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Big Bang Nucleosynthesis (BBN) → predicts the abundances of the light elements (produced in the early stages of the Universe)

“Cosmological Li problem”:

The measured 𝟕𝑳𝒊 abundance is 3-4 times lower than expected  Observations on the low-metallicity stars

MOTIVATION OF THE EXPERIMENT

The error can be related to 

the WMAP baryonic density 

Lower value → higher effect of 

the 3𝐻(𝛼, 𝛾) 7𝐿𝑖 reaction. 

- The stellar measurements are leading to anomalous results

OR

- An error is present in the nuclear theoretical models



Two main reactions are responsible  for the production of mass 7 elements:

→ Due to restricted use & health/safety, an experiment with a 

tritium target cannot be performed anymore 

𝟑𝑯(𝜶, 𝜸) 𝟕𝑳𝒊𝟑𝑯𝒆(𝜶, 𝜸) 𝟕𝑩𝒆

FMD (fully microscopic fermionic molecular dynamics approach) doesn’t fit the experimental data for 3𝐻(𝛼, 𝛾) 7𝐿𝑖

→
3𝐻(𝛼, 𝛾) 7𝐿𝑖 : only a few experiments were performed

However, the 𝟑𝑯(𝜶, 𝜸) 𝟕𝑳𝒊 reaction can still be studied by its INVERSE REACTION

from Neff et al, PRL 106, 042502 (2011) 



Reciprocity Theorem:

𝜎𝐵𝑏→𝐴𝑎
𝜎𝐴𝑎→𝐵𝑏

=
(2𝑗𝐴 + 1)(2𝑗𝑎 + 1)𝑘𝐴𝑎

2 (1 + 𝛿𝐵𝑏)

(2𝑗𝐵 + 1)(2𝑗𝑏 + 1)𝑘𝐵𝑏
2 (1 + 𝛿𝐴𝑎)

*Photons:  2𝑗𝛾 + 1 = 2Direct reaction 

Inverse reaction 

𝟕𝑳𝒊(𝜸, 𝒕) 𝟒𝑯𝒆

Lithium photodisintegration:

k ≈ 60

𝟑𝑯(𝜶, 𝜸) 𝟕𝑳𝒊 Direct reaction 

Inverse reaction 

𝝈𝑩𝒃→𝑨𝒂= 𝒌 ∙ 𝝈𝑨𝒂→𝑩𝒃⇒

7Li
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Set-up at HIγS

High Intensity

γ Source

Energy:

1 MeV -100 MeV
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Silicon Detector Array

LiF/Mylar



SIDAR

7Li

t

coincidences

α

γ - beam

Upstream

2 x 6 YY1 

(16 strips)

192 channels

Silicon

Detector

Array

covers a wide angular range

Efficiency ~ 38.66%  

6Downstream



IMPROVEMENTS

1.  ARRAY OF THINNER Si DETECTORS: 100&65µm

2.  THINNER ENTRY FLANGE 

3. REDUCED ELECTRON DENSITY IN THE FLANGE

(Al instead of stainless steel)

4.  LONGER VACUUM PIPE (in front of the chamber)

The coincidences have been

clearly separated even for the 

lowest energy

The background has been 

highly reduced

The old experiment:

2017

4.4 MeV - 10 MeV

The new experiment:

6th April 2023-12th April 2023

3.7 MeV - 6 MeV

𝟕𝑳𝒊 𝜸, 𝒕 𝟒𝑯𝒆

energies above 6 MeV/thinner detectors  
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𝐄𝛄 = 𝟔𝐌𝐞𝐕 𝐄𝛄 = 𝟓𝐌𝐞𝐕
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Energy – Upstream [MeV]

𝐄𝛄 = 𝟑. 𝟕 𝐌𝐞𝐕

PRELIMINARY RESULTS
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σ =
𝑅

𝑁𝑏𝑒𝑎𝑚 ∙ 𝑁𝑡𝑎𝑟𝑔𝑒𝑡∙ 𝜀

The ground state cross-section of the

inverse 𝟕𝑳𝒊(𝜸, 𝜶) 𝟑𝑯𝒆 reaction

𝑁𝑏= 𝐼 ∙ 𝑡

𝑤ℎ𝑒𝑟𝑒 𝐼~107 𝑠−1
𝑁𝑡~10

18

Number of 

coincidences

PRELIMINARY RESULTS
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Quantity Uncertainty

