rontaiii.i oti,. o u t f i ~ ~ ~ v  vrlocitv a ~ t h  a q ~ a l  k incn~~~t icn l  b ~ o a d ~ v ~ i n g  in I . ~ I I S -  

sion/dbsorgtion; modc.1 D hlb 7 f ~ o  niitH<>w ri,lorit) ,mil low (100 k r n s l )  tiirbulciln~. 

"Column dr i~a~ ty .  in untri x 10" cm-'. 

"Turbulence. velocity widtli ( In ) .  in nnlts knlh-' 

'Gaohaiari velocity hrondcrnn: (FIVHhI). in nnir. km. '. 
RRciluced dil-squarrd (k2/diif) and null i~yputhr?is probnbliity frir sprrtral fit 
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1. Pinrer-1;iw Co~ltiliuii~n F 
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2 .  0utHun.in:: Fi. K-slirll Abaorbcr IYI I~  
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~ L L ! ~  
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3 (~:o~~iptoii-tl~irk Hard X-ray Abaurbrr .VI~ " 
lug :" 
,f >,f 

4. Itrabcd Reflection klg <" 
1 . ~ ~ ~ . , d ' '  

f , t* , , 'h 

R' 
Fit b t ~ t i ~ t l i h  xz/dufi 

Null pr ihnblhtv-l 

" P f ~ ~ c ~ l m  iiuri~mlv.nti~~n 111 units l~hoton-cn~-2 3-' at 1 key: F,, ; - i~ i - , i~ .  Aki,, 
rt.fr.?.- to  the polve1-1aa~ rompolicnt thnt L, abborbcd by thc hard X-lay atr\orber. 
IV",,,,L,, ia t,lir conipunent I I O ~  cover~d by t l i ~  hard X-lav nhwrbpr. 

Xlc;surt.d HIJX in uiiits erg. i:111-' a '  

'Ioui/atii>n p;unnatcr. 1111itb elg-cll~.-' 

'11~11 Ii ~b,orbrr  oulHon- vclu~ity in unit. of r. 

'.4h.,?rbur curcrlrig frxr.tion 

:FTVHSI Gaum~dii vrluclt,y b ~ ( ~ ~ d r ~ i ~ l ' !  in units ~ I I I S - !  

"Nct outHt,a. vrliirity of rcHertor in unit.. kmh-' 

' R n t ~ u  of n+ir.rti.d rmi.ticln t o  porwr-law cuiitli;uu;l;. 

'Rcdu~red i~lil-~tlu~utul (~',"lof) itlld 111il1 11~'~i)?lies1~ ~)robabilit?. for ' p ~ ~ t l ~ i l  ht 




