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An empirical ISRF from UV+Optical+NIR SEDs  

3

Muse (VIS)  res~1’’ JWST (NIR+MIR) res~1’’Astrosat (UV)  res~1.5’’ 



An empirical ISRF from UV+Optical+NIR SEDs  

3

Muse (VIS)  res~1’’ JWST (NIR+MIR) res~1’’Astrosat (UV)  res~1.5’’ 

High 
hardness 
of ISRF 

Low 
hardness 
of ISRF 

� = ��������

���� ∝  퐼푆��∗������ ⇒ ISRF change ⇒ ��� change ⇒ estimation of Y(dust) change



An empirical ISRF from UV+Optical+NIR SEDs  

3

Muse (VIS)  res~1’’ JWST (NIR+MIR) res~1’’Astrosat (UV)  res~1.5’’ 

High 
hardness 
of ISRF 

Low 
hardness 
of ISRF 

� = ��������

���� ∝  퐼푆��∗������ ⇒ ISRF change ⇒ ��� change ⇒ estimation of Y(dust) change

Issue : How do the predicted PAH abundances compare to estimate derived assuming the Mathis ISRF ?



External data Internal data

Method: chart overview 
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External data Internal data

Building the empirical ISRFs
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Stellar prediction        
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MUSE Data Analysis released is :
 
• The EMILES SSP templates with different age and metallicity Z
• The best-fitted weight wi of the SSPs 
• Stellar prediction : 퐼�∗,����� =  �

�푠푠������
∗/����
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EMILES SSPs templates <=> BC19s SSPs extanded in UV + IR  :
 
• The EMILES SSPs templates are high spectral resolution, but restricted 

wavelenght coverage
• We replace them with BC19s SSPs templates, which have greater coverage 

in the UV (critical for dust heating) and NIR (critical to correct the stellar 
contribution at these wavelenghts)
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Method : ISRF hardness classification
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• Each pixel of the galaxy has a unique ISRF
• Computing the dust SED grids with DustEMWrap for all the ISRFs is unfeasible
• To reduce the number of ISRFs, we proceed to a classification of ISRFs by their hardness  



• The hardness classification is determined by the slope between 0.15 um and 1 um 
• We attribute an ISRF hardness class to each pixel
• At the end we have 22 representative ISRFs that capture the overall ISRF variations in NGC0628

Classifying the ISRF hardness      
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ISRF class 26

ISRF class 4

ISRF Mathis



Method : Generating grids of ISM dust SEDs 
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Method : Generating grids of ISM dust SEDs 
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Model free parameters  :
• P1 : ISRF intensity G0  
• P2  : PAH neutral, Y(PAH0)
• P3 : PAH ionized, Y(PAH1) 
• P4 : VSG abundance, Y(VSG) 

Example SEDs grid computed for each ISRF class : 



Method : ‘Brute force fitting’ the observed IR SEDs   
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Example of SED fitted at Herschel 160 um resolution (~ 12’’)  :  

Reddened stellar emission :

 퐼�∗,��� =  퐼�∗,����� ∗ 푒��(−�(�))

We account for extinction using the Calzetti et al. 
(2000) prescription : 

��(� −�) =
1

0.4�’(�)
log 

 퐼�,����∗  
 퐼�,���∗  

 

Example SED fit 

perdicted 
dust only 

SED

observed 
dust+stars 

SED 

reddened stellar 
emission

Unreddened 
stellar 

emission
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Calzetti, D., Armus, L., Bohlin, R. C., et al. 2000, ApJ, 533, 682

observed ‘dust 
only’ SED



External data Internal data

Results : Dust and ISRF parameter maps 
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• Abundance of neutral PAHs tends to be lower in regions with high NH than regions with low NH
• Ionization fraction of PAH (Xion) tends to be higher in regions with high NH than regions with low NH
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First results for NGC0628    

Results of SED 
fit including 
JWST and 
Herschel 160 
um (12’’)

Results of SED fit using JWST NIRCAM+MIRI only (1’’)

푙��10(��) 푙��10(����0/����) ����

푙��10(��)

