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A B S T R A C T

C D G- 1 is a ti g ht gr o u pi n g of f o ur li k el y gl o b ul ar cl ust ers i n t h e P ers e us cl ust er, a n d a
c a n di d at e d ar k g al a x y wit h littl e or n o di ff us e li g ht. H er e w e pr o vi d e n e w c o nstr ai nts o n
t h e l u mi n osit y of a n y u n d erl yi n g st ell ar e missi o n, usi n g H S T / U VI S F 2 0 0 L P i m a gi n g.
N o di ff us e e missi o n is d et e ct e d, wit h a 2 σ u p p er li mit of F 2 0 0 L P > 2 8 .1 m a g ar cs e c − 2

o n t h e 5 ′′ s c al e of C D G- 1. T his s urf a c e bri g ht n ess li mit c orr es p o n ds t o a 2 σ l o w er li mit
of > 0 .5 f or t h e fr a cti o n of t h e t ot al l u mi n osit y t h at is i n t h e f or m of gl o b ul ar cl ust ers.
T h e m ost li k el y alt er n ati v e, alt h o u g h i m pr o b a bl e, is t h at C D G- 1 is a c h a n c e gr o u pi n g
of f o ur gl o b ul ar cl ust ers i n t h e h al o of t h e P ers e us g al a x y I C 3 1 2.

1. I N T R O D U C TI O N

C D G- 1 1 (α = 3 h 1 8 m 1 2 .2 2 s , δ = 4 1 ◦ 4 5 ′5 8 .′′3) w as i d e nti fi e d i n a st atisti c al a n al ysis of t h e s p ati al
distri b uti o n of gl o b ul ar cl ust ers i n t h e P ers e us cl ust er. S el e cti n g gl o b ul ar cl ust ers b y t h eir si z e a n d
bri g ht n ess, Li et al. (2 0 2 2 ) f o u n d 1 1 o v er d e nsiti es i n 2 0 H S T i m a g es fr o m t h e PI P E R s ur v e y ( H arris

et al. 2 0 2 0 ). Te n ar e ass o ci at e d wit h k n o w n ultr a di ff us e g al a xi es ( U D Gs), b ut o n e is n ot: C D G- 1 is
c o m pris e d of 4 gl o b ul ar cl ust ers wit hi n ≈ 5 ′′, wit h n o o b vi o us s m o ot h li g ht c o m p o n e nt i n t h e PI P E R

d at a (s e e Li et al. 2 0 2 2 ). It is t h er ef or e a c a n di d at e f or a d ar k g al a x y, or r at h er a g al a x y w h os e st ars
ar e m ostl y or e ntir el y l o c k e d u p i n gl o b ul ar cl ust ers.

T h e m ost e xtr e m e gl o b ul ar cl ust er-ri c h g al a xi es c urr e ntl y k n o w n ar e N G C 5 8 4 6- U D G 1 ( F or b es et al.

2 0 1 9 ; M üll er et al. 2 0 2 1 ), w h os e ≈ 5 4 gl o b ul ar cl ust ers c o m pris e ∼ 1 3 % of t h e t ot al li g ht ( D a ni eli

et al. 2 0 2 2 ), a n d U G C 9 0 5 0- D w 1, wit h ≈ 5 2 cl ust ers m a ki n g u p ∼ 2 0 % of t h e li g ht ( Fi el d er et al.
2 0 2 3 ). As dis c uss e d i n D a ni eli et al. (2 0 2 2 ), t h es e fr a cti o ns m a y h a v e b e e n cl os e t o u nit y at birt h,

1 C a n di d at e D ar k G al a x y 1
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2 v a n D o k k u m e t a l.

b e c a us e of t h e c o m bi n e d e ff e cts of m ass l oss a n d t h e disr u pti o n of l o w m ass cl ust ers ( e. g., L ars e n

et al. 2 0 1 2 ; Tr ujill o- G o m e z et al. 2 0 1 9 ). T ur ni n g t his ar g u m e nt ar o u n d, C D G- 1 s h o ul d h a v e s o m e
di ff us e li g ht ass o ci at e d wit h it e v e n if all its st ars ori gi n at e d i n gl o b ul ar cl ust ers.

