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- &Iueberry and Green Pea galaxies live in low density environments
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High z, compact galaxies, red, blue,
V-shaped SED

Nature of activity: SMBH/SF

Unusual properties: Overmassive, Low
X-ray/Radio

BH Growth in dense lonised gas
Abundant - how rapidly did SMBHs
form and grow?

CEERS 14448

JWST

NGDEEP 4321

PRIMER-COS 10539

z=4.75 2=8.92 2=7.48
» . -
JADES 9186 PRIMER-UDS 17818
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. . »
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7#=5027

Image credit: NASA, ESA, CSA, STScl, Dale Kocevski (Colby College)/ Robert Lea
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J122051+491555

5 arcsecon s
4,000 ight-years

04590
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SDSS and NASA, ESA, CSA, and STScl)

High vs Low z objects

[OI11] 5007 A

SDSS Green Peas
J082701+342951

J122051+491555

Webb Cosmic Dawn
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Hydrogen Hydrogen
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NASA’s Goddard Space Flight Center/Rhoads et al. 2023



What are these low z objects?

1. Green pea galaxies: Discovered by the citizen science volunteers in the “Galaxy Zoo”
project (Cardamone et al. 2009)

2. 0.1<z<0.33

3. Compact dwarf galaxies, high sSFR, low metallicity

'27 Ny

SDSS




Why are they green?

Due to strong [Olll] 5007 A
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Cardamone et al. 2009



The First Confirmed Dual AGN within a GP System
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K. Kouroumpatzakis, ..., M.Gupta, ... et al. 2026 (submitted to nature comm.)



Blueberry Galaxies

0<z=<0.1

Compact dwarf starburst galaxies with
even higher SFR (> ~10 M_yr ') lowest
masses and metallicities of starburst
galaxies

Very high ionization

X-ray weak

Yang et al. 2017
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How do the large scale enwronment of Blueberry and
Green Pea galaxies relate to their unusual activity
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Star formation scenarios

Category | Mechanism Example Environment
Internal Gravitational instability Disks, molecular clouds
Cloud—cloud collisions Spiral arms
Spiral density waves Grand-design spirals
Bar inflows Barred galaxies
External Galaxy mergers Interacting pairs
Ram pressure Cluster galaxies
Cosmological accretion Early or dwarf galaxies
Feedback | SN shocks, H Il expansion | Star-forming regions
Exotic AGN jets, radiation Radio galaxies

.“‘
galaxy UGC 5101 HST
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® 339 GPs selected at redshifts 0.1 <z Ll LA AR ‘. ..
<0.33 from: LR L
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Credit: Richard Nowell and the SDSS



Blueberry Sample

1) PGC3095401 2) PGC5094058 3) o146 4) PGC3359860 5) PGC5076296 6) PGC1464247 7) PGC24384
| . «
% .
=
.
8) PGC3995162 9) PGC101527 10) PGCA571707 11) PGC140535 12) PGC46812 13) PGC2790918 14) PGC4120682

® 56 BBs selected at redshifts z < 0.1 from: :
o Yangetal.(2017) - 35

+

> - @

o Kouroumpatzakis et al. (2024) - 21 ' -

22) PGC3105909 23) PGC3096164 24) PGC28091 25) PGC4015256 26) PGC5088550 27) PGC101471 28) PGC2816094

Q » ¢ » 0 ©

)
29) PGC4621615 30) PGC4113466 31) PGC3108006 32) PGC3328781 33) PGCS53325 34) PGC4339082 35) PGC142895
o ° " o - . .
.
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36) PGC4090151 37) PGC142894 38) PGC139572 39) PGC6741371 40) PGC3247466 41) PGC4080080 42) PGC1005611

’ 3 '”‘ o ¥ -

-
43) PGC3096144 44) PGC4080012 45) PGC3224547 46) PGC539|Z‘ 47) PGC38901 48) PGC39402
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credit: Kouroumpatzakis et al. (2024)



SDSS Parent Sample

® Clustering properties of GPs
& BBs vs SDSS MPA-JHU

DR8 catalogue

e 1068446 objectsin 3

redshift ranges:
o 0<z<0.1

o 0.1<z=0.2
o 0.2<z<0.33

Gupta et al. 2026




Log(sSFR/yr)

