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UAT Ha Eollowup of
Gr'oup Galaxues -

| -
Becky Koopmann ol e i
with Lucas Viani, Halley Darlmg l\/l1chael Warrener; Ryan Muther (Umon College)

Adriana Durbala Ben Hendr1cl<son Jesse Watson (UWSP) . i
+ Josh Alvarez (WTA&M), Kyle Murray Steven Grzeskowrak (Hartwick), .... .




How is gas converted to stars?

.Why do some galames have gQ ]

and other's do not’

" . - ‘

. ‘ :

Wha‘r defer'mmes star. for'mahon
‘history? Morphology? .




BQS—‘é,G@'dXY-EVO"W'iCF"-.,1.,". o

b 2_5 'InTersTeHar:_.i'.  ' "
IR H & He Gas 1
# eg., HI

Dead Stars §

(~15%)]




- Morphology.

Elliptical Galaxy NGC 1132

Spiral Galaxy NCC 3082

-




Star formation as a tracer of gas

Effects of hot young stars

HST image of star—_fo_li}ning r.égion 1n§he ,
Large Magellanic Cloud 3




Colors of Galaxies
g FII"ST me’rhod used to de‘rer'mme SERs.
- Hot young stars are br'lgh‘r in UV and blue'
o Older, cooler stars are brightest in red
Color measur_'es_ -slope across visible region

15,000 K star

the Sun (5,800 K)

3,000 K star

intensity (relative)

109
wavelength (nm)




Color Age Connechon

O B s’rars burn out qwckly and Ieave mcunﬂ' '
sequence in 10 Myr " e |

NGC 2362 ' ' ' '

h + X Persei
h+X Pcrsei\

+P

3
£
2
:
2

0.4 0.8 1.2
B -V Color Index

HR Diagrams for Various Open Clusters




Fixed metallicity Fixed age, varying metallicity

| Galax:es have
| popula’rlons of stars:
spec’rrum is ne’r of all
| sTars |

Population Synthesis
for the 21st Century




- Imeg.mtéd Spéqufﬁalaxi 65 b

R E et

Redder, older stars

5000 5500 6000 6500 7000 4 4 5000 5500 6000 8500 7000

T
r NGC 8181 ]
- Sec - o Sm/Im

. E"Bluer, younger star Bluer, younger stars

;IMM‘WWW\LWMMWMJ

Kennicutt 1992

6500 7000




“« ‘Color used '
for quick . .

look or
where
~ spectra not
' availabl'“e' :
Color-

. 'Magm’rude

" Diagram
-+ ({CMD)

RBLUE

Schematic CMD

If gas lost, star
formation halts §

blue cloud

many spirals & irregulars

-

Low luminosity

High luminosity



> Great Wall

galaxy evolution in t

(=

A snapshot on

Gavazz et al.:




Recombma’rton Lmes

S’rreng‘rh of emlssmn lines: var'les wu’rh The .
-age of the: s’rellar' popula’non | e

: Bluer, younger stars

WLMM P T

05
Kennicutt 1992




Ha Emission from HII Regions

Cloud of Hydrogen
Gas

"H-Alpha" red photo

Young, hot stats emit lots of

UY photon

k?k/- . - H spectrum (visible)

http://www.ucolick.org/~bolte/AY4 00/week3/HII region.gif

—



Ha as a Tracer of Star Formation

* Balmer Series n=3 to n=2 ; 656 nm
 Common line




Measur'mg S’rar Forma’rlon RaTes fr'om Ha

. Rela’re Ha flux to amoun’r of |on|zmg F‘GdIGTIOH .

“‘(Only stars with'M >10 M© and lifetimes <20 Myr e
com‘mbu’re sugmfucan’rly to The m’regm'red |on|zm9 flux): ~

L Conver‘r to ‘ro’ral s’rar forma’rlon r'aTe usmgL

- stellar initial mass function to-determine ow
~many stars of ‘a. glven sTeIIar mass ’ro use (e 9.

Kennlcu’r’r 1998) |

SFR(M@ yr )— 79>< 102L(Hoz)(e'rgss 5 i

r HO( is used most commonlyz but you can use other H
Ilnes too (H[3 PaB Pacx Bry) A




. .