2. O B S E R V A TI O N S A N D R E S U L T S

We o bt ai n e d si x or bits of H u b bl e S p a c e Tel es c o p e ( H S T) W F C 3 / U VI S i m a gi n g of C D G- 1 t o s e ar c h
f or di ff us e li g ht i n b et w e e n t h e gl o b ul ar cl ust ers ( pr o gr a m G O- 1 7 4 5 4). H S T is g e n er all y n ot w ell s uit e d

f or l o w s urf a c e bri g ht n ess i m a gi n g, b ut t h e dist a n c es b et w e e n t h e gl o b ul ar cl ust ers ar e s o s m all ( 1 ′′ –

2 ′′) t h at t h e wi n gs of t h e P S Fs bl e n d t o g et h er i n gr o u n d- b as e d s e ei n g. T h e F 2 0 0 L P filt er w as us e d, as
t his m a xi mi z es t h e s e nsiti vit y of H S T (s e e, e. g., K ell y et al. 2 0 2 2 ). T h e o bs er v ati o ns c a n b e a c c ess e d
vi a d oi: 1 0. 1 7 9 0 9 / 1 4j b- 4 4 8 7 . T h e d at a w er e dri z zl e d aft er m at c hi n g t h e b a c k gr o u n d l e v els i n all c hi ps

a n d e x p os ur es. T h e i m a g e is cr o w d e d, wit h s e v er al bri g ht st ars as w ell as t h e S 0 g al a x y I C 3 1 2 ( all
wit h ass o ci at e d fi g ur e- 8 g h osts). T h e r e gi o n ar o u n d C D G- 1 is s h o w n i n Fi g. 1, wit h t h e f o ur cl ust ers
i n di c at e d.2

T h er e is n o si g ni fi c a nt d et e cti o n of di ff us e li g ht b et w e e n t h e gl o b ul ar cl ust ers; n eit h er m e di a n filt er-
i n g n or bi n ni n g n or G a ussi a n s m o ot hi n g s h o ws a fl u x e n h a n c e m e nt wit h r es p e ct t o t h e s urr o u n di n gs.
T h e s c al e- d e p e n d e nt e m piri c al 2 σ s urf a c e bri g ht n ess li mit, as d et er mi n e d fr o m a n o bj e ct- m as k e d
i m a g e wit h t h e s b c o n t r a s t c o d e ( K ei m et al. 2 0 2 2 ), is s h o w n i n t h e b ott o m l eft p a n el of Fi g. 1
( aft er a p pl yi n g a 0. 5 m a g G al a cti c e xti n cti o n c orr e cti o n). O n t h e ≈ 5 ′′ s c al e of C D G- 1 t h e F 2 0 0 L P
li mit is 2 8.1 m a g ar cs e c − 2 ( A B). Usi n g t h e m e as ur e d F 2 0 0 L P fl u x es of t h e gl o b ul ar cl ust ers a n d m ul-
ti pl yi n g t h e s urf a c e bri g ht n ess b y t h e s q u ar e of t h e s p ati al s c al e t o g et t ot al di ff us e m a g nit u d es, w e
c a n c al c ul at e t h e m a xi m u m fr a cti o n of t h e t ot al li g ht t h at is i n a di ff us e c o m p o n e nt ( b ott o m ri g ht
p a n el i n Fi g. 1). We fi n d a 2 σ u p p er li mit of ≈ 0 .5 f or t his fr a cti o n f or a g al a x y si z e of 5 ′′ ( 1. 8 k p c
at t h e 7 5 M p c dist a n c e of P ers e us). T h e t o p ri g ht p a n el i n Fi g. 1 ill ustr at es w h at a n arti fi c al di ff us e
o bj e ct of t his si z e a n d bri g ht n ess ( m = 2 4 .6) l o o ks li k e; as e x p e ct e d, it is j ust visi bl e. T h e li mit o n
t h e fr a cti o n is a str o n g f u n cti o n of si z e: f or l ar g er si z es, t h e p er- ar cs e c 2 s urf a c e bri g ht n ess li mit is
w e a k er, a n d t h e t ot al bri g ht n ess of t h e di ff us e c o m p o n e nt is l ar g er b y a f a ct or (si z e) 2 .

