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What are the Goals of this Study?

Measure
properties of star
forming regions in

one complex

Test
against our
expectations* from
cluster origin
theories

w Clustering properties of YSOs

w YSOs evolutionary & dynamical status
w Relationship to gas

wAge and mass segregation
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Expectations from Cluster Models

Feature Model Prediction
Rapid Slow

Degree of clustering very high low
Subcluster shape elongated round

Stellar hierarchy |inherited from gas none

YSO Class content mixed segregated

These features can be examined using our methods



Predictions from Cluster Models

Feature Technigue to be used

correlation functions,

LG SIZgEE dbscanrextraction FoB
Subcluster shape shape analysis

Stellar & gas
hierarchies

YSO Class content observed & fitted SEDs

hierarchical dbscan, dendrogams




Why Choose Serpens MC?

ALocation, size, population

ALarge (384qpc), nearby
(436 pc) region with
several richprotostellar
clusters and distributed
star formation

AlLarge archival surveys

ASpitzer, Herschel, 2MASS
VISTA, WISE, SDSS, CA
CLASSY, Chandra

AGAIA now available

APhotometry, distances, R _______ - _____
proper motions

Color: Herschel 350 micron, boxes: Chandra,
outline: Sptizerc2d and GB



Why Is More Study Needed?

ANo published uniform stud
covering entire region

AExisting studies have
ALimited depth (c2d, GB =
ALimited area Getmant)

AConflicting YSO
classifications

AKnown contamination

AHave not looked at
clustering substructure

ADid not use photometry
from visible bands I o A

AGAIA now available

Serpens South

Western Arm

Color: Herschel 350 micron, boxes: Chandra,
outline: Sptizerc2d and GB



Analysis Tools

YSO Identification
A Catalog matching: GAIA, c2d/GB, 2MASS, WISE, SDSS
A GAIA distances
YSO Classification
A Measurement of SED spectral power law
A YSO models and fitting cog®bitaille 201y
Spatial Clustering
A 1pt, 2pt correlation functions, Nearest neighbor statistics
A Hierarchical DBSC Addncour 2018)
Dust Morphology
A Dendrogramsg can compare with HDBSCAN trees
Kinematics
A GAIA proper motions to help determine YSO membership
A Comparison with motions of local gas



LYAUAILI T wSadzt da C
A YSO Identification
A Catalog matching: GAIA, c2d/GB, 2MASS, WISE, SDSS

A  GAIA distances
A YSO Classification

A YSO models and fitting cogd®bitaille 2017)
A Spatial Clustering

A Hierarchical DBSC Addncour 2018)
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Buried Treasure!

Relaxing the c2d/GB
a3l fFE& LINEP
criterion from 3% to
25% uncovers many

clustered around
catalogued YSO
candidates
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Buried Treasure!

Relaxing the c2d/GB
a3l fFE& LINEP
criterion from 3% to
25% uncovers many

clustered around
catalogued YSO
candidates

Perhaps20%40%more




Revised Cluster Distances from GAIA

Source # YSOs* Distance (pc) Dispersion (pc)

Serpens Main 80 437 7 45
W40 and

Serpens South ZE 465 5 59
Serpens East 21 484 5 o/
Western Arm 1 444 -
MWC 297 12 434 4 8

*With PlXePIx 7

Clusters are at varying distances within complex and mé
have significant depth.



Physical
Types of
SED models

passive

passive

passive

passive

Envelope

power-law

power-law

power-law

power-law

Cavity Ambient Inner radius

variable

variable

variable

variable

Robitaille (2017)



SED Fitting of YSO candidates

2 KSY A0 JF2Sa NRAIKIXOD

ug GAIA JHK IRAC 1IMIPS

Bare star or star with envelope clearly ruled out (top).
Star with passive disk fits very well (bottom).




SED Fitting of YSO candidates

2 KSY Yy2U0KAY3I g2NJ] ax

Cannot fit visible and infrared simultaneously.
Low errors on GAIA photometry challenge models.



