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Cosmic concordance
    → Connection to cosmology and astrophysics

Catching Up with Cosmology and Astronomy 

→ 2H(2H,p)3H and 2H(2H,n)3He at the DT generator of TU Dresden 

The Big Bang Nucleosynthesis
→ Nuclear astrophysics during the first minutes of our universe
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Nucleosynthesis processes
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Nucleosynthesis processes

A. Tumino & R. Depalo

Hydrostatic stellar burning

R. Reifarth, J. Glorius & A. Tsantiri

p-, v-, rp-process

C. Lederer-Woods

s-process

G. Martnez-Pinedo & N. Vassh

r- & i-process

E. Masha & this talk

BBN & Cosmology
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The birth of the nucleons (E ~ 150MeV)

➢ Protons and neutrons condense from QGP

What information do we need for BBN?

➢ What do we start with? 
• t≪1s: Neutron to proton ratio n/p = 1
•  Weak interaction preserves equilibrium  

Big Bang Nucleosynthesis
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The birth of the nucleons (E ~ 150MeV)

➢ Protons and neutrons condense from QGP

What information do we need for BBN?

➢ What do we start with? 
• t≪1s: Neutron to proton ratio n/p = 1
•  Weak interaction preserves equilibrium  

Big Bang Nucleosynthesis

Adapted from: M. Pospelov, J. Pradler Ann. Rev. Nucl. Part. Sc. 60 539 (2010)
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Big Bang Nucleosynthesis

The birth of the nucleons (E ~ 150MeV)

➢ Protons and neutrons condense from QGP

What information do we need for BBN?

➢ What do we start with? 
• t≪1s: Neutron to proton ratio n/p = 1
•  Weak interaction preserves equilibrium  

➢ Does this change over time?
•  Mass ratio leads to deviations
       At ~2s: n/p freeze-out with n/p ~ 1/6

•  Neutron life time is crucial
       Until 270s: n/p ratio mainly influenced by T1/2(n)
       At this point: n/p ~ 1/7

Adapted from: M. Pospelov, J. Pradler Ann. Rev. Nucl. Part. Sc. 60 539 (2010)

➢ What is creating new elements?
•  Reaction cross sections

➢ What can potentially dissociate elements?
•  Baryon/Photon ratio  
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Big Bang Nucleosynthesis

The birth of the nucleons (E ~ 150MeV)

➢ Protons and neutrons condense from QGP

What information do we need for BBN?

➢ What do we start with? 
• t≪1s: Neutron to proton ratio n/p = 1
•  Weak interaction preserves equilibrium  

➢ Does this change over time?
•  Mass ratio leads to deviations
       At ~2s: n/p freeze-out with n/p ~ 1/6

•  Neutron life time is crucial
       Until 270s: n/p ratio mainly influenced by T1/2(n)
       At this point: n/p ~ 1/7

➢ What is creating new elements?
•  Reaction cross sections

➢ What can potentially dissociate elements?
•  Baryon/Photon ratio  

Adapted from: M. Pospelov, J. Pradler Ann. Rev. Nucl. Part. Sc. 60 539 (2010)
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Cosmic concordance
    → Connection to cosmology and astrophysics

The Big Bang Nucleosynthesis
→ Nuclear astrophysics during the first minutes of our universe

Catching Up with Cosmology and Astronomy 

→ 2H(2H,p)3H and 2H(2H,n)3He at the DT generator of TU Dresden 
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Adapted from: M. Pospelov, J. Pradler Ann. Rev. Nucl. Part. Sc. 60 539 (2010) Adapted from: P. A. Zyla et al. , PDG: Astrophysics and Cosmology, 
Prog. Theor. Exp. Phys. 2020, 083C01 (2020).
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The cosmic concordance until 2020
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Finetuning the primordial deuterium abundance

Ωbh² = 0.002242 Ωbh² = 0.02242 Ωbh² = 0.2242
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→ Nuclear astrophysics during the first minutes of our universe
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Reaction d(d,n)3He d(d,p)3H d(p,γ)3He 3He(d,p)4He p(n,γ)d 3He(n,p)t

Contrib. to 

D/H unc.
61% 27% 12% < 0.05% < 0.05% < 0.05%

Nuclear physics is still lacking behind?

Adapted from: P. A. Zyla et al. , PDG: Astrophysics and Cosmology, 
Prog. Theor. Exp. Phys. 2020, 083C01 (2020).

