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Physics case: Dipole response of 11Li

11Li has a very weakly bound double-neutron halo:
S2n = 0.369 MeV

Sources: B. Jonson, Phys. Rep. 389, 1 (2004)

J. Tanaka et al Phys. Lett. B 774 (2017) 268–272

The electric dipole polarizability of a nucleus is 
given by: 

Only a small amount 
of the full E1 
strength has been 
measured so far.

It is a bound nuclei due to the pairing interaction between the 
2 neutrons in its halo.

This makes 11Li a great test nucleus for the effect of the 
pairing interaction on the electric dipole properties of nuclei.
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Experimental details

Sources:

Beam: 1E+4 pps, ~53.4 MeV/u, 11Li beam

Target: AT-TPC filled with:

A) H2@600Torr

B) 90%H2+10%CF4@700Torr

The S800 spectrograph beamline at FRIB [1]

The Active Target Time Projection Chamber (AT-TPC) [2]
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Reaction to study: 11Li + p → 11Li* + p' → X + p'

[1] https://wikihost.frib.msu.edu/S800Doc/doku.php

[2] https://people.frib.msu.edu/~noji/pictures

X could be: 

• 9Li + 2n

• 8Li + 3n

• 7Li + 4n

• 4He + 6n + p

https://wikihost.frib.msu.edu/S800Doc/doku.php
https://people.frib.msu.edu/~noji/pictures


Experimental details: The AT-TPC

Source:
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Reaction to study: 11Li + p → 11Li* + p' → X + p'

J.S. Randhawa et al. Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, 
Detectors and Associated Equipment, Volume 948, 21 December 2019, 162830

The AT-TPC is used for the tracking of the 
scattered proton.

After AT-TPC analysis, the kinetic energy 
and scattering angle of the proton are 
obtained.

By using the missing mass technique, the 
excitation energy given to the 11Li 
nucleus is measured in inverse 
kinematics.



Different Bρ settings:

Bρ = 3.21060 Tm for 9Li    Bρ = 2.84723 Tm for 8Li

Bρ = 2.49012 Tm for 7Li    Bρ = 2.11285 Tm for 4He

Source:

The S800 spectrograph beamline at FRIB
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https://wikihost.frib.msu.edu/S800Doc/doku.php

Experimental details: The S800 spectrograph

The S800 is used for:

1. Trigger

2. Beam PID

3. 11Li* decay product PID

Reaction to study: 11Li + p → 11Li* + p' → X + p'

https://wikihost.frib.msu.edu/S800Doc/doku.php
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Analysis: ATTPCROOTv2

Analysis phases:

1. Unpacking of AT-TPC data.

2. Merging of S800 and AT-TPC data.

3. Pulse Shape Analysis (PSA).

4. Random Sample Consensus (RANSAC).

5. Use of SRIM energy loss tables to obtain the 
proton kinetic energy.

Source: Adam Anthony, Yassid Ayyad et al (2025). ATTPCROOTv2. Zenodo. https://doi.org/10.5281/zenodo.10113377
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https://doi.org/10.5281/zenodo.10113377
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Preliminary results: 11Li Pygmy Dipole Resonance
S800 centered on 9Li. AT-TPC filled with H2@600Torr
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Preliminary results: 11Li Pygmy Dipole Resonance
S800 centered on 9Li. AT-TPC filled with H2@600Torr

11Li + p → 11Li + p
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Preliminary results: 11Li Pygmy Dipole Resonance
S800 centered on 9Li. AT-TPC filled with H2@600Torr

11Li + p → 11Li* + p' → 9Li + 2n + p'
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Preliminary results: 11Li Pygmy Dipole Resonance
S800 centered on 9Li. AT-TPC filled with H2@600Torr

11Li + p → 11Li* + p' → 9Li + 2n + p'

*Penetrability not 
included in the fit.

