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What did Alyssa Goodman say about “Measuring Turbulent
Motions” in Santa Cruz?

The Spectral Correlation Function (SCF)

. Can discriminate amongst observed and simulated spectral-line maps other statistical
measures find identical (Rosolowsky, Goodman, Wilner & Williams 1999, ApJ, 524, 887).

. Exhibits power-law behavior as a function of scale, the index of which seems to be
excellent diagnostic of the nature of turbulence (padoan, Rosolowsly & Goodman 2001, ApJ, 547, 862 ).

. Can map the scale height of a mostly face-on galaxy (the LMC; padoan, Kim, Goodman & Stavely-
Smith 2001, ApJ, 555, 33).

. Should have its greatest use in the fine-tuning of simulations (e.g. Ballesteros-Paredes, Vazquez-
Semadeni & Goodman 2001, preprint).

. Should be able to find “coherent cores” (see Goodman, Barranco, Wilner & Heyer 1998, ApJ, 504, 223).
MHD simulations already show a “turbulent shock origin of cores” (Padoan, Juvela, Goodman &
Nordlund 2001, ApJ, 553, 227), as well as “accidental” infall profiles (Padoan et al. 2001, in prep).

Outflows

. Are definitely highly episodic, and their episodic nature can explain steep observed mass-
velocity relations (Arce & Goodman 2001, ApJL, 551, L171; Arce & Goodman 2001, ApJ, 554, 132). Influence of
episodicity on “driving” turbulence still needs to be understood.

Provacative Suggestion

. The central source of the outflow in PVCeph might be moving at ~10 km s-' (Arce & Goodman
2001, in prep.).

cfa-www. harvard.edu/~agoodman July 15, 2001
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Antenna Terﬁper ature Map

greyscale: T,=0.04t0 0. 3K

x (pixals)

“Normalized” SCF Map

|
greyscale: while=low correation; black=high

x (pxelx)

Application
of the SCF

Data shown: C*¥0 map of Rosette,
courtesy M. Heyer et al.

Results. Padoan, Rosolowsky &
Goodman 2001.




SCF Distributions
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Unbound High-Latitude Cloud Self-Gravitating, Star-Forming Region
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Which of these is not like the others?

1.0— Increasing Similarity of Spectrato Neighbors
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The Spectral Correlation Function

as a Function of Spatial Scale
(v.2.0; Padoan et al. 2001)

Figure from Falgarone et al. 1994




v.2.0: Scale-Dependence of the SCF

1.
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Ar [pixel]

Example for “Simulated Data” Padoan, Rosolowsky & Goodman 2001




Galactic Scale Heights from the SCF (v.2.0)
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HI map of the LMC from ATCA & Parkes ' i = .

100 1000 100 1000

Multi-Beam, courtesy Stavely-Smith, Kim, et al. Ar [pe] Ar [pe]

Padoan, Kim, Goodman & Stavely-Smith 2001




“Fine-tuning Simulations with the SCF”

15.8300 16.8600 17.8900 18,9200 19.9500 20.9800
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1.41000
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Data: Hartmann & Burton 1999; Figure: Ballesteros-Paredes, Vazquez-Semadeni & Goodman 2001




An Example of Fine-tuning

Comparison with simulations of _ 5CF v.1.0 for NCP Loop
Vazquez-Semadeni, Ballesteros- oo e s

desv_std= 0.0320472 max= 0.964732

Paredes & collaborators shows: ok s soses i s

- “Thermal Broadening” of H | Line -
PrOfileS Can hide mUCh Of the :: g desv_std= 0.0542356 max= 0.951177
true(?) velocity structure - 62019 min= 0.557024

- SCF V‘1 ‘O gOOd at p]Ck]ng OUt S00E" mean= 0.882683 kurtosis= 4.82621
ShOCk'l]ke Structure ]n H I mapS :;w 2oo§ desv_std= 0.0422284 max= 0.964732

%]

(alSO gives low Correlation ta'il) WOOE skweness= —1.22045  min= 0.687213

:

3005 mean= 0.846532 kurtosis= 5.43996

See Ballesteros-Paredes, Vazquez-Semadeni & Goodman J 200F  deswsté= 0.0805784  mox= 0.851177

(9]

2001 . wooé skweness= —1.45539 min= 0.560109

of ‘ ‘
0.0 0.2 0.4




Revealing Shortcomings of a Simulation

(s9,51) so5n) [+ 1 sy [T “Thermally Broadened,”

//\ very high therm/turb

: Velocity histogram, 16
— bins

Velocity histogram, 64
bins

Ballesteros-Paredes, Vazquez-Semadeni & Goodman 2001




An Example of Fine-tuning

From v-histograms, 64 bins

mean= 0.652586
desv_std= 0.0772894
skweness= —0.371582
kurtosis= 2.74541
max== 0.881696
min= 0.379386

mean= 0.656513
desv_std= 0.0712098
skweness= —0.281466
kurtosis= 2.67880
max== 0.876239
min= 0.416633

mean= 0.578293
desv_std= 0.111910
skweness= —0.321717
kurtosis= 2.66676
max== 0.881696
min= 0.155630

mean= 0.592352
desv_std= 0.100137
skweness= —0.243739
kurtosis= 2.61442
max== 0.876239
min= 0.222157

o

0.2

(@]

H | Observations

mean= 0.897879

desv_std= 0.0320472

skweness= —1.25584

kurtosis= 5.45281

max= 0.964732

min= 0.737267

mean= 0.858150

desv_std= 0.0542356

skweness= —1.62519

kurtosis= 6.43812

max= 0.951177

min= 0.587024

mean= 0.882635

desv_std= 0.0422284

skweness= —1.22045

kurtosis= 4.82621

max= 0.964732

min= 0.687213

mean= 0.846552

desv_std= 0.0605784

skweness= —1.45539

kurtosis= 5.43996

max= 0.951177

min= 0.560109
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0.2
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An Example of Fine-tuning

