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( M O R E  [ C I I I ] , C I I I ] )  



T H I S  T A L K

• INTRODUCTION TO BLUETIDES  

• PREDICT IONS:  
• DUST-OBSCURED STAR FORMATION.  

• NEBULAR [C I I I ] ,C I I I ]  EMISS ION 

• WHAT CAN WE LEARN FROM THE REST-FRAME UV?



W I L K I N S  E T  A L . ,  2 0 1 7 A

NUMBER OF 
GALAXIES  IN  
EACH MASS 

B IN IN  
BLUETIDES

✦ I T  S I M U L AT E S  D O W N  T O  
Z = 8  ( P H A S E  I ,  C O M P L E T E D )  
A N D  Z = 6  ( P H A S E  I I ,  
O N G O I N G )  

✦ S I M U L AT E S  A  V O L U M E  
~577 3 MPC 3  

✦ 2  ✕  7 0 4 0 3   ~  0 .7  TR ILL ION 
PART ICLES  

✦ M A S S / S PAT I A L  R E S O L U T I O N  
I S  S L I G H T LY  W O R S E  T H A N  
E A G L E  A N D  I L L U S T R I S

B L U E T I D E S :  T H E  S I M U L A T I O N

Feng et al. 2015, 2016; Wilkins et al. 2016bc, 2017ab; Waters et al. 2016ab; di Matteo et al. 2017



T H E R E  I S  A  S T R O N G  M A S S -
M E TA L L I C I T Y  R E L AT I O N  I N  
P L A C E .  

A P P R O A C H I N G  ~ 5 0 %  S O L A R  
AT  1 0 1 0  M ⊙ .  O V E R L A P S  
O B S E R V AT I O N A L  
C O N S T R A I N T S  AT  Z ~ 3 . 5 .   

W I L K I N S  E T  A L . ,  2 0 1 7 A

B L U E T I D E S :  M A S S - M E T A L L I C I T Y  R E L A T I O N



T O  M O D E L  T H E  D U S T  
AT T E N U AT I O N  W E  C A L C U L AT E  
T H E  L I N E  O F  S I G H T  S U R F A C E  
D E N S I T Y  O F  M E TA L S  T O  E A C H  
S TA R  P A R T I C L E  A N D  A S S U M E  
T H AT  I S  P R O P O R T I O N A L  T O  
T H E  D U S T  O P T I C A L  D E P T H .  

W E  T H E N  T U N E  T H E  
P R O P O R T I O N A L I T Y  C O N S TA N T  
T O  R E C O V E R  T H E  O B S E R V E D  
U V  L U M I N O S I T Y  F U N C T I O N .

B L U E T I D E S :  D U S T  M O D E L

T H I S  I S  S I M I L A R  T O  R O M E E L  D A V E ’ S  
C L O S E R  C O D E .

W I L K I N S  E T  A L . ,  2 0 1 7 A



T H E R E  I S  A  S T R O N G  
C O R R E L AT I O N  B E T W E E N  
S T E L L A R - M A S S  ( M * > 1 0 8  M ⊙ )  
A N D  D U S T  AT T E N U AT I O N  
AT T E N U AT I O N .   

G A L A X I E S  AT  M * ~ 1 0 1 0  M ⊙  
A R E  P R E D I C T E D  T O  H A V E  U V  
AT T E N U AT I O N  O F  A ~ 2 . 5 .  

B L U E T I D E S :  D U S T  A T T E N U A T I O N
E S C A P E  F R A C T I O N  O F  F A R - U V  P H O T O N S  ( N O T  L Y C )



B L U E T I D E S :  D U S T  A T T E N U A T I O N
E S C A P E  F R A C T I O N  O F  F A R - U V  P H O T O N S  ( N O T  L Y C )

T H E R E  A P P E A R S  T O  B E  
S O M E  T E N S I O N  H E R E .  
T H I S  C O U L D  B E :  

• T H E  S I M U L AT I O N  I S  W R O N G .  
• O B S E R V AT I O N A L  E S T I M AT E S  

A R E  B A S E D  O N  I N C O R R E C T  
A S S U M P T I O N S .  



