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Large scale s
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Galaxies cluster
into groups,
clusters and
superclusters

e Galaxies avoid
voids.




Large scale structure

- How did the structures we
see today form and evolve?

» Do cosmological models
predict this behavior?

- Can they give us any insight
into how and why this
structure develops?
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Large scale structure < 50 Mlyr
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Pisces-Perseus Supercluster
L togmies  CorneBareats

i
. Superclusteris
R Y

 Capricarus .
- Superchuster, . -

S o T "A Metagalactic Cloud
T Hercules R CEA

e e Superclusters® . - u |Bootes "
) o a8 & o s
L pro e

between Perseus and Pegasus”
Bernheimer (1932 Nature)

 Pavolndus [t 0 R
" Supercluster :

: Centaurns ;
igp, Supercluster®

3

Bulptar: ;.
Superciisters
e -

: Lt “"“F-&.G—» b :-"- - ;.gf' .
o Demd Ao - EDE%E e
A Superclgzter| © ¢
con TR Hiidra - .
Perzeus-Figoés
‘Supercluster

L

g

v

(YRR
. Supercluster”
Gelen. e

. e duperclustérs -0

LT s Supercluster
w'glialumba R o
A .‘E%Supercluster

o 5
T Atlas of the Universe




The Pisces-Perseus Supercluster

shapley Comd Tully et al 2014
#Nature 513, 71
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The Pisces-Perseus Supercluster
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The Pisces-Perseus Supercluster
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Declination

Right Ascension

See SH#1

UAT 06.16

AN S /AL (= A\




Velocity

20
Right Ascension

See SH#1
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The Pisces-Perseus Supercluster

Declination

Velocity




R.A.(J2000) Dec(J2000)

Common Name (deg) (deg)

NT343 Pegasus

Abell 2634

Abell 347
Abell 426 |Perseus

See SH#1
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 The dominant motion in the
universe is the smooth

expansion, known as the
Hubble Flow.

Smooth Hubble Flow

« Cosmological principle: On
large scales, the universe is
homogeneous and isotropic.
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Deviations from Hubble Flow fw-; o

P “Peculiar velocities”

o .‘ The Rest Vobs = Hubble+vpec
«“_» ofthe

© U .
s Universe v,

of:

* Orbital motion in
cluster/group

* Infall/outflow from
regions of over/under-
density

* "noise” on the pure
Hubble flow

.c includes components

A Cluster of Galaxies

Trace V.. < Trace mass

Tully et al 2014 Nature .
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BE R = S

Deviations from Hubble Flow

“Peculiar velocities”

Vobs - Hubble + Vpec

Peculiar
wotion

V
of
* Orbital motion in
cluster/group
* Infall/outflow from
regions of over/under-
density
* "noise” on the pure

Hubble flow

.c includes components

Trace V.. < Trace mass
Tully et al 2014 Nature .
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“Peculiar velocities”

Vobs = Hubble + Vpec

Viec includes components
of:
* Orbital motion in
cluster/group
* Infall/outflow from
regions of over/under-
density
* "noise” on the pure

Hubble flow

Trace V.. < Trace mass
Tully et al 2014 Nature .
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The Great Attr&tor
" Ahtiia /M"ky Way
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Measuring peculiar velocities? — _ fe=siis.

« Observe the recessional velocity —

“Peculiar velocities”

* Measure the distance by a
redshift-independent method

« Estimate the Hubble velocity
expected for a galaxy at that
distance.

Viee = Vs = H, D « The difference between the

Vobs = VHubble + Vpec

Ve = Hy, D

observed and expected recessional
velocity is the peculiar velocity.

The method we use to estimate the distance depends on:
« the type of galaxies we study:;
 their distance from us;
* how accurate we need the distance to be;
« the investment of telescope time needed to achieve the
result. 19
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® Local calibrotors
¢ Virgo cluster py=3076
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Tully-Fisher relation poa

AL « Observe the HI 21 cm
* Local calibrotors i .. y s em|SS|On pr'Oflle:

& Virgo cluster .= 20Me

* Measure V.
* Measure W, (width of 21
cm profile)

« Obtain an image of the galaxy
* Measure total brightness
(apparent magnitude m)
 Measure the apparent axial
ratio b/a

* Make lots of corrections to
get rotational velocity and
absolute magnitude

E'D':-h."n iE "!l:lﬂl.. 5 TOO Emss
LUG &Vi0) « Use TFR to get distance
22
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« Recent works subsTi’ru‘rz
stellar mass for absolute
maghitude.

 For star-forming galaxies
of stellar masses below
10° M, the HI mass
exceeds the stellar mass.

 Define the baryonic mass
as the sum of the stellar
and HI masses.

Note: some authors correct
for He or H, abundance;
watch definition! =
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The Arecibo Pisces-Perseus
Supercluster Survey

Aims to measure
the
infall/backflow
intfo PPS using
the BTFR

In addition to
ALFALFA, more
galaxies!