Passive Normal
Log(M. /M) <-10.5 -10.5 < log(sSFR/yr) < -9.5
Dwart 16672 37637 22066
<95
Average
J 62245 109638 10053

(9.5 < log(M_/M_) < 10.5)

325560 74045 4320




The sample

warf Passive (16672 objects)
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Redshift
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Redshift
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Gupta et al. 2026




Mass vs Star Formation rate

0.05<z<0.32
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Galaxy Mass




Study of clustering

Number of neighbors in 5 Mpc radius as a proxy for environmental density




Selection Bi

- GP and BB samples < parent
sample; different z distributions

- To avoid biases due to selection
effects: Pair-matching

- To improve statistical
significance of the clustering
results: Bootstrapping
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Pair-matching & Bootstrapping

Green Pea bootstrap  Green Pea bootstrap
sample 1 i sample 2
Green Pea sample

Redshift Redshift

/
y //x\\ /

| Find neighbours by
;) matching with parent
sample

Redshift

/

Massive Passive Massive Passive
bootstrap sample 1 bootstrap sample 2

Massive Passive sample

Redshift Redshift

// Statistical significance improved - 500 Subsamples
Eliminates biases - Similar z distribution

Redshift

Gupta et al. 2026



Clustering Results 0<z<0.1

Passive Passive Passive Normal Normal Normal  Starburst Starburst  Starburst Blue
Massive Average Dwarf Massive Average Dwarf Massive Average Dwarf Berries
(35.10) (37.92) (44.64) (28.28) (25.07) (23.96) (23.90) (21.16) (21.39) (14.18)




Clustering Results 0.1 <z <0.33

Passive Passive Passive Normal Normal Normal  Starburst Starburst Starburst Green

Massive Average Dwarf Massive Average Dwarf Massive Average Dwarf Peas

(1.98) (1.91) (1.50) (1.48) (1.45) (1.36) (1.42) (1.18) (0.91) (0.84)
Class

(Median) Gupta et al. 2026




Mass of Nearest Neighbour

Passive Dwarf
Normal Dwarf
Starburst Dwarf
Blueberry
Normal Average
Normal Massive
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(M*/Mo) Gupta et al. 2026

Massive neighbours quench star formation of dwarf galaxies due to rapid gas stripping




Metallicity
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o Absence of past substantially long SF cycles of moderate intensity in the past

o Low levels of SF for most of its lifetime, and only recent strong starbursts




Comparison with Simulations




Comparison with Simulations

Illustris-TNG cosmological
simulation (TNG300)
Photometric cut-offs with
SDSS sensitivity

519011 galaxies.
Comparison shows broad
agreement with
observational sample.

log10(Mass)

Gupta et al. 2026 (to be submitted)



Comparison with Simulations
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Passive Passive Normal Normal Normal Starburst Starburst Starburst
Massive Average Massive Average Dwarf Massive Average Dwarf
(37.88) (32.72) (33.08) (26.41) (22.51) (32.99) (25.61) (23.95)
Class
(Median) Gupta et al. 2026 (to be submitted)




Comparison with Simulations

Blueberry galaxies
(median ~14 neighbours)
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Passive Passive Passive Normal Normal Normal Starburst Starburst Starburst
Massive Average Dwarf Massive Average Dwarf Massive Average Dwarf
(37.88) (32.72) (29.61) (33.08) (26.41) (22.51) (32.99) (25.61) (23.95)
Class
(Median)




Key Results

O/
°

Galaxy clustering depends on star-formation,
> Passive galaxies more clustered than Starburst.
> GPs and BBs lying at the extreme end of this relation - lowest

neighbour counts.

BBs have lower-mass nearest neighbours than other classes of dwarf
galaxies.

The comparison with simulation shows broad agreement with
observational trends.




Conclusions

« GPs and BBs predominantly reside in isolated, low-density
environments, suggesting that their intense starbursts are unlikely to be
triggered by common environmental processes such as mergers or
starburst cycles.

« Their low metallicities and weak clustering instead support scenarios in
which recent starbursts are driven by internal processes or pristine gas
accretion, reinforcing their role as nearby analogs of young, low-mass
galaxies in the early Universe.
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