B L U E T I D E S :  E M I S S I O N  L I N E  P R E D I C T I O N S

WE CAN MODEL THE NEBULAR EMISS ION FROM EACH 
GALAXY IN  THE S IMULATION BY  ASSIGNING AN 
INTRINSIC  STELLAR SED  TO EACH STAR PARTICLE  
(BASED ON ITS  AGE AND METALL IC ITY )  AND PASSING 
THAT SED THROUGH A PHOTOIONISATION CODE .  



B L U E T I D E S :  E M I S S I O N  L I N E  P R E D I C T I O N S

WE CAN MODEL THE NEBULAR EMISS ION FROM EACH 
GALAXY IN  THE S IMULATION BY  ASSIGNING AN 
INTRINSIC  STELLAR SED  TO EACH STAR PARTICLE  
(BASED ON ITS  AGE AND METALL IC ITY )  AND PASSING 
THAT SED THROUGH A PHOTOIONISATION CODE .  

I ’ LL  CONCENTRATE ON THE [C I I I ] ,C I I I ]  L INE AT  1908 .   

• TYP ICALLY  SECOND BRIGHTEST  L INE IN  THE UV .  

• CURRENTLY OBSERVABLE (AND OBSERVED,  E .G .  STARK ET  AL .  
2015 ,2017 )  AT  H IGH-REDSHIFT  (Z~6 )  AND ACCESS IBLE  TO 
VERY-HIGH (Z>10 )  REDSHIFT  WITH JWST.  

• SENSIT IVE  TO THE METALL IC ITY.



U V  D I A G N O S T I C S :  [ C I I I ] , C I I I ]  E Q U I V A L E N T  W I D T H
D E P E N D E N C E  O N  M E T A L L I C I T Y  

BASED ON BPASSV2.1  THE 
[C I I I ] ,C I I I ]  EQUIVALENT 
WIDTH DECL INES AT >  
~1/5  Z SOL AND PLATEAUS 
BELOW.



U V  D I A G N O S T I C S :  [ C I I I ] , C I I I ]  E Q U I V A L E N T  W I D T H
D E P E N D E N C E  O N  S F H  

D U R A T I O N  O F  C O N S T A N T  S T A R  F O R M A T I O N

SENSIT IVE TO THE THE 
STAR FORMATION HISTORY.  



U V  D I A G N O S T I C S :  [ C I I I ] , C I I I ]  E Q U I V A L E N T  W I D T H
D E P E N D E N C E  O N  D U S T  

I F  DUST  AFFECTS  NEBULAR EMISS ION 
MORE STRONGLY THAN CONTINUUM 
EMISS ION THE EQUIVALENT WIDTH WILL  
ALSO BE  SENSIT IVE  TO THE AMOUNT OF 
ATTENUATION.

DUST ONLY AFFECTS EMISS ION 
FROM YOUNG STARS

DUST AFFECTS ALL  
EMISS ION UNIFORMLY

HERE WE ARE SHOWING PREDICT IONS US ING THE 
CHARLOT & FALL  (2000 )  MODEL FOR VARIOUS 
VALUES OF MU.



U V  D I A G N O S T I C S :  [ C I I I ] , C I I I ]  E Q U I V A L E N T  W I D T H
D E P E N D E N C E  O N  O T H E R  P H O T O I O N I S A T I O N  P A R A M E T E R S  

THE [C I I I ] ,C I I I ]  LUMINOSITY  IS  ALSO SENSIT IVE  TO 
TO RANGE OF OTHER PARAMETERS  WHICH ARE NOT 
PREDICTED BY  THE S IMULATION.

D U S T  D E P L E T I O N L Y C  E S C A P E  F R A C T I O N  



U V  D I A G N O S T I C S :  [ C I I I ] , C I I I ]  E Q U I V A L E N T  W I D T H
D E P E N D E N C E  O N  I O N I S I N G  S O U R C E  ( A N D / O R  S P S  M O D E L )  

SENSIT IVE TO THE CHOICE OF SPS  
MODEL AND IMF.



B L U E T I D E S :  [ C I I I ] , C I I I ]  E W  D I S T R I B U T I O N

PREDICTED INTRINSIC  AND OBSERVED 
[C I I I ] ,C I I I ]  EW DISTR IBUTION AS A 
FUNCTION OF STELLAR MASS.  