Mike Jones
(almost) PhD
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The Arecibo Pisces-Perseus SuEerclus’rer S
The APPS survey or the AP o
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Mean overdensity over the v, range (4000,8000) produced by
interpolating between 2MRS overdensity map points (Erdogdu+ 2006)

The black dotted rectangle outlines our target area:
22h < RA < 3h and +23 < Dec < +35




ALFALFA (blue)

LBW (green)




Filaments in the Illustris Simulation
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APPSS Survey Objective %{*’-ﬂ&

5. v P g‘! . @ :

Measure BTFR distances and peculiar velocities to a
large sample of galaxies in the PPS

Look for infall and backflow onto the PPS
overdensity

Measure the mass per unit length of the
supercluster.

Compare the result to the predictions of nhumerical
simulations.

30
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Measuring Infall onto PPS s
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Peculiar velocity measurements are tricky because of all the
corrections that have to be made.

The uncertainty in the BTFR distance on an individual galaxy is
probably 25-30%. For a distance of 5000 km/s, that is a
velocity error of > 1000 km/s!

We need to be able to average/bin galaxies to reduce the
uncertainty.

We need more galaxies with BTFR distances!

Comparison with simulations will allow us to place limits on the
results, in the presence of uncertainty, sample bias, and
statistics.

31
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APPSS LBW proposal @,w%

« Explore fainter SDSS/GALEX objects which are very blueand —
have sample range of AbsMag, r_d, SB => are they in the volume or
hot?

« Identify PPS targets meeting SDSS spectroscopic sample and
blue (NUV-r), but not in a.70
« Conduct LBW survey of these targets
 Measure HI flux densities, recessional velocities and
velocity widths
* Measure magnitudes and axial ratios of detections
* Calculate stellar masses and inclinations
* Calculate baryonic masses (stars+gas)
« Calculate rotational velocities (corrected for inclination)

+ Explore dependence of HIMF/WF across range of environments
sampled
« Using BTFR to measure infall onto PPS ridge

UAT 06.16
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Culling blue SF galaxies in the SDSS

Query 19
SELECT
.objid, p.ra, p.dec,
.CModelMag u,p.cModelMag g,p.cModelMag r,p.cModelMag i,p.cModelMag z,
.petroMag r, p.petroR50 r, p. petroRQO r,
.expRad g, p.expRad r,expRad i,p. expAB_g,p.expAB_r,p.expAB_ ¥
.fracDeV g,p.fracDeV r,p.fracDev i,
.extinction g, p.extinction r, p. extinction"i,
.lnLDeV r,p.type
FROM PhotoPrimary as p
WHERE
.ra >= 140 AND p.ra <= 175 AND
.dec >= 8 AND p.dec <=16 AND
.CModelMag r > 16.5 AND p.cModelMag r < 23. AND
.cModelMag i > 16.5 AND p.cModelMag r < 23. AND|
.fracDeV r < 0.8 AND
.CModelMag r < 21.0 AND p.cModelMag r > 17.5 AND
p.cModelMag g - p.cModelMag 1) < 0.6 AND
p.cModelMag g - p.cModelMag i) > -0.5 AND
p.expRad g > 3 AND p.expRad r > 3 AND p.expRad 1 > 3 AND
p.petroR50 r > 3 AND
p.lnLExp r > (13.81+p.lnLDeV r) AND
p.type = 3
order by p.ra

uery I used; now also use GALEX FUV/NUYV photom.




APPSS results

Query returns a lot of
Isb, blue galaxies but
also bogus objects.

Further refinement
GALEX+examination to
pick best targets

Our LBW observtions
show than in fact,
many of these objects
are actually in target
redshift rangel

More observations
coming (we hopel)

1237664105776545953
J094049.92+113313.4

1237668288542474511
J094054.47+150428.8

1237661064951235092
J094059.5+093357.9

1237661064414363969
J094101.78+090630.4

1237671123228164832
J094109.73+125851.9

1237660585515024708
J094110+084728.8

I/'

1237668288542474551
J094110.24+150227

1237660585515090068
J094147.84+085407.5

Q

1237670964314047093
J084154.86+145816.9

1237664105239806218
J094158.19+110953.7

1237661069246333581
J094205.37+112006.6

1237661070320075326
J094125.18+120930.5

1237661069246398882
J094223.89+112355.6

1237658493875126744
J094229.8+084433.1

1237660585515221309
J094253.84+085735

1237664105776808290
J094256.53+113946.5

1237661068709527959
J094303.37+110446.4

1237661065488499113
J094356.08+100605.3

1237671124839236050
J094400.93+142410

1237661069783466854
J094404.83+115819.4

1237660669813981522
J094412.6+093209.1

1237671124839235901
J094417.76+142310

1237661065488499387
J094419.77+100332.6

1237661070320402943
J094439.76+121958.8

1237671262814994719
J094440.26+145243.9
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The APPS survey or the APPSS LT ey
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ALFALKA low SNR; LBW det | ALFALFA low SNR; . BW det
cz=2817km/slog Mz = 838 |cz=3650 km/slog M, = B.41

SDSS-phot-selecied targel SDSS-phot-selected target




