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Astrophysical motivation of the study

BBN predictions & low metallicity stars observations

Helium 3 Helium Lithium Deuterium

The light elements: produced in the early stages of the Universe 

7𝐿𝑖 observed abundance is 3-4 times

lower than expected from BBN 

COSMOLOGICAL Li PROBLEM



Astrophysical motivation of the study

well studied few experiments

(α-beam, 3H target, Ge detectors)
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Reciprocity theorem

*Photons:  2𝑗𝛾 + 1 = 2

The inverse reaction: 

7Li

α

t

𝟕𝑳𝒊 (𝜸, 𝜶) 𝟑𝑯

σ𝜶t→𝐿𝑖γ

σ𝐿𝑖γ→𝜶t
= 0.00125 ∙

Eγ
2

E𝜶t

σ𝜶t→𝐿𝑖γ

σ𝐿𝑖γ→𝜶t
=

2sLi + 1 ∙ 2

2s𝜶 + 1 2st + 1
∙

Eγ
2

c2

2m𝜶tE𝜶t
∙ 1 + δ𝜶t

𝜎𝐵𝑏→𝐴𝑎
𝜎𝐴𝑎→𝐵𝑏

=
(2𝑗𝐴 + 1)(2𝑗𝑎 + 1)

(2𝑗𝐵 + 1)(2𝑗𝑏 + 1)
∙
𝑘𝐴𝑎
2

𝑘𝐵𝑏
2 ∙

1 + 𝛿𝐵𝑏
1 + 𝛿𝐴𝑎

(γ-beam, 7Li target, charged particle detectors)

~
1

80
𝑎𝑡 𝐸𝛾 = 6𝑀𝑒𝑉
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LiF/Mylar

SIDAR

𝑬𝜸: 3.7 – 6.0 MeV

𝑬𝜸: 4.4 - 10.0 MeV

2017 & 2023

Set-up at HIγS

HIγS
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Set-up at HIγS. Target

thermal 

evaporation

of LiF on 

Mylar

135 µg/cm^2 

𝐸𝛾 [𝑀𝑒𝑉] LiF thickness [µg/cm^2 ] INFN [µg/cm^2 ]

3.7 73 ± 4.2 74

4.0 – 4.5 139.3 ± 4.7 131

5.0 – 6.0 193.3 ± 2.9 201

Measured with DSSSDs 

from the α particles 

energy loss

INFN/LNS 

Target 

Lab
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Set-up at HIγS. Beam Intensity

γ-beam

MPAD MOLY

1 2 3 4

Attenuators

100%

efficiency
5 6

100% time coverage 

d

d

d

p p

p p

n

n

ODeSA BL

ODeSA BR

Beam intensity measurement:

• Moly/MPAD 

• Deuterium photodisintegration
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Thickness

𝐴1

𝐴1 + 𝐴2

𝐴1 +⋯+ 𝐴3
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Thickness

No

Attenuation 

Value 𝐼 = 𝐼0 ∙ 𝑒
−𝜇𝑥

Intensity 

measurement 

during 

the run
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n
si

ty
ln

(C
(x

))

x[cm]

Intersection: no attenuation value

Slope: effective attenuation

107 photons/h (5% unc.)
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Set-up at HIγS. Beam Intensity I

𝐸𝛾 = 6.0 𝑀𝑒𝑉
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Set-up at HIγS. Beam Intensity

γ-beam

MPAD MOLY

1 2 3 4
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efficiency
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Beam intensity measurement:

• Moly/MPAD 

• Deuterium photodisintegration
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𝑑 + 𝛾 = 𝑛 + p + 2.2 MeV

𝑰𝜸 =
𝑵

𝒅𝝈
𝒅𝛀

∙ 𝜟𝛀 ∙ 𝜺 ∙ 𝑵𝒅 ∙ 𝒕
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Set-up at HIγS. Beam Intensity II

«High-Precision 

Measurement of D(γ,n),p 

Photodisintegration Reaction 

and Implications for Big-

Bang Nucleosynthesis»

Y. J. Chen et al. 

«The ORNL Deuterated Spectroscopic Array – ODeSA» 

M. Febbraro et al. 

«Photodisintegration cross 

section of deuteron»

M.Odsuren et al. 
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Set-up at HIγS. Beam Intensity

Particle identification trough PSD

10



coincidences
Downstream Upstream

wide 

angular 

range

2 x 6 YY1 SSSSDs

192 channels

16 strips/YY1

α

t
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Set-up at HIγS. Detectors

SIDAR
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α

t
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Data analysis. Sorting algorithm

coincidences
Downstream Upstream

veto with E

opposite det. and 

neighbors

± 3 strips
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Data analysis. Efficency and Simulations

Source measurement: ε𝑔𝑒𝑜𝑚 = 38.66% (4% unc.)