N\any oTher mdlcaTors of s’rar forma’rlon; ‘

L. OTher recombmahon Imes H O

: Ul’rmvuole’r dmec’r ’rmcer of hot s’rars (buT
“extinction isa problem) GALEX |

Infmred ’rraces dusT hea’red by hoT s’rars
o ﬁ -~ Spszer WISE |

-V E have cavea’rs

| 'Ideally use mul’rlple mdlca’rors e. 9 Ha + IR .

e SFR(M@ yr1) = 5.3 x 10742 [L(Ha)obs - (0 031 + 0. 006)L(24 um)) -




. SFRs vary widely among galaxies
E/SO Sa  Sb Sd

I

e Normal

o Barred

wed g dS> /44dS = 9

Kennicutt 1998
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SFRS vary wu’rh redshlf’r

- Observa’rlon of hlgh r'edshn"r unlverse show ’rha’r
SFRs were hrgher in the past. -

Redshift
0.2 05

o

"~ FIR/submm
) ELGs

< UV-cont

® CADIS

[
=
>~
T
[}
o}
=
©
=,
2
[
N
QU
ap
L

[T rrryrrrTrT T T T T T T

-

0p=0.3, 0,=0.7
| | |

10
lookback time [Gyr]

[N N T T T T [N TN TN NN NN (NN SN MRS SN NN SN A

T

. Hippelein et al. 2003 g



SFRS vary with Envuronmen‘r

 — Observa’ruons of iocal unlverse show ’rha’r SFRS

are Iower in: dense envur'onmen’rs

[

Distance from

el

cluster center

llll

Local density
‘ >

llll A A AL llllll

1.0

10.0

Distance from Center (r/R_ )

0.1

1.0 10.0
Surface Density (hi Mpc™)

Results from Sloan Digifal Sky Survey (Gome.z. et al. 2003) -




... 3 . :

Morphology-Densﬂry Relahon

Nearb Clusters Clusters at z—O 5
Dressler 1980
L - (~ 5 billion years
o Sp : I()ressler et al. 1997y )

' De_pehde'n’r'q'n EnVlr'OnmenT, Tive



 Why do galaxy proper‘rles var'y
. WI‘|'h envur'omfnen’r7 sy

5 Psychology of GaIaX|es'

Galaxy Formatlon (Nature)

~-Vs.-‘,;f‘ e




.:'é;(]|(1>()/;£3(]|c1)<)/ .va;@n Iy
- Interactions

.In’rerac’rioﬁs-fchahgfé- i
dis’rr'ibujri_oins of gas and
Postars e




Types of Tidal Inter'actlens

(A Result of mteractlen depends on
* Mass ratio™ ", - . :
*Relatlve Ve|OCItleS el

. *Gas content . | :

: *Merglng / Cannlballsm /Accretlon
*Slower speeds €. g group enwronments

'* Non- -merging '

K Faster speeds e. g Cluster enwronments

| '* Repeated “Galaxy harassment |

* These mteractlons affect gas and stars —
= change morphology’? "




TIDAL INTERACTIONS IN M81 GROUP
Stellar Light Distribution 21 cm HI Distribution

Gas sensitive tracer of inferactions ;. -




© N6C4zBhinVirgs

Haynes et al. (2007)
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NGC 4532 in Vlrgo

N ALFALFA Intensnty Map
| smoothed over.1815 — 1878 km/s

N NGC 4532

f

»

D22461E -

! ' ! T ' T
267,00 370,00
RA [HMS] J2000

‘, ‘Koopmanh et al. (2008)

Channels 270 to 282 Smoothed over —> 1878.1829 to 1815.56844 km /s




(=750
(x.y) sky plane - (Ve=-T15, | ":597105 /
x.y) =, fome Ve
z line-of-sight (radial) Z=-42 NGC4192 :

0%

' 1=200 | =400

VirgoHI2ZI B 2

NGC4254 HI disk

\ i=30": V=0 : z=0 \

{=-200
V=945 (V:=-570, Vu=750)
z=160

Duc & Boumaud (2007)
*'1100 kms?
- 750 Myr

» Mass ratio: 1:1. 5 G

* Possible perturber: NGC 4192




Galaxy-Cluster Interactions: Ram Pressure Stripping

The hot intracluster
medium strips neutral
hydrogen gas (HI)
from galaxies, but
stars undisturbed

NGC 4522

; Optlcal . "L S HionR  «

5 40 35 30
RIGHT ASCENSION (J2000)

Kenney et al. (2004)
Chandra X-ray Piontek & Stone (2001)




‘..

S'rarva‘rlon/ STrangulaTuon
A ~(é.g., Larson et al. 1980)

e -In’rmgalac‘nc medlum (IGM)
. . strips extended gas halo -
~ Milder fortn of gas sTruppmg
e PremaTurely ‘halts s’rar' s
o '.'_Vforma’ruon

(Images from Balogh)




‘Galaxies in Clusters: Truncated HI -

g HI DCfICIenCy P QpameTer Virgo, A Laboratory f‘or Studying Galaxy Evolution

M ﬁl(expeCtéd)'

HI Def = log :

HI(observed)

. Giovanelli & Haynes- (‘1983')'- -
Solanes et al. (2001) |
.Tc)r'ib_io et al. (2012) =~ = © .