Thermally Broadened, high therm/turb H | Observations

mean= 0.897879 kurtosis= 5.45281

desv_std= 0.0320472 max= 0.964732

skweness= —1.25584 min= 0.737267

mean= 0.858150 kurtosis= 6.43812

desv_std= 0.0542356  max= 0.951177

skweness= —1.62519 min= 0.587024

mean= 0.977415

mean= 0.882635 kurtosis= 4.82621

desv_std= 0.0422284 max= 0.964732

skweness= —1.22045 min= 0.687213

mean= 0.846532 kurtosis= 5.43996

desv_std= 0.0605784 max= 0.951177

skweness= —1.45539 min= 0.560109

0.2 0.4




An Example of Fine-tuning

Reduce therm/turb x 6
--best match!

mean= 0.883285
desv_std= 0.0531590
skweness= —0.461075
kurtosis= 2.66082
max= 0.986083

min= 0.663773

>

mean= 0.874903
desv_std= 0.0525035
skweness= —0.422645
kurtosis= 2.64563
max= 0.984984

min= 0.670946

mean= 0.879259
desv_std= 0.0600933
skweness= —0.795198
kurtosis= 3.48387
max= 0.986083

min= 0.597201

mean= 0.871291
desv_std= 0.0586086
skweness= —0.718916
kurtosis= 3.29724
max= 0.984984
min= 0.614357
. 0.6 0.8

0.2

=

>

o

1.0

H | Observations

mean= 0.897879

desv_std= 0.0320472

skweness= —1.25584

kurtosis= 5.45281

max= 0.964732

min= 0.737267

mean= 0.858150

desv_std= 0.0542356

skweness= —1.62519

kurtosis= 6.43812

max= 0.951177

min= 0.587024

mean= 0.882635

desv_std= 0.0422284

skweness= —1.22045

kurtosis= 4.82621

max= 0.964732

min= 0.687213

mean= 0.846552

desv_std= 0.0605784

skweness= —1.45539

kurtosis= 5.43996

max= 0.951177

min= 0.560109

0.2

0.4




The Fine-Tuned Simulation
Sample spectra I \ .
after velocity scale
expanded x6 (to
mimic lower ratio

of thermal to
turbulent pressure)

Mean temperature should
really be <<8000 K

and/or

Much more energy input
to turbulence (e.g. real
SNe) needed

—20 0 20 —20 0 20 —20 0 20
velocity [km/sec] velocity [km/sec] velocity [km/sec]

Ballesteros-Paredes, Vazquez-Semadeni & Goodman 2001




Recent SCF Comparison




What have we learned, lately, from
well-matched simulations?

e Realistic core properties, and the IMF can be

reproduced from “turbulent fragmentation.”
(Padoan & Nordlund 2000; Padoan, Juvela, Goodman & Nordlund 2001)

Reduction in polarization near peaks of SCUBA
maps caused by reduced polarization efficiency,

not geometry. (Padoan, Goodman, Draine, Juvela, Nordlund &
Rognvaldsson 2001)

e “Infall” can be faked, but not w/o0 non-
LTE I‘adlatlve tl’anSfel’. (Padoan et al., in prep.)




Simulatigms by Padoan et al.

Pattern is simijar to
observations of extended
infall by e.g. Lpe, Myers &
Tafalla 2001.



What about outflows,
Mordecai??

They’re highly episodic.

Much momentum and energy is deposited in
the cloud (1044 to 104 erg, comparable or
greater than cloud K.E.).

Some cloud features are all outflow. That’s
how much gas is shoved around!

See collected thesis papers of H. Arce.
(Arce & Goodman 2001a,b,c,d).
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Sample outflow
position-velocity
diagrams

Lada & Fich 1996

oL-

o o
(o)
B3 (o)
X 9
. IS
— ,‘E_
U - . S o °
b a
- LY 9
o 3
_— Q 5
= =
Ny
IS
S
(e

0Z—

Tl

Pogton oligsi fram IRSS [oroemind
1

=

LESR valkecily {(km )

Usn [km s7']

Bachiller, Tafalla & Cernicharo 1994

L Syl

Yu Billawala & Bally 1999




Velocity

Outflow position-velocity diagrams

Behavior

Example
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Mass-Velocity Relations can be
very steep, especially in “bursty-

looking” sources...
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Mass-Velocity Relations in Episodic Outflows:
Steep Slopes result from Summed Bursts

- Slope of Each Outburst = -2 _
\ as in Matzner & McKee 2000 3

N
\\

| 1 T 1 LI L L I -é
Slope of Sum = -2.7 3
(arbitrarily >2)

Power-law

B

0.1

1 11 1
2 3 45678 2
10

1 1 L1111
2 3 45678

Velocity [km s1]

10

Maximum Velocity, v,

[ I T T
A,B,C... for constant v,,,, 5

a,b,c... for varying v,
(alphabetical=chronological) .
: a 3 ]

/
Time history hard to
reconstruct uniquely.

R D -\ B
(;C) 5 6 .
2 4 6 8 10

Maximum Offset from Source, d__,

Arce & Goodman 2001



“Giant”
Herbig-Haro

Flows:
PV Ceph

Reipurth, Bally & Devine 1997
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A New

Proposal:
Episodic
ejections
from
precessing or

wobbling
moving
source

Required motion of 0.25 pc
(e.g. 2kms?tfor 125,000 yr
or 20 kms* for 12,500 yr)

Arce & Goodman 2001

afl950)
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Blue Lobe
-3.85 <V < 0.7 km/sec
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