Events no ~  5-18 %

Intensity ~  10%

Li-7 atoms no ~  1%

Efficiency ~  1%



𝜎 𝟕𝑳𝒊𝜸→𝜶𝒕

𝜎𝜶𝒕→𝟕𝑳𝒊𝜸
=
(2𝑗𝛼 + 1)(2𝑗𝑡 + 1)

2 ∙ (2𝑗𝐿𝑖 + 1)
∙
2 ∙ 𝑚𝛼𝑡 ∙ 𝐸𝛼𝑡 ∙ 𝑐

2

𝐸𝛾
2 ∙

1

1 + 𝛿𝛼𝑡
=
1

4
∙
2 ∙ 𝑚𝛼𝑡 ∙ 𝐸𝛼𝑡 ∙ 𝑐

2

𝐸𝛾
2

𝐸𝛼𝑡= 𝐸𝛾 − 𝑄𝜶𝒕→𝟕𝑳𝒊𝜸

𝑄𝜶𝒕→𝟕𝑳𝒊𝜸= 1.397 𝑀𝑒𝑉

The ground state cross-section of the direct 𝟑𝑯(𝜶, 𝜸) 𝟕𝑳𝒊 reaction

PRELIMINARY

RESULTS

Ground state  ⇒ 𝑗 = 𝑠

Photons ⇒ 2𝑗 + 1 = 2

PRELIMINARY

RESULTS



𝑆𝜶𝒕→𝟕𝑳𝒊𝜸 𝐸 = 𝑒2𝜋η ∙ 𝐸 ∙ 𝜎𝜶𝒕→𝟕𝑳𝒊𝜸 𝐸

0.989534 ∙ 𝑍𝜶𝑍𝑡
1

𝐸
∙
𝑀𝜶𝑀𝑡

𝑀𝜶 +𝑀𝑡

Measurement of the 7𝐿𝑖(𝛾, 𝑡) 4𝐻𝑒 ground-state cross section

between 𝐸𝛾= 4.4 and 10 MeV, M. Munch, C. Matei, S.D.

Pain, K.A. Chipps, et al. , Phys. Rev. C 101, 055801 (2020)

Astrophysical 𝐒 − 𝐟𝐚𝐜𝐭𝐨𝐫

PRELIMINARY RESULTS



𝑆𝜶𝒕→𝟕𝑳𝒊𝜸 𝐸 = 𝑒2𝜋η ∙ 𝐸 ∙ 𝜎𝜶𝒕→𝟕𝑳𝒊𝜸 𝐸

0.989534 ∙ 𝑍𝜶𝑍𝑡
1

𝐸
∙
𝑀𝜶𝑀𝑡

𝑀𝜶 +𝑀𝑡

Measurement of the 7𝐿𝑖(𝛾, 𝑡) 4𝐻𝑒 ground-state cross section

between 𝐸𝛾= 4.4 and 10 MeV, M. Munch, C. Matei, S.D.

Pain, K.A. Chipps, et al. , Phys. Rev. C 101, 055801 (2020)

Astrophysical 𝐒 − 𝐟𝐚𝐜𝐭𝐨𝐫

PRELIMINARY RESULTS

PRELIMINARY



▪ The reaction 𝟑𝑯(𝜶, 𝜸) 𝟕𝑳𝒊 contributes to the production of 𝟕𝑳𝒊 in Universe and it’s measurement is important 

due to the discrepancy between the theoretical models and the experimental data. 

▪ The direct reaction was studied in 1994 by Brune et al for gamma rays energies below 3.7 MeV, but such a 

measurement cannot be performed anymore.

▪ The inverse reaction has been studied in 2017 by our team at HIgS for gamma beam energies between 4.4 and 10 

MeV using a Silicon Detector Array. Below 6 MeV the coincidences were clearly observed only in the thinner 

detectors.