HI s’rrlpped from !
; outside in

Ram pressur'e‘>

/
Chung et al. 2007




S’rar Formlng Dusks Trunca’red m VII"QO.‘: }

Isola‘red '  - Vlrgo

NGC 3329 o ‘ optical radius §| R NGC 4580 =c/,

B _ NGC 4405 <. /<0
NGC 3359 - e




Which "En’vi ronmental Effects Most Important?

_CIusTer's
' 'Confllc’rmg
results .
" Tidal less
'|mpor‘ran‘r7
How: to explam
“morphology-
~“density. relation?
Groups: - S blue cloud
- Less studied
. Tld(]l. mare. BLUE
. important? . o
* Pre-processing? |

Low luminosity High luminosity



UAT Groups PI"OJZCT

L. 11 UAT InSTITUTIOHS

. S’rudy pr'oper"rles of 90|axues In groups o
~within ALFALFA and SDSS foo‘rpmn’rs

L ® Groups have X my observa’nons some have . .-

m’rmgroup med|um




UAT Groups Ha Survey Data

MOSAIC CCD images from the 0.9 meter
telescope at KPNO (Kitt Peak National
Observatory) in Arizona

3 runs: 2011, 2012, 2013: NOAO/WIYN UWSP

Broad band R Harris (15 min)
Narrow band (80 A) Ha filter (100 min)
Central field and "outer” field

All 11 UAT groups have at least 1 field




i Team

GSU
Siena
SLU

8 Hartwick

UWSP
Skidmore/Siena

| Colgate/SLU/
WTA&M

St. Mary’s
Siena/Colgate

Union

Lafayette
l Siena LCS
B Siena LCS

Group

WBL 226
MKW 10
HCG 59
WBL 368
WBL404/406

MKW 11

Zw 1400+09

WBL 509
WBL 251

NGC 5846
WBL 477

NGC 6107
MKW 8

Alternate
Name
NRGb041
NRGb151
NRGb157
NRGb168
NRGb206

NRGb247

NRGb282

NRGb301
NRGs076

NRGs272
NRGs385

# Fields

# Fields
Observed Reduced

0 (part
missing)




Example of R and Ha Image

R Filter Image Ha Filter Image




RA=223.27183, DEC= 3.33174, NIJDr52045, Plate= 588, Fiber=202

L RO
g Hy QI ol
HﬂH G Hﬂ Mg
HelSll HT Ol

_z=10.0052 +/= DjoC

fR filter

| Ha Eﬁlter

D1 (1.00), Galaxy,_—

7000 8000

6000 k
Wavelefgt

[4]

Images from: http://www.ctio.noao.cdu/instruments/ﬁltcrs/in(%ex.htlﬁl and http://gas.sdsé.org




NGC 5846 Radial Profile Examples

Graphs show surface

brightness as a function of . 2

radius, with surface brightnes: Optical Radius
found by averaging flux over

elliptical annuli ‘
»
AGC9573

AGC 9573

N ) N N [N .
N [y o © )

SB (mag arcsec-2)
N
D

This galaxy exhibits
star formation over
most of its optical
extent

N
w

N
(o))

N
~N

N
0o




Truncated
Star

Formation

AGC 253746 [0 i

SB (mag arcsec-2)




Truncated and
Depressed
Star
Formation

AGC 253770 AGC 253770

SB (mag arcsec-2)
N N
5 N

N
a
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Ha Imagmg leads To Follow up wu’rh LBW‘

: *Low mass 9CI|C(XI€S and HI depleTed galaXIes
not detéected by ALFALFA iy

* Star forma’rlon mduca‘res gas is presenT |

' * Selec’r galaX|es for followup
*Ha emlssmn in KP |mage

< *Galaxues w/in 2 Mpc of group cenTer and w/m .
r'easonable velocity r'ange that have SDSS
~ emission lines mduca‘rmg star forma’rlon o

* N mar'gmal ALFALFA deTec’non




NRGb282, Zw1400




’ - ¥

| AGC 8478 (MKW 11)

. Important caveat for spectra | -
o SDSS Fiber ~ 4” > only central SF traced




..’

® Hao

IS

Galaxies with
SF and red
colors

-17 -18 -19
ABSMAG_i




 Let's reduce/observe!