We obtain here*:
E0 = 0.965 ± 0.047 MeV
Γ   = 1.743 ± 0.092 MeV

We can compare with
a previous result:
E0 = 0.80 ± 0.02 MeV
Γ   = 1.15 ± 0.06 MeV

Source: J. Tanaka et al Phys. Lett. B 774 (2017) 268–272
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Preliminary results: 11Li Giant Resonance
S800 centered on 4He. AT-TPC filled with 90%H2+10%CF4@700Torr



11Li + p → 11Li* + p' → X + p'
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S800 centered on 4He. AT-TPC filled with 90%H2+10%CF4@700Torr

Preliminary results: 11Li Giant Resonance



11Li + p → 11Li* + p' → 4He + 6n +p + p'
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S800 centered on 4He. AT-TPC filled with 90%H2+10%CF4@700Torr

Preliminary results: 11Li Giant Resonance



11Li + p → 11Li* + p' → 4He + 6n +p + p'
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S800 centered on 4He. AT-TPC filled with 90%H2+10%CF4@700Torr

Preliminary results: 11Li Giant Resonance



11Li + p → 11Li* + p' → 4He + 6n +p + p'
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S800 centered on 4He. AT-TPC filled with 90%H2+10%CF4@700Torr

Preliminary results: 11Li Giant Resonance



The theory prediction 
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Source: R. A. Broglia et al 2019 Phys. Scr. 94 114002



Preliminar conclusions for preliminar results
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1. We observe an acumulation of cross section at lower energies that could be the previously measured 
Pygmy Dipole Resonance (PDR) in 11Li.

2. At higher energies, we observe a very big acumulation of cross section, which we initially thought it to be 
due to the presence of a Isovector Giant Dipole Resonance (IVGDR) in 11Li. However, we can not conclude 
that an IVGDR is present, since the analysis needs to be carefully reviewed in order to understand what is 
really happening inside the AT-TPC.

3. As expected, it seems like the main decay mode of the PDR seems to be 9Li.

4. The current preliminar fitting parameters for the PDR are not compatible with previous results, but this 
could change as we improve the analysis.



Questions?



Auxiliary 1: The S800 spectrograph CRDC detectors

Sources: https://wikihost.frib.msu.edu/S800Doc/doku.php

              Jaclyn Marie Schmitt's PhD thesis. Probing Spin-Isospin Excitations in Proton-Rich Nuclei via the 11C(p,n)11N Reaction. 2022

https://wikihost.frib.msu.edu/S800Doc/doku.php


Auxiliary 2: The inverse map method

Sources: https://wikihost.frib.msu.edu/S800Doc/doku.php

              Jaclyn Marie Schmitt's PhD thesis. Probing Spin-Isospin Excitations in Proton-Rich Nuclei via the 11C(p,n)11N Reaction. 2022

https://wikihost.frib.msu.edu/S800Doc/doku.php


Auxiliary 2: The inverse map method 2

Source: Jaclyn Marie Schmitt's PhD thesis. Probing Spin-Isospin Excitations in Proton-Rich Nuclei via the 11C(p,n)11N Reaction. 2022



Auxiliary 3: The CRDCs calibration

Source: Jaclyn Marie Schmitt's PhD thesis. Probing Spin-Isospin Excitations in Proton-Rich Nuclei via the 11C(p,n)11N Reaction. 2022



Auxiliary 4: Vertex Z distribution in 9Li setting



Auxiliary 5: Vertex Z distribution in 4He setting



Auxiliary 6: Bragg curve fitting

Analysis phases:

1. Unpacking of AT-TPC data.

2. Merging of S800 and AT-TPC data.

3. Pulse Shape Analysis (PSA).

4. Random Sample Consensus (RANSAC).

5. Use of SRIM energy loss tables to obtain the 
proton kinetic energy.

6. Fit the 3D Bragg curve to obtain the proton 
kinetic energy.

Source: Adam Anthony, Yassid Ayyad et al (2025). ATTPCROOTv2. Zenodo. https://doi.org/10.5281/zenodo.10113377

https://doi.org/10.5281/zenodo.10113377
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