    

    

    

    

    

    

    

    

 

         
       

     

    

 

    

   
                          

                       

 
  
  

 
 
  
  

 
  
  
 

 

Tsung-Han Yeh et al., JCAP03, 046 (2021)

NUCLEAR PHYSICS in Astrophysics XII
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The d(d,p)3H & d(d,n)3He reactions
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The d(d,p)3H & d(d,n)3He reactions

➢ New data set from Sun et al. In 2026

• Acta Phys. Sin. Vol. 75, No. 9 (2026) 090103

• 6 new data points for d(d,p)

• 5 new data points for d(d,n)

• Legendre coefficients for A0, A2 & A4
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The d(d,p)3H & d(d,n)3He reactions

➢ New data set from Sun et al. In 2026

• Acta Phys. Sin. Vol. 75, No. 9 (2026) 090103

• 6 new data points for d(d,p)

• 5 new data points for d(d,n)

• Legendre coefficients for A0, A2 & A4

➢ Astrophysical impact under investigation

• Master student: Vincent Schulz (Felsenkeller)

• Bayesian analysis with theory from Viviani et al. (2023)
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The DT neutron generator of TU Dresden

Berlin

Dresden

3m underground

9
m

➢ Located in Dresden (Germany)

• Operated by: Institute for Nuclear and Particle Physics of TU Dresden

• Located at: Helmholtz-Zentrum Dresden-Rossendorf

NPA-XI 

(2024)
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Duoplasmatron + Cockcroft-Walton HV

➢ Extraction of intense 1H and 2H beams up to 10 mA

➢ Elab = 10 - 350 keV

➢ Main purpose: 

➢ Fusion research & neutron activation analysis

➢ Up to 1012 neutrons per second via 2H(3H,n)4He

Until March 2026

Astro beam line finished in June 2026

The DT neutron generator of TU Dresden
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Current status of d(d,p)3H & d(d,n)3He at the DT

✓ Accelerator is characterized

✓ New, dedicated beamline is commishioned

✓ Preliminary setup with planar Si detector under fixed angle

✓ First tests using transmissive targets promising

✓ No significant degradation within hours of irradiation

20mm target

Max Osswald (PhD student)
Frederik Uhlemann (Master student)
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Bringing expertise together

Current issue of BBN

➢ d(d,p)3H & d(d,n)3He are limiting our understanding of BBN & baryon density

Our aim

➢ Measurement of both reactions within Elab = 10 - 350 keV

➢ Precision data set for cross section and angular distribution 

Combination of

➢ DT neutron generator of TU Dresden

➢ The ELISSA array

The ELISSA array

• Collaboration of ELI-NP & INFN-LNS Catania

• 4π double-sided silicon strip detector array

Radiation resistance of various materials and system components 
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Summary and outlook

    

    

    

    

    

    

    

    

 

         
       

     

    

 

    

   
                          

                       

 
  
  

 
 
  
  

 
  
  
 

 

➢ BBN is an active field which enables multidisciplinary cross checks

➢ Determination of ηB is stunning success for the alignment of 

cosmology, astronomy, theoretical physics & nuclear astrophysics

➢ Take home message: Nuclear astrophysics is awesome!

➢ However…

Adapted from: P. A. Zyla et al. , PDG: Astrophysics and Cosmology, 
Prog. Theor. Exp. Phys. 2020, 083C01 (2020).

cosmology, theoretical physics nuclear astrophysicsastronomy,
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➢ BBN is an active field which enables multidisciplinary cross checks

➢ Determination of ηB is stunning success for the alignment of 

cosmology, astronomy, theoretical physics & nuclear astrophysics

➢ Take home message: Nuclear astrophysics is awesome!

➢ However…

There are two groups of measurements of primordial Yp 

which (in the best case) disagree at the 2.5-σ level […] 

It is clear that better measurement of pristine abundance 

of 4He and a reduction of systematic effects on Yp would 

be of great impact in the future in this respect.

O. Pisanti et al JCAP04(2021)020Adapted from: P. A. Zyla et al. , PDG: Astrophysics and Cosmology, 
Prog. Theor. Exp. Phys. 2020, 083C01 (2020).

Alternatively, high-resolution optical 

spectrographs on the next generation of 30-m 

class telescopes will increase the number of 

accessible quasars and automatically the 

number of targets suitable for measuring D/H. 

C. Pitrou et al. MNRAS 502, 2474–2481 (2021) 

The BBN predicted Li abundance is 

systematically higher than the Li 

abundance observed in the 

atmospheres of halo dwarf stars, but 

there is mounting evidence that 

effects of stellar depletion cannot be 

ignored so that the stellar abundances 

of Li may not correspond to the 

primordial abundance

K. A. Olive et al., PDG Section 22: 
Big-Bang Cosmology 2024
 In: Phys. Rev. D 110, 030001 (2024)

cosmology, theoretical physics nuclear astrophysicsastronomy,

Finally, of course the lithium problem 

continues to awaits a firm solution.

T.-H. Yeh et al JCAP03(2021)04600
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➢ BBN is an active field which enables multidisciplinary cross checks

➢ Determination of ηB is stunning success for the alignment of 

cosmology, astronomy, theoretical physics & nuclear astrophysics

➢ Take home message: Nuclear astrophysics is awesome!

➢ However… We urge new, precise 

measurements of the 

d(d,n) and d(d,p) 

reactions in the BBN 

energy range.

T.-H. Yeh et al JCAP03(2021)04600

At this time, the most important 

remaining source of uncertainty in 

the predicted primordial D/H value 

is  […] the rate uncertainties of the 

D(d,n)3He and D(d,p)3H reactions. 

Moscoso et al., Tsung-Han Yeh et al,
The Astrophysical Journal, 923:49 (2021)

There are two groups of measurements of primordial Yp 

which (in the best case) disagree at the 2.5-σ level […] 

It is clear that better measurement of pristine abundance 

of 4He and a reduction of systematic effects on Yp would 

be of great impact in the future in this respect.

