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What is so special about HeII??? 
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and in more moderate systems… 
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He +  i on i s ing  pho tons  can  be  produced  v i a  
mul t i p l e  mechan i sms ,  so  some  so lu t i ons  i n c lude :

• Decrease Z/mass threshold to produce W-R stars 

• Include contribution from X-Ray Binaries 

• Increase N of Young massive stars  

• Consider contributions from Shocks and AGN

Binaries 

XRB population 
synthesis

IMF variations

VMS

Sub-dominant 
AGN



Tes t ing  t hese  mode l s  and  prov id ing  cons t ra in t s  
r equ i r es  He I I  emi t t e r s  i n  a  va r i e t y  o f  cond i t i ons  

P.1©MUSE consor t ium



Part I: Sample Construction 



We  use  mul t i p l e  GTO  po in t i ngs  wi th  deep  exposures  
t o  i den t i f y  any  He I Iλ 1 6 4 0  emi t t e r s
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Part II: Analysis
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Cons i de r i ng  e f f e c t s  
o f  b i n a r y  s t a r s  
i n t r oduces  added  
comp l e x i t y  t o  t he  l i n e  
r a t i o  d i agnos t i c s .  

Models  f rom BPASSv2 .0  
X iao+2018 
note :   
-  du s t  effect s  not  cons i dered 
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Th i s  i s  in contra s t  to re lat ive ly  h ig her  metall i c i t i e s  
infer red by l ine rat io d iagnos t i c s  



We l a c k  a  comp rehens i v e  unde r s t and i ng  o f  s t e l l a r  s pec t r a  i n  t he  FUV  
wh i c h  may  con t r i b u t e  t o  l a c k  i n  mechan i sms  p r oduc i ng  o f  

E pho ton>54eV  
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©Stanway & Eldr i dge (2019)

The  l a ck  o f  hard  i on i s ing  pho tons  i s  
common  f o r  most  s te l l a r  popu la t i on  mode l s



Part III: Where are the missing photons?



Is it variations in the IMF?
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Is it variations in the IMF?
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In t he context  of 
BPASS  even 
var iat ions in t he 
IMF has shown to 
NOT be suff i c ient  
to compensate for 
t he mis s ing p hotons 
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Is it very massive stars at Eddington limit?
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Is it very massive stars at Eddington limit?
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Is it very massive stars at Eddington limit?
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Is it very massive stars at Eddington limit?
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Cons i der ing t he evo lut ion of t he se s tars  w i t h in 
t he s te llar  popu lat ion models  i s  nece s sar y 



Is it contributions from X-ray Binaries?
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BPASS  only 

BPASS  + X-ray 
b inar ie s



Is it contributions from X-ray Binaries?
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BPASS  only 

BPASS  + X-ray 
b inar ie s

Some low age 
effect ?



How can we provide observational 
constraints?

D e e p  h i g h  S / N  d a t a  f o r  s i m u l t a n e o u s  r e s t - U V  
e m i s s i o n  a n d  a b s o r p t i o n  a n a l y s i s .  
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MUSE HFF program

©Wisotzki et al. ©Wisotzki et al.
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MUSE HFF program
200h prog ram w i t h  4 HFF paralle l  f ie ld s . 
Each f ie ld :  

• Deep :  1 `x1 `  25h po int ing 
• Med ium: 2 `x2 `  5h po int ing s 
• shallow :  3 `x3 `  1.7h  po int ing s 

©Wisotzki et al. ©Wisotzki et al.
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How can we provide observational 
constraints?

D e e p  h i g h  S / N  d a t a  f o r  s i m u l t a n e o u s  r e s t - U V  
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Deep  MUSE  
po in t i ngs :  

• MXDF  ~ 1 6 0hs ing l e  
UDF  po in t i ng  

• HFF  para l l e l s

S t a ck ing  MUSE  UDF  
( 3 0h )  +  MUSE  WIDE  

( 1 0h * 9 )  +  seve ra l  ~ 1 0  
o the r  GTO  
po in t i ngs



Testing stellar population models

I n c l u d e  X - r a y  b i n a r y  s p e c t r a ,  V M S  e v o l u t i o n  m o d e l s  i n  S S P s  
a n d  i n v e s t i g a t e  o b s e r v e d  c o r r e l a t i o n s  w i t h  g a l a x y  p r o p e r t i e s  

I n v e s t i g a t e  t h e  v a r i a t i o n s  i n  t h e  I M F  a l o n g  w i t h  
o t h e r  c h a n g e s  

I n c l u d e  r e a l i s t i c  d u s t  m o d e l s  a n d  i n v e s t i g a t e  h o w  e x t r a  
i o n i s i n g  p h o t o n s  e f f e c t s  o b s e r v e d  e m i s s i o n  l i n e  r a t i o s



CONCLUS IONS
• We compose a catalogue with ≈13 HeII1640 detections from MUSE (and ≈20 tentative detections from 
other public surveys).  

• Using Gutkin et al., (2016) models we show our observed emission line ratios can be reproduced via 
high-U sub-solar Z models. 

• Including effects of binaries from Xiao et al., (2018) models makes the model parameters 
degenerate. 

• We show even BPASS models are unable to reproduce the observed HeIIλ1640 and OIII]λ1666 equivalent 
widths. 

• We show that matching HeIIλ1640 luminosities with BPASS models require ~1/200 Z☉ models which 
are in tension with gas phase metallicities inferred via line-ratio diagnostics. 

• IMFs with larger fractions of high mass stars (top heavy) or exotic stellar population mechanisms 
such as XRBs or very massive WNh stars that can produce photons at wavelength < 275 Å with 
relatively low wind effects are required to match our observed data with models. 

arXiv:1902.05960


