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questions about cosmic jets
FAQ: What?
How?
Not-so-FAQ: When/where?
To jet or not to jet, that 1s the question!

Question you always wanted to know but were afraid to ask:
Why? (So what?)
Jets, who ordered that?

1. YSOs

2. AGNs
3. Galactic black holes

4. GRBs



1. Young Stellar Object (YSO) jets > HBTH ADEE

What? {fast atomic jet + slow molecular outflow
When? stellar collapse phase -> accretion phase

Why? angular momentum ejection -> star formation
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YSO jet production [F& A ERRR?

How? B fields: only viable process  SZDEA|IC XK S

outflow = centrifugally-driven *ﬁﬁﬂf [CHATS
jet = B pressure driven

Machida+ 08
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AGN demography FR 2 GeV blazar

supermassive black hole rg(ll;g
+accretion disk (flow) hi & y
1gh-
radio-loud power
@ (relativistic jet) ~<1%
. low- Hotspot

radio- ~9%
quiet ~90% POWEL TeV blazar
(no jet) (BL Lac)

FR 1

radio
Seyfert galaxy galaxy

radio-quiet quasar

activity timescales
~100-108 yr




2. AGN jets What? >fcS . FEZSAMRDOEE

relativistic I’ >~10
well-collimated 0, ~<few deg radio-loud

composition: e-p? ee* ? mixture? B?

+ sub-relativistic wind? 21189 in |
(BAL quasars, X-ray absorption) radio-quiet?




AGN jet production How?

radiation-driven? NO for jet (OK for wind?)
thermally-driven? 7 <->lack of bulk Compton

magnetic disk-driven?
5 7 <-> blazar energy balance

BH spin-driven? (B sub-dominant)
(Blandford-Znajek process)



Why? UHECR source candidates
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radio dichotomy When/Where?
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BH - host galaxy bulge relation
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ADell 1593 WL Spect ul‘ﬂ OI"IG MOO

cluster cool cores and radlo galax1es

no “cooling flow”
-> heating source
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Why? AGN “feedback’ heating in galaxy formation
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metal dispersal in clusters by radio galaxies Why?
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3. Galactic black hole jets
What?

How?

jet

When/Where?
disk-jet connection

1.0

low hard state?

Luminosity (arbitrary units)

persistent (HMXB)?
<-> transient (LMX]

0.0

relativistic I'. . .>~2-107?

1ssues similar to AGNs
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Galactic BHs - AGNs  fundamental plane? Merloni+ 03
Falcke+ 04
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Galactic BH jets Why?

energetics Lyg ~1037 erg/s Heinz & Grimm 05
(fund. plane + X binary LF) Fender +05

<-> Ly~EgnRgn ~3x104! erg/s

- Galactic cosmic rays (positrons)?  Heinz & Sunyaev 02

- ISM magnetization? Heinz+ 08

ZIMADITHINT B D ?



4. GRB jets > LIS ADEE

Progenitor
(maggve star)

External

Internal shocks

Fe line

Gamma-ray
burst

Afterglow

What? ultrarelativistic T, >100
extremely powerful L, >>L. 4 (T>>1)

likely collimated f.,~0.001-0.017?

jet

How?  long GRBs: collapsar -> BH?
short GRBs: NS-NS merger -> BH?

1ssues similar to AGNs?



GRB jets
When/Where?

GRB rate/SN rate ~ 10-°-10-3? core angular momentum?

Why?

- UHECRSs?
- 777

FHTROLHAD TV b...
GRBs, who ordered that?




£ cosmic jets: What? How? When/Where? Why?
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