3. DI S C U S SI O N

T h e a p p ar e nt l a c k of di ff us e e missi o n i n b et w e e n t h e gl o b ul ar cl ust ers is, at f a c e v al u e, di ffi c ult t o

r e c o n cil e wit h t h e n oti o n t h at C D G- 1 is a g al a x y. It r e q uir es t h at n o st ars w er e f or m e d o utsi d e of t h e
f o ur gl o b ul ar cl ust ers a n d t h at t h er e w as n o a p pr e ci a bl e m ass l oss or d estr u cti o n of l o w m ass cl ust ers

(s e e D a ni eli et al. 2 0 2 2 ). It is p ossi bl e, h o w e v er, t h at t h e di ff us e e missi o n h as a l ar g er s p ati al e xt e nt
t h a n t h e r e gi o n o c c u pi e d b y t h e f o ur gl o b ul ar cl ust ers. S p e ci fi c all y, if t h e g al a x y s p a ns 1 0 ′′ × 1 0 ′′

( 3. 6 k p c × 3. 6 k p c, a m o d est-si z e d U D G), t h e U VI S d at a all o w di ff us e li g ht c o ntri b uti o ns u p t o ≈ 9 0 %
of t h e t ot al li g ht (s e e Fi g. 1).

A n alt er n ati v e e x pl a n ati o n is t h at C D G- 1 is n ot a g al a x y. It is u nli k el y t h at t h e gr o u pi n g o c c urr e d
b y c h a n c e i n t h e g e n er al P ers e us cl ust er fi el d ( Li et al. 2 0 2 2 ). H o w e v er, t h e f o ur cl ust ers mi g ht b e p art

of t h e o ut er gl o b ul ar cl ust er p o p ul ati o n of I C 3 1 2 (s e e t h e dis c ussi o n i n Li et al. 2 0 2 2 ). I n c o n cl usi o n,
t h e U VI S d at a d o n ot d e fi niti v el y t ell us w h et h er or n ot C D G- 1 is a d ar k g al a x y. R a di al v el o citi es,

a n d t h e p ossi bl e d et e cti o n of ot h er e x a m pl es ( Li et al. 2 0 2 3 ), m a y pr o vi d e f urt h er c o nstr ai nts.

2 T h e n u m b eri n g f oll o w s T a bl e 3 i n Li et al. (2 0 2 2 ).
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Fi g u r e 1. T o p l eft a n d c e nt er: s e cti o n of t h e 6- or bit F 2 0 0 L P i m a g e, c e nt er e d o n t h e f o ur gl o b ul ar cl u st er s
t h at c o n stit ut e C D G- 1. N o di ff u s e li g ht i s d et e ct e d b et w e e n t h e cl u st er s. T o p ri g ht: s a m e a s t o p c e nt er,
wit h a n arti fi ci al 5 ′′ × 5 ′′ p at c h of di ff u s e li g ht a d d e d. T h e p at c h h a s t h e s a m e t ot al bri g ht n e s s a s t h e f o ur
gl o b ul ar cl u st er s. B ott o m l eft: F 2 0 0 L P 2 σ s urf a c e bri g ht n e s s d e pt h a s a f u n cti o n of s p ati al s c al e. B ott o m
ri g ht: c orr e s p o n di n g u p p er li mit o n t h e fr a cti o n of t h e t ot al li g ht t h at i s i n a di ff u s e c o m p o n e nt.
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