B L U E T I D E S :  [ C I I I ] , C I I I ]  E W  D I S T R I B U T I O N

IF INSTEAD WE COMPARE THE 
EW AGAINST  OBSERVED UV 
LUMINOSITY  WE CAN MAKE A 
DIRECT COMPARISON WITH 
OBSERVATIONS AT Z>6.  

WHILE  TWO OBJECTS  ARE 
CONSISTENT WITH THE 
BLUETIDES  PREDICT IONS,  THE 
F INAL ONE L IES  FAR OUTSIDE 
THE PREDICTED DISTR IBUTION .



B L U E T I D E S :  [ C I I I ] , C I I I ]  E W  D I S T R I B U T I O N

THERE ARE SEVERAL 
SOLUTIONS:  

• THE S IMULATION IS  WRONG.  
• THE DUST  MODEL IS  WRONG.  
• THE ASSUMED PPOTOINIONSATION 

PARAMETERS  ARE WRONG.  
• SPS  MODELS  ARE INCOMPLETE.  
• THE WRONG IMF IS  ASSUMED.  
• IT ’S  AN AGN.  



B L U E T I D E S :  [ C I I I ] , C I I I ]  L U M I N O S I T Y  F U N C T I O N

THE [C I I I ] ,C I I I ]  LUMINOSITY  
FUNCTION EVOLVES  STRONGLY 
WITH REDSHIFT  AND THE BRIGHT-
END IS  STRONGLY IS  VERY 
SENSIT IVE TO DUST .

INTRINSIC  AND OBSERVED [C I I I ] ,C I I I ]  
LUMINOSITY FUNCTIONS



B L U E T I D E S :  [ C I I I ] , C I I I ]  L U M I N O S I T Y  F U N C T I O N

THE OBSERVED [C I I I ] ,C I I I ]  
LUMINOSITY  FUNCTION DECLINES 
MORE RAPIDLY  THAN THE FUV 
LUMINOSITY  FUNCTION.  

NOTE :  THE X -SCALES  ARE CHOSEN TO COVER 
THE SAME DYNAMIC RANGE IN  LUMINOSITY  

AND TO NORMALISE  THE CURVES  AT  PHI=-4 .

 [C I I I ] ,C I I I ]  AND FUV LUMINOSITY 
FUNCTIONS



B L U E T I D E S :  [ C I I I ] , C I I I ]  L U M I N O S I T Y  F U N C T I O N

HOWEVER,  THE LUMINOSITY  
FUNCTION IS  VERY SENSIT IVE  TO 
THE ASSUMED IMF AND SPS  MODEL.

[C I I I ] ,C I I I ]  LUMINOSITY FUNCTIONS FOR 
DIFFERENT SPS/ IMF ASSUMPTIONS

THE MODIF IED SALPETER 
IS  DEF INED AS :



BRIEF  AS IDE:  WHAT CAN WE ACTUALLY LEARN 
FROM REST-FRAME UV OBSERVATIONS?



W I L K I N S  E T  A L .  I N  P R E P  
FA I R H U R S T  E T  A L .  I N  P R E P

US ING THE INTERROGATOR  
SED F ITT ING CODE WE HAVE 
INVEST IGATED HOW WELL  
VARIOUS PARAMETERS CAN 
BE CONSTRAINED FROM 
REST-FRAME UV 
OBSERVATIONS .  

W H A T  C A N  W E  L E A R N  F R O M  T H E  U V

INTERROGATOR  COMBINES AN SED 
MODEL ( INCLUDING STARS ,  NEBULAR 
EMISS ION,  DUST,  AND AGN)  WITH AN 
MCMC INFERENCE ENGINE  TO 
DETERMINE THE POSTERIOR ON EACH 
OF THE MODEL PARAMETERS .

INTERROGATOR IS  VERY S IMILAR TO 
BEAGLE AND PROSPECTOR THOUGH HAS 
DIFFERENT OPTIONS FOR THE ASSUMED 
DUST/GAS REPROCESS ING MODEL AND 
SPS  MODEL.