Geometric calculation: ε𝑔𝑒𝑜𝑚 = 38.93%

VIKAR Simulation:     ε𝑔𝑒𝑜𝑚 = 38.01%

VIKAR: Monte Carlo code for complete simulations of two-body reaction experiments,

including broadening and acceptance terms from the beam, target and detectors, including

energy loss, energy and angular straggling, and detector segmentation and resolution effects

VIKAR SIMULATION:

• Real geometry of the set-up was implemented

• Dead strips and tresholds were taken in account

• Each strip was treated as an individual detector



LOOSE CUT

STRICT CUT
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Data analysis. Bg Subtraction at 6.0 MeV
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EXPERIMENT

EXPERIMENT

VIKAR

VIKARVIKAR ISOTROPIC (coinc.)
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Data analysis. Data analysis. Bg Subtraction at 6.0 MeV
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The NOMINAL CUT was chosen based on agreement with the simulation



LOOSE CUT

STRICT CUT
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Data analysis. Bg Subtraction at 3.7 MeV
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The NOMINAL CUT was chosen based on agreement with the simulation

VIKAR

VIKAREXPERIMENT

EXPERIMENT
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Data analysis. Bg Subtraction at 3.7 MeV
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VIKAR ISOTROPIC (no coinc.)

VIKAR ISOTROPIC (coinc.)

RAW ANG. DISTRIB.

CORRECTED ANG. DISTRIB.

cos (θ)

cos (θ)

cos (θ)

cos (θ)
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Data analysis. Angular Distrib at 6.0 MeV
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RAW ANG. DISTRIB.

CORRECTED ANG. DISTRIB.

cos (θ)

cos (θ)

cos (θ)

cos (θ)

VIKAR ISOTROPIC (no coinc.)

cos (θ)

cos (θ)
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Data analysis. Angular Distrib at 3.7 MeV

VIKAR ISOTROPIC (coinc.)
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cos (θ)

𝑑
𝜎

𝑑
Ω

𝑚
𝑏

𝑠𝑟

𝑑
𝜎

𝑑
Ω

𝑚
𝑏

𝑠𝑟 𝜎 = 0.591 ± 0.047 mb

σ = 0.421 ± 0.044 mb

σ = 0.319 ± 0.045 mb

σ = 0.145 ± 0.033 mb

𝜎𝑖𝑠𝑜 = 0.574 ± 0.035 mb

σiso = 0.469 ± 0.032 mb

σiso = 0.435 ± 0.035 mb

𝜎 = 0.195 ± 0.029 mb

𝜎𝑖𝑠𝑜 = 0.352 ± 0.027 mb

σiso = 0.283 ± 0.029 mb

cos (θ)

𝐸𝛾 = 3.7 𝑀𝑒𝑉 𝐸𝛾 = 3.7 𝑀𝑒𝑉

𝐸𝛾 = 4.0 𝑀𝑒𝑉𝐸𝛾 = 4.0 𝑀𝑒𝑉

𝐸𝛾 = 4.5 𝑀𝑒𝑉 𝐸𝛾 = 4.5 𝑀𝑒𝑉

𝐸𝛾 = 5.0 𝑀𝑒𝑉 𝐸𝛾 = 5.0 𝑀𝑒𝑉

𝐸𝛾 = 6.0 𝑀𝑒𝑉𝐸𝛾 = 6.0 𝑀𝑒𝑉

Data analysis. Differential Cross Section

Fit: P0+P1+P2+P3
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Data analysis. 𝟕𝑳𝒊(𝜸, 𝜶) 𝟑𝑯 cross section 

21



Nuclear Physics in Astrophysics XII / 07.09.2026  

Data analysis. 𝟑𝑯(𝜶, 𝜸) 𝟕𝑳𝒊 cross section 
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Data analysis. Astrophysical S-factor
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2026:

• 114𝑆𝑛 γ, 𝑝 and 114𝑆𝑛 γ, 𝛼

• 117𝑆𝑛 γ, 𝑝 and 117𝑆𝑛 γ, 𝛼

• 24𝑀𝑔 γ, 𝛼 20𝑁𝑒

2023:

• 102𝑃𝑑 γ, 𝑝 and 102𝑃𝑑 γ, 𝛼 - published (K.A. Chipps et al.

• Phys. Rev. C 114 (2026))

• 112𝑆𝑛 γ, 𝑝 and 112𝑆𝑛 γ, 𝛼 - T. Petruse (Tuesday)

27

Analysis 

in

progress
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Photonuclear studies at HiγS
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Conclusions

• The 3𝐻 𝛼 𝛾 7Li reaction was studied directly in 1994 (Brune) and through the inverse 

reaction in 2017 (Munch). 

• The preliminary results of this work were consistent with both previous measurements. 

• The angular distributions reveal strong anisotropy at low energies

• The results of this work remain in agreement with the 2017 results, but no longer agree

with the 1994 results.
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Thank you for attention!
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