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» Periodically Doppler shifting Hx Hel and H P
® Only jet known fo contain baryons
® Model: oppositely directed jets at 0.26 ¢

» Precession period: 162 days
& Orbital period: 13.08 days

® Radio: verifies model and sets orientation
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s Line Doppler shifts

s not in acceleration zone
» all ions accelerated to same speed

# Line widths
& not in nozzle or flaring zone

& opening half-angle is constant at 0.75

s Line strengths
& collisionally heated plasma, KTy = 15 keV

s EM(T), test cooling models
» with continuum, get abundances

Jet Physics from Lines

s Si XIII triplet: electron density ~ 10 cm™

Crete, Oct. 13, 2010 4 /12 Herman L. Marshall — SS 433



Trailed Spectra

wwin. » Made by Doppler shifting to rest frame

s Used many lines: Mg XII, Si XIV, Fe XV, efc.
Aug. Aug. 16 \ Aug. 18

-

50,000

Velocity
(km/s)

-30,000
Crete, Oct. 13, 2010 5 /12 Herman L. Marshall — SS 433



Trailed Spectra

wwin. » Made by Doppler shifting to rest frame

s Used many lines: Mg XII, Si XIV, Fe XV, efc.
Aug. Aug. 16 \ Aug. 18

-

50,000

Velocity
(km/s)

-30,000
Crete, Oct. 13, 2010 5 /12 Herman L. Marshall — SS 433



Fe 25 IEE— -z -r-- - s - - - - "=/

“» 0.05
: |
g 0.0 Ni 27  Fe 26f Ca 20 Cal9 Ar 18 Ar 1Data

0.03 '
2 | ] 0. 3 + Model
>:<b 0.01E 1' - H‘I* il ‘ m— e o i g R allon nl \Nfini PO VERE, \F""'k—“"!"- T .__.,--':E=—-'
o EH ) I e, Arwauradi - T T I PP P ¥ PR =
- 0.00 H . . " . .

1.5 2.0 2.5 3.0 3.5 4.0 4.5

0.030
0.025

0.020
0.015

Flux (ph/cm?/s)

0.010 Rk " ‘ :
0.005 ?JWM#&M
0.000 , .

4.5 5.0

5.5 6.0

6.5

Si 13/Mg XII

7.0

N ||I|II||‘.III|I||||I1?1)|I§

0.014
0.012
0.010
0.008
0.006
0.004

0.002
0.000

Flux (ph/cm?/s)

Ni 25

Ni 26

=
N
o
Z
ol

o III‘III‘III‘III‘

~

8.0

8.5

9.0

9.5

o

0.012
0.010

0.008
0.006
0.004

0.002
0.000

Fe 24

7

I

Flux (ph/cm?/s)

Fe 24 Fe 24

Fe 24 Ne 10

Ni 19

" "-‘l.lu-r'-'-l.,.-‘., N T _-A
1 - W BT = il ™

;

< [T

14

X-ray spec’rra correc’red to blue Je’r rest frame

0.004
0.003

0.002

0.001
0.000

Flux (ph/cm?/s)

MMM

Model is from O-star observation

[ } m “Mhﬂﬁhﬁ“ﬁ el u.wn.-r' A e}l Y

V\/%/elength (A)

20

K
N J I|I||II|I|II||I|I|II|II|II|I||I|I



~
X7
S
@
—
=
-
o
—_
@
[o%
E
T
=

MIT Kavli Institute
for Astrophysics
and Space Research

¢z-0LXG cz-01%2
{ oW o) Apalssiwig




MIT Kavli Institute
for Astrophysics
and Space Research

T (K}

Compact
object

Ernissivity (om®)
5x 1072

ox10723

K2
o
| 1 P TR TR S S S | 1 1 T TR SR SR T | 1 1 TR N T
le
~—

107 102

Temperature (K)




MIT Kavli Institute
for Astrophysics
and Space Research

Compact
object

1013

1011

Ernissivity (om®)

g% 10723

ox10723

10—23

107 108
Temperature (K)




MIT Kavli Institute
for Astrophysics
and Space Research

Compact
object




MIT Kavli Institute
for Astrophysics
and Space Research

Compact
object

10

Ratio of Radiative to Adiabatic Coocling
T (K}

0.1




MIT Kavli Institute
for Astrophysics
and Space Research

Compact
object

10

1011

Ratio of Radiative to Adiabatic Coocling

0.1




MIT Kavli Institute
for Astrophysics
and Space Research

Emission Measure (10°° ocm?)

Compact
object

107
T T T T T
10
1013
T T T T
ool

10°
T lllllll

10°

Ratio of Radiative to Adiabatic Coocling
0.1
1p1 2




MIT Kavli Institute
for Astrophysics
and Space Research

Emission Measure (10°° ocm?)

Compact
object

107

llllllll
|

Lol
"F » i;m
.‘ { "I-

10°

T
1

Ratio of Radiative to Adiabatic Coocling

u ~—

[y - -
— F o F .
*O 1 1 1 TR R | 1 1 1 1 IR T R T | 1 1 1 5 L s 1 N 1 1 | ! ! L 1 N ! PR

T (K} r (cm)




@
MIT Kavli Institute

for Astrophysics
and Space Research

i
a
-—

Foin
Lad ]
=
(&)
Q
IYs)
()
N
QT
— w
=3
o 2
O
L
=
[
.®4
o
0
&
(I




MIT Kavli Institute
for Astrophysics
and Space Research

Ni x10 Solar

Ni Solar

10
Wavelength (A)




MIT Kavli Institute
for Astrophysics
and Space Research

Z
Il

Ni 25 Ni 26

|||m i1||w |

[l

_.
o

Ni x10 Solar

10
Wavelength (A)




102 cm




MIT Kavli Institute
’r At phy

Conclusions

93 X-ray region cooling fime < 5000 s

» Radiative cooling of thermal plasma < 10 s

s X-ray emission < 4 x 10> cm (0.05 mas) from shocks that
redirect jet and heat gas

s spectral fit: rmn = 5 x 10" cm, Ljet = 3 x 10%% erg/s(Lx = 10°°)
8 Jet redirected on 0.2d time scale by 2°

s Blue, red jets different
s Perturbed by local effects where jet is directed
8 —-> supports a redirection model
s Eclipsed region spectrum: hard, weak Fe XXV line
s Most of jet is not eclipsed; > 2 x 10' cm from disk
s Supports redirection model (or internal shocks)
» Ni overabundance, enhanced metals --> gas from

companion that was coated with SN products
Crete, Oct. 13, 2010 10/12 Herman L. Marshall — SS 433
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