The effect of environment in the
early Universe: a comparison of
protocluster and field galaxies at z~2
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WHEN DOES ENVIRONMENT
BEGIN TO AFFEC T GALAXIES?
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Need:

- a clean sample of protocluster galaxies

- asimilarly selected field sample

Perform a NB survey targeting HX emitters.



O CLUSTERS

Spiderweb Protocluster at z=2.2 LAES & HAEs
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Mass = 2 x 10> Me IF virialised === 4 x more massive than allowed by ACDM
Mortonson et al. (201 1)

Predicted X-ray = 6 x |0™erg/s
Observed X-ray ~ |.5 x 10%erg/s (Carilli et al. 2002)

Kuiper, NAH, et al. (201 1)
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GOoDs S

| total arka =172 arcrmin?

Spiderweb protocluster
4C+10.48 (z=2.35) (z=2.16; Kurk 2004)
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NB

SELECTING Hx EMIT TERS
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HOX emitters selected in exactly the same way In
ALL fields




Em|SS|on Ine contaminants

e <) interlopers in Spiderweb

BzK cmterla (Dadd| et al. 2004)
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D\STR\BUT\ON OF I—IAES

. COSMQS

4C+10.48 (z=2.35) Spiderweb protocluster (z=2.16)

e <[ interloper in 4C+10.48 field & <2 interlopers in Spiderweb
* |ess than |10% of candidates in protocluster fields are contaminants.
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COMPARING PROTOCLUSTER
AND FIELD GALAXIES

e ~25 field galaxies * ~35 protocluster galaxies

Hatch et al. 201 1b) arXiv: | 103.4364



HX LUMINOSITY FUNCTION
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HX LUMINOSITY FUNCTION
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HX LUMINOSITY FUNCTION

* SFR of star forming
oalaxies
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* SR of protoclusters = pSFR(field) x | 3x Volume

R Protoclusters ~ 3000 Me/yr
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GALAXY COLOUR

protocluster e Most protocluster
calaxies are blue

2]
Y
D)
=
=
O
3
an
o
o
—
D)
O
=
)
Z

Js - Ks (Vega)




GALAXY COLOUR

protocluster e Most protocluster
calaxies are blue

e (alaxy colour is similar
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RES [-FRAME R LUMINOSITY
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RES [-FRAME R LUMINOSITY

KS test gives P = 0.05
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MASS

e Star forming PC galaxies are
0.8 mag brighter than field
oalaxies.

e Star forming PC galaxies are
2 X as massive as field
calaxies.
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e Cluster galaxies always
differed from field galaxies.
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Similar results found Iin other studies: Steidel et al. (2003); Kuiper et al. (2010)



CONCLUSIONS

EnviFeRment does matier aize .

* No effect on SFR (of SF galaxies)

- Total SFRs of protoclusters ~ 3000Me/yr

* Mass function of protocluster and field galaxies differ

- Protocluster galaxies are twice as massive as their field

counterparts



