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Cosmic-Rays set the stage for star formation

chemistry heating Coupling to B fields

Ionization (primary + secondary)



the CR ionization rate (s-1) 



Indirect observations: 

astrochemistry in interstellar clouds

Uncertainty: 

-chemical models

- n

- observational

credit: Marco Padovani

What is the CR ionization rate 𝜁 ? 

Neufeld & Wolfiire (2017) 

Bialy et al. (2019)

credit: Marco Padovani



The idea

Use H2 excitation 

to probe cosmic-rays

H2 energy level diagram

Gredel & Dalgarno 1995

Bialy 2020



The idea

Cosmic-rays

Bialy (2020, Nature Com. Phys. 3 32)

CRs excite mainly:
v=1, J=0 

and

v=1, J=2

giving rise to 4 transitions

with known line ratios

Line intensity ~ 𝜁

Bialy 2020

CR excitation



Unique Emission patterns

CR excitation UV excitation

Bialy 2020



Observations



Observing CR-excited H2 – from the ground

MMT 6.5m Arizona

Atmosphere is too noisy

No detection

Upper limits on 𝜁 = 2 x 10-16  s-1 



Observing CR-excited H2 with JWST



Observing CR-excited H2 with JWST



Observing CR-excited H2 with JWST



Observing CR-excited H2 with JWST

Integration over 10 shutters with JWST’s NIRSpec 

instrument, 1.3 hrs

Barnard 68

8 hour program

JWST

Barnard 68



First detection of CR-excited H2

Bialy et al. (2026)



First detection of CR-excited H2

Bialy et al. (2026)

B68



First detection of CR-excited H2

Bialy et al. (2026)

B68



First detection of CR-excited H2

Bialy et al. (2026)

Barnard 68



First direct observation of CR attenuation

Bialy et al. (2026)

Off-field observation

Neufeld et al (2026)



First detection of CR-excited H2

Neufeld et al. (2026)



The Future with Webb

NEW! 

 The Taurus survey

 48 hour program

 Observations have arrived!



Summary

Star formation

CR physics
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