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NUCLEAR FORCES, NUCLEI & STARS
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NUCLEAR FORCES, NUCLEI & STARS

Modern theory : effective field theory (EFT) from QCD and many-body ab initio methods
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Stroberg, Holt, Schwenk, Simonis, Phys. Rev. Lett. (2021)
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NUCLEAR FORCES, NUCLEI & STARS

Modern theory : effective field theory (EFT) from QCD and many-body ab initio methods

P/Pfree

11.02.2025

1.0

FRG
FRG, approx.: no diquarkagap
Chiral EFT N2LO/N3LO
pQCD (N¢=2)

10
n/ing

TU Darmstadt | Physics Department | A. Obertelli

10

LO
(Q/A)

e

NLO
{(1,),{\1\ )2

NNLO
(J] / \ . -:I:'.

N3LO
(Q/Ay)"

2N Force

l
»

N

N,

/
/\

AY .
.;' :
/
-
5 -

TECHNISCHE
UNIVERSITAT
DARMSTADT

e
%f“ 4

3N Force 4N Force

s e 4




&5 TECHNISCHE
&//)=\ UNIVERSITAT
9 DARMSTADT

* Neutron skins and the nuclear Equation of State
« Matter radius of neutron-rich nuclel

« PUMA: probing the tail of the nuclear density with antiprotons

* Hypernuclel produced from antiprotons
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NEUTRON SKINS AND THE NUCLEAR EQUATION OF STATE
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« Charge radius from electron elastic scattering (Coulomb)
« Matter or neutron radius experimentally challenging to access
* Neutron skin thickness linked to nuclear equation of state (EOS) around saturation
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NEUTRON SKINS AND THE NUCLEAR EQUATION OF STATE

NEUTRON SKIN THICKNESS
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« Charge radius from electron elastic scattering (Coulomb)
« Matter or neutron radius experimentally challenging to access
* Neutron skin thickness linked to nuclear equation of state (EOS) around saturation
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NEUTRON SKINS AND THE NUCLEAR EQUATION OF STATE

NEUTRON SKIN THICKNESS
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« Charge radius from electron elastic scattering (Coulomb)
« Matter or neutron radius experimentally challenging to access
* Neutron skin thickness linked to nuclear equation of state (EOS) around saturation
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NEUTRON SKINS AND THE NUCLEAR EQUATION OF STATE
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NEUTRON SKINS AND THE NUCLEAR EQUATION OF STATE

PRECISION MEASUREMENTS

« 3 experiments at R3B, GSI/FAIR
o 12C, 120Gn, 124-1325n0 peams, 12C, 208PDb targets
« Energies: 400, 550, 650, 800, 1000 MeV/nucleon

g
« Total interaction cross section 2C+12C
« Precision of 0.4 %
« Glauber theory incl. Coulomb, Pauli blocking
« Theory overestimates results at high energy by 3%
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AT R3B
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NEUTRON SKINS AND THE NUCLEAR EQUATION OF STATE

RE-SCATTERING EFFECTS

MINOS TPC

V.4

/\/'

proton =
2

/ )

\e
A-2

TPC

\ Y

@

Y [mm]

-50- \

(=]

T

-1:*- data
pair breakup

pair knockout

— sequential

T

600 — [\
2 i
S 400 -
D -
O =

200 |-

0
11.02.2025

e3888

TECHNISCHE
UNIVERSITAT
DARMSTADT

Two-step two proton knockout from neutron-
rich nuclei at 200 MeV/nucleon, RIKEN

(p,3p) is about 0.5 to 5% of (p,2p)
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MATTER RADIUS OF NEUTRON-RICH NUCLEI
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MATTER RADIUS OF NEUTRON-RICH NUCLEI

PROBING NEUTRON WAVE FUNCTIONS

* Neutron knockout (p,pn) from 525354Ca at 200 MeV/nucleon, RIKEN

« DWIA analysis of momentum distributions for single-particle p,,, 5, and f;, orbitals

« Agreement with mean-field calculations which predict a large neutron radius for Ca isotopes
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PUMA: PROBING THE NEUTRON SKIN WITH ANTIPROTONS

LOW ENERGY ANTIPROTONS AS PROBE
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PUMA: PROBING THE NEUTRON SKIN WITH ANTIPROTONS

THE ANTIMATTER FACTORY AT CERN
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AD ELENA

1.5 1013 protons at 26 GeV/c from PS
3. 107 antiprotons at AD

Deceleration: 5.3 MeV (AD), 100 keV (ELENA) Ll
Experiments: ~8. 10 antiprotons every 110 s
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PUMA: PROBING THE NEUTRON SKIN WITH ANTIPROTONS
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PUMA: PROBING THE NEUTRON SKIN WITH ANTIPROTONS

THE PUMA EXPERIMENT
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HYPERNUCLEI PRODUCED FROM ANTIPROTONS

HYPERNUCLEI FROM ANTIPROTONS

« kaons in 3% of antiproton-nucleon annihilations
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o proton dripline productionrate  * 190 of annihilations lead to a hypernucleus
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SUMMARY s
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« NN, YN interactions and EOS are a focus of modern low-energy nuclear physics AN E+
c g
£y

« Matter radii of stable and unstable nuclei remain a challenge to measure

 High precision cross sections with radioactive beams at R3B, GSI/FAIR 5 Nt

Glauber theory agrees within 3%, while below 1% is required E otk |
P ool

« Reactions may indicate large matter radii in very neutron-rich isotopes o |

 Low-energy antiprotons to probe the tail of the nuclear density distribution {_ ?
The PUMA experiment will start at CERN in 2025

« Captured antiprotons lead to hypernuclei in 1% of the annihilations L
Potential seed for a hypernuclei factory at CERN (proposal to be submitted) "
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