TYPICAL  
CONSTRAINTS  
FROM THE ENTIRE 
REST-FRAME UV 
SED .
ASSUMES WE KNOW THE 
SLOPE OF THE DUST  CURVE,  
LEAVING THIS  AS  A  FREE 
PARAMETER,  EVEN WITH A  
RELATIVELY  CONSERVATIVE  
PR IOR S IGNIF ICANTLY 
REDUCES THE GOODNESS 
OF THE F ITS .   

ALSO ASSUMES NO AGN 
CONTRIBUTION.

W H A T  C A N  W E  L E A R N  F R O M  T H E  U V

SNR( [C I I I ] ,C I I I ] )~20  
LOW SPECTRAL  RESOLUTION.



C O N C L U S I O N S

• THE VERY LARGE BLUETIDES  S IMULATION REPRODUCES THE OBSERVED 
UV LUMINOSITY  FUNCTION THOUGH PREDICTS  THAT MASSIVE  GALAXIES  
ARE HEAVILY  OBSCURED.  

• PREDICTED [C I I I ] ,C I I I ]  EQUIVALENT WIDTHS LARGELY IN  AGREEMENT 
WITH OBSERVATIONS EXCEPT ONE OBJECT.  

• INFERRING PARAMETERS  FROM THE UV ALONE IS  D IFF ICULT.



P A C M A N  M O D E L



B L U E T I D E S :  D U S T  A T T E N U A T I O N
S U B - M M  P R E D I C T I O N S

B E L O W  A R E  S U B - M M  N U M B E R  C O U N T  
P R E D I C T I O N S  F O R  G A L A X I E S  AT  Z > 8  I N  V A R I O U S  
B A N D S  S H O W I N G  R E G I O N S  P R O B E D  B Y  C U R R E N T  
S U R V E Y S .  

• P R E D I C T I O N S  A R E  V E R Y  S E N S I T I V E  T O  T H E  A S S U M E D  
I N F R A R E D  T E M P L AT E .  

• N O  S U R V E Y  S H O U L D  H A V E  S E E N  Z > 8  G A L A X I E S  B U T  A L M A  
C O U L D  I N  T H E  N O T  T O O  D I S TA N T  F U T U R E .  



O T H E R  T H I N G S  I ’ M  W O R K I N G  O N

• JWST PUBL IC  ENGAGEMENT (WHY I ’M HERE TODAY)  
• EVERY OTHER ASPECT OF THE S IMULATION 

• (FLEXIBLE )  SED F ITT ING.



U V  D I A G N O S T I C S :  U V  E M I S S I O N  L I N E S

INTRINS IC  L INE LUMINOSITY  (RELATIVE  TO H-BETA)  PREDICT IONS 
FROM BPASS/CLOUDY

N U V V I S I B L EM U VF U VE U V N I R



U V  D I A G N O S T I C S :  U V  E M I S S I O N  L I N E S

INTRINS IC  L INE LUMINOSITY  (RELATIVE  TO H-BETA)  PREDICT IONS 
FROM BPASS/CLOUDY

N U V V I S I B L EM U VF U VE U V N I R

THIS  DOESN’T  
INCLUDE THE EFFECTS  
OF STELLAR 
ABSORPTION.  IT ’S  
S IMPLY AN 
ILLUSTRATION.



• COMBINATION OF TWO L INES  ( [C I I I ]@~1907  AND CI I I ]@~1909 ) .  

• OFTEN THE SECOND BRIGHTEST  UV L INE (AFTER LYA) .  

• VERY SENSIT IVE  TO METALL IC ITY  (AT  LEAST  ABOVE Z=0 .004 ) .  

• BUT… SENSIT IVE  TO OTHER PROPERTIES  OF THE IONIS ING 
SOURCE /  ISM AS  WELL .  

• ALREADY OBSERVED AT  H IGH-REDSHIFT  (E .G .  STARK ET  AL .  
2015 ,2017 )  

OBSERVATIONS OF [C I I I ] ,C I I I ]  
DOUBLET  IN  A  Z~7.7  LYMAN BREAK 
GALAXY (STARK ET  AL .  2017 ) .  

U V  D I A G N O S T I C S :  [ C I I I ] , C I I I ]