▪ A new experiment was performed in April 2023 to cover the gap between 3.7 and 6 MeV. The set-up was 

improved by using an array of thinner silicon detectors, by decreasing the thickness and the electron density of the 

entry flange and by using a longer pipe.

✓ The coincidences have been clearly separated and the background has been highly reduced, affecting only the 

lowest energy. Data analysis underway. The preliminary ground state cross-section and the s-factor have been 

successfully extracted.

CONCLUSIONS…
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Set-up at HIγS

Vacuum chamber for charged-particle 

detection

Beam diagnosticsMounting detectors
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HIγS

Laboratory

of

Duke

University

(USA),

2017

The 

coincidences 

were

clearly 

separated for

energies 

higher than 6 

MeV 

Coincidences 

corresponding 

to 4.4 MeV 

gamma beam 

were observed 

only in the 

thinner 

detectors

300&300 μm1000&300 μm

1000&500 μm1000&1000 μm

The old experiment:

2017

4.4 MeV - 10 MeV

The new experiment:

6th April 2023-12th April 2023

3.7 MeV - 6 MeV

𝟕𝑳𝒊 𝜸, 𝒕 𝟒𝑯𝒆
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Background 

can be easily 

subtracted 

for

6 MeV
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Upstream Downstream

D
o

w
n

st
re

am
 E

n
er

g
y
 [

M
eV

]

D
o

w
n

st
re

am
 E

n
er

g
y
 [

M
eV

]

Upstream Energy [MeV] Upstream Energy [MeV]

C
o

in
ci

d
en

ce
 E

n
er

g
y
 [

M
eV

]

C
o

in
ci

d
en

ce
 E

n
er

g
y
 [

M
eV

]

Strip Strip 
18



19

And 

even 

for

4.5 MeVUpstream

Upstream
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Still 

possible

for

4 MeV
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Upstream Downstream

Upstream Downstream

Difficult to 

distinguish 

for

3.7 MeV
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𝟏𝟎𝟐𝑷𝒅(𝜸, 𝒑)𝟏𝟎𝟏𝑹𝒉

𝟏𝟎𝟐𝑷𝒅(𝜸, 𝜶)𝟗𝟖𝑹𝒖

𝟏𝟏𝟐𝑺𝒏 𝜸, 𝒑 𝟏𝟏𝟏𝑰𝒏

𝟏𝟏𝟐𝑺𝒏(𝜸, 𝜶)𝟏𝟎𝟖𝑪𝒅

Total Energy [MeV]          

Δ
E

 [
M

eV
] 

  
  

  
  

 

p – process



Gamma beam energy measurement 

Ge DETECTOR + ATTENUATORS  

Calibrated using background Known energy loss

39.35 cm 

of 

copper 

𝐸𝛾 = 𝐸𝑑𝑒𝑡 + 𝐸𝑙𝑜𝑠𝑠
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gamma beam

Pb glass
NaI Detector

1 2 3 4

Attenuators

100%

efficiency 
5 6

Gamma beam intensity measurement 

Measuring

continuously 

In
te
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ty

Thickness

𝐴1

𝐴1 + 𝐴2

𝐴1 +⋯+ 𝐴3

L
o

g
(I

n
te

n
si

ty
)

Thickness

No
Attenuation 

Value 

Coefficient related to the 

energy of the beam

Pb glass intensity calibration

Intensity measurement during 

the run

𝐼 = 𝐼0 ∙ 𝑒
−𝜇𝑥
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gamma beam
d

d
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n

n

p

p

p

p

Liquid scintillator → n detector

d

Gamma beam intensity measurement

𝐸𝑛 =
𝐸𝑔𝑎𝑚𝑚𝑎 − 2.2 𝑀𝑒𝑉

2

𝑑 + 𝛾 = 𝑛 + p + 2.2 MeV

deuterium photodisintegration 
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𝑁𝑟 𝑜𝑓 𝑛𝑒𝑢𝑡𝑟𝑜𝑛𝑠:
𝜀𝑛 = 𝜎𝑝ℎ𝑜𝑡𝑜𝑑𝑖𝑠 ∙ 𝑁𝑑 ∙ 𝐼𝛾
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