푙��10(����0/����)����



SED fit results JWST + Herschel 160 um (12’’) SED fit results JWST only (1’’)

PAH abundances : true versus Mathis ISRF   

• Softer ISRF => older stars => assuming a Mathis ISRF tends to underestimate the PAH abundances (by up to 50%) 
• Harder ISRF => younger stars => assuming a Mathis ISRF tends to overestimate the PAH abundances  (by up to 75%) 
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% difference = (YG[true ISRF]-YG[Mathis ISRF])/YG[Mathis ISRF]

Softer ISRF Harder ISRF



Summary and Future Work   
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• We construct an empirical dust-heating ISRF at 100pc scales using the PHANGS MUSE data

• We estimate the PAH abundance using DustEM and the local, empirical ISRF for all pixels

• We find a significant, systematic differences between PAH abundances estimated with the true 
ISRF vs the Mathis ISRF

• Using the Mathis ISRF will 

1. overestimate the PAH abundance in regions with hard ISRF (by up to 75% in NGC0628)

2. underestimate the PAH abundance in regions with soft ISRF (by up to 50% in NGC0628)

Next step: Expand application to remaining 10 PHANGS galaxies with suitable 
MUSE+JWST+Herschel data





Back up



Stellar prediction : 퐼�∗,����� =  �
�푠푠������

∗/����

The single stellar populations (SSPs) models :

• What used the MUSE team : EMILES , Age = [0.03,13.5] Gyrs ; 
[Z/Zsol] = [-1.5 , 0.4] ; range = OPT

• What we used : BC19, Age = [0, 14 ] Gyrs ; [Z/Zsol] = [-2.2, 0.6]  ; 
range = UV-OPT-IR 

�� is the weight coefficient of the 푠푠�� at the given 
metallicities ([�/�푠�푙]�) and the age (퐴�푒�)

Stellar emission prediction       

ISRF prediction : 퐼�����,�����
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ISRF prediction : 퐼�����,����� = 퐼�∗,����� ×�

• � is the solid angle. We used Ω=1 sr.
• smoothed at MUSE resolution
• normalized to the observed /MUSE filter image value

ISRF prediction emission      
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Relative differences in pah estimated abundance between our method vs mathis ISRF 

diff= (YPAH[our method]-YPAH[with mathis])/YG[with mathis] :

The relative difference 
is negative in arms and 
positive between arms



IR cooling 
emission

Introduction

Stars

2

ISRF

Interstellar dust 



� = ��������

High 
hardness of 

ISRF 

Low 
hardness 
of ISRF 

���� ∝  �0 ∗ 퐼푆��∗������ ⇒ If ISRF shape or intensity change, ��� change

Why considering ISRF ?
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The ISRF shape is especially important for small grains

extinction from PAHs

extinction from big grains

extinction from VSGs

Total extinction curve

Why considering ISRF shape ?
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Parameters variation :
• P1 : ISRF intensity G0  
• P2 and P3 : PAH abundance Y(PAH) 
• P4 : VSG abundance Y(VSG) 

Parameters P1, P2 ... SEDs 

SED grid modeling 
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SEDs grids computed with an ISRF class: 



We need to smooth all data to the common resolution at the limited filter resolution of Herschel at 160 um
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HERSCHEL ASTROSAT & MUSE 

NGC0628 native resolution SEDs (the PHANGS data)
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However, how we will fit SEDs at better resolution ? 

퐼�(21 ��) � ���� × 퐼푆��×�0

We used the parameters of abundance of VSGs measured at the 
resolution of PACS3 (160 μm) to predicted the parameters of Ypah at 
better resolution

Two assumptions : 

• The dust grain distribution see the same intensity of ISRF beam
• The dust see the same hardness ISRF beam
• The abundance of VSGs remain constant at better resolution   
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Residuals 
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• There is an overestimation between the intensity 
predected SED and the intensity of obseved SED 

• The extinction in ASTROSAT data is underestimated 

• But not correlated with E(B-V) and NH ... 
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Astrosat Muse copt Nircam Herschel 70 um

E(B-V)

diff= (SEDs[predicted]-SEDs[obs])/SEDs[obs]

NHmap

Miri 


