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Constraining the He abundance 
in the horizontal branch  

of globular clusters 
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We are here !!! 



Izotov+13 

HII regions 

YP = 0.255 ± 0.002 

Izotov+14 

Setting the stage – measuring primordial Y 
SBBN  Y = 0.2477±0.0001 (Ade+13) 

HII regions 

YP = 0.254 ± 0.003 
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Where we can measure He in GCs ? 

Chromospheric line @10830 A 
-   very weak 
-  difficult to model the chromosphere 
-  differential analysis  
    (Pasquini+11,Dupree+11, Dupree+13) 
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Where we can measure He in GCs ? 
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Several photospheric lines 
(i.e. 3819, 4143, 4471, 4922, 5875…) 

~8500 K 
Teff high enough to excite 

the He lines 
Grundahl Jump 

~11000/12000 K 
Radiative levitation +  
gravitational settling 



Where we can measure He in GCs ? 
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~ 7000-11000 K 
Blue Straggler stars 

Radiative levitation 
 and He settling in BSS 
hotter than ~8000 K 



Where we can measure He in GCs ? 
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~ 7000-11000 K 
Blue Straggler stars 

Y=0.001 

Lovisi+12 NGC6397 



Where we can measure He in GCs ? 
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No He lines He settling 



The main difficulties in measuring He 

E&sic requirements 
(1) SNR > 100 to obtain an internal uncertainty smaller than 0.01 
(2) High resolution (R > 15000) 
(3) Accurate photometry to derive the parameters 

Only He lines Teff = 10000 K 
R = 20000 



The main difficulties in measuring He 

E&sic requirements 
(1) SNR > 100 to obtain an internal uncertainty smaller than 0.01 dex 
(2) High resolution (R > 15000)  
(3) Accurate photometry to derive the parameters 

!Teff = 200 K " !Y ~ 0.04  
!logg =   0.1   "  !Y ~ 0.01 
Other parameters (vturb, vsini) are negligible 

Methods to derive Teff and logg 
-  Theoretical ZAHBs 
-  Color-Teff relations (you need precise photometry) 
-  Spectroscopic methods (see Villanova+09,+12) , but 

dangerous (a few Fe lines)  
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The main difficulties in measuring He 

Other issues: 
(1) NLTE corrections (depend on the line and the parameters) 
(2) The HB stars between 9000-12000 K can be fast rotators (up to 50 km/s) 

V sini = 0 km/s 

V sini = 50 km/s 
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He in GC HB stars: a summary 

NGC6397 

M30 

M5 

NGC6752 

M22 

NGC1851 M4 

NGC6723 

NGC2808 



He in GC HB stars: a summary 

NGC6752     0.24±0.01  4 stars (Villanova+09) 
M4               0.29±0.01  6 stars (Villanova+12) 
NGC1851   0.29±0.05  20 stars (Gratton+12) 
M5          0.22±0.03  17 stars (Gratton+13) 
NGC2808   0.34±0.01  17 stars (Marino+14) 
M22         0.34±0.01  29 stars (Gratton+14) 
NGC6723   0.37±0.01   2 stars  (Gratton+15) 
M30           0.252±0.003 24 stars (Mucciarelli+14) 
NGC6397  0.241±0.004 35 stars (Mucciarelli+14) 

Internal error 
("/#Nstars) 

5875 A 

4471A 

High-res spectra  
(FLAMES) 
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He in GC HB stars  

Marino+14 

NGC2808 

NGC6752 

Villanova+09 

Normal Y (~0.24) 

Enriched in Y (~0.34) 

High-SNR spectra 
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He in GC HB stars – NGC6723 

Only 2 stars, both He-enriched 
< Y > = 0.37 !!!! 
 
Large uncertainties, real 
enrichment or false detection? 

Y = 0.36±0.08 

Y = 0.38±0.08 

Caution with these Y values. 
 
New analysis (higher S/N) are needed 
for this cluster 
!

Gratton+15 

Marino+14 
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He in metal-poor GC HB stars – M30 & NGC6397 

<Y>= 0.252±0.003 (24 stars) 

<Y>= 0.241±0.004 (35 stars) 

FLAMES-GIRAFFE spectra  SNR > 100 
He line @ 4471A  

Mucciarelli+14 

Within the internal uncertainties  
(from 0.01 to 0.05)  
Y is homogeneous 



He in metal-poor GC HB stars – M30 & NGC6397 

FLAMES-GIRAFFE spectra  SNR > 100 
He line @ 4471A  

Advantages of  He4471 with respect 
to He5875: 
(1) Stronger 
(2) Less sensitive to the parameters 
(3) Less sensitive to NLTE effects 

Mucciarelli+14 
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Future observative perspectives to measure He in GCs 

Next de-comissioning of FLAMES (2016-2017) 
 
Only UVES available  but: 
-  Single object 
-  Not so efficient. 10 hours of VLT time for V=16 (M5), 2 hours for V=14 

(M4) 

Next advent of ESPRESSO (first light 2016?) 
blue-optical range, high-res (up to 120000), simultaneous use of all the 4 
UTs , single-object 
 
Next advent of HIRES@E-ELT 
 
Use of other facilities (Keck, Subaru …) 
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Summary 

# First He abundances measured in GC HB stars 
 
# A few of them based on high SNR spectra 
 
# We need to re-analyse some GCs with better spectra 
 
# Best strategy: high SNR spectra and simultaneous measure of 

different He lines (in particular 4471 A) 
 
# A single-object future ? 
 

The End 
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