O. Pisanti et al JCAP04(2021)020Adapted from: P. A. Zyla et al. , PDG: Astrophysics and Cosmology, 
Prog. Theor. Exp. Phys. 2020, 083C01 (2020).

Alternatively, high-resolution optical 

spectrographs on the next generation of 30-m 

class telescopes will increase the number of 

accessible quasars and automatically the 

number of targets suitable for measuring D/H. 

C. Pitrou et al. MNRAS 502, 2474–2481 (2021) 

The BBN predicted Li abundance is 

systematically higher than the Li 

abundance observed in the 

atmospheres of halo dwarf stars, but 

there is mounting evidence that 

effects of stellar depletion cannot be 

ignored so that the stellar abundances 

of Li may not correspond to the 

primordial abundance

K. A. Olive et al., PDG Section 22: 
Big-Bang Cosmology 2024
 In: Phys. Rev. D 110, 030001 (2024)

The D(D,n)3He and D(D,p)3H reactions now not only 

dominate the uncertainty budget, but they can give 

significantly different D/H predictions depending on 

whether one uses just the empirical determination of the 

cross sections, or also uses theory to guide the functional 

form. Clearly, more experimental data is needed.

Brian D. Fields et al., PDG Section 24: Big-Bang Nucleosynthesis 2023
 In: Phys. Rev. D 110, 030001 (2024)

cosmology, theoretical physicsastronomy,

In the case of deuterium, abundance determinations from quasar 
absorption systems are at the ∼ 1% level, a factor of 3 better than 

theory. On the theory side there is clearly room for improvement 

with new measurements of the d(d,p) and d(d,n) cross-section

T.-H. Yeh et al., arXiv:2601.22239 (2026)

Finally, of course the lithium problem 

continues to awaits a firm solution.

T.-H. Yeh et al JCAP03(2021)04600
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➢ BBN is an active field which enables multidisciplinary cross checks

➢ Determination of ηB is stunning success for the alignment of 

cosmology, astronomy, theoretical physics & nuclear astrophysics

➢ Take home message: Nuclear astrophysics is awesome!

➢ However… We urge new, precise 

measurements of the 

d(d,n) and d(d,p) 

reactions in the BBN 

energy range.

T.-H. Yeh et al JCAP03(2021)04600

At this time, the most important 

remaining source of uncertainty in 

the predicted primordial D/H value 

is  […] the rate uncertainties of the 

D(d,n)3He and D(d,p)3H reactions. 

Moscoso et al., Tsung-Han Yeh et al,
The Astrophysical Journal, 923:49 (2021)

Finally, of course the lithium problem 

continues to awaits a firm solution.

T.-H. Yeh et al JCAP03(2021)04600

We think that a closer collaboration among different 

groups in assessing a common understanding and 

quantifying the theoretical primordial D/H 

uncertainty would be quite important and desirable.

There are two groups of measurements of primordial Yp 

which (in the best case) disagree at the 2.5-σ level […] 

It is clear that better measurement of pristine abundance 

of 4He and a reduction of systematic effects on Yp would 

be of great impact in the future in this respect.

O. Pisanti et al JCAP04(2021)020

O. Pisanti et al JCAP04(2021)020

Just read the entire summary!

Free interpretation: We need to urge 

for correctness, not precision

C. Pitrou et al. MNRAS 502, 2474–2481 (2021) 

Adapted from: P. A. Zyla et al. , PDG: Astrophysics and Cosmology, 
Prog. Theor. Exp. Phys. 2020, 083C01 (2020).

Alternatively, high-resolution optical 

spectrographs on the next generation of 30-m 

class telescopes will increase the number of 

accessible quasars and automatically the 

number of targets suitable for measuring D/H. 

C. Pitrou et al. MNRAS 502, 2474–2481 (2021) 

The BBN predicted Li abundance is 

systematically higher than the Li 

abundance observed in the 

atmospheres of halo dwarf stars, but 

there is mounting evidence that 

effects of stellar depletion cannot be 

ignored so that the stellar abundances 

of Li may not correspond to the 

primordial abundance

K. A. Olive et al., PDG Section 22: 
Big-Bang Cosmology 2024
 In: Phys. Rev. D 110, 030001 (2024)

The D(D,n)3He and D(D,p)3H reactions now not only 

dominate the uncertainty budget, but they can give 

significantly different D/H predictions depending on 

whether one uses just the empirical determination of the 

cross sections, or also uses theory to guide the functional 

form. Clearly, more experimental data is needed.

Brian D. Fields et al., PDG Section 24: Big-Bang Nucleosynthesis 2023
 In: Phys. Rev. D 110, 030001 (2024)

cosmology, theoretical physicsastronomy,

In the case of deuterium, abundance determinations from quasar 
absorption systems are at the ∼ 1% level, a factor of 3 better than 

theory. On the theory side there is clearly room for improvement 

with new measurements of the d(d,p) and d(d,n) cross-section

T.-H. Yeh et al., arXiv:2601.22239 (2026)
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