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Antiprotonic exotic nuclei at FAIR

* The Super-FRS, the NUSTAR facility at FAIR

* Motivation for anti-protonic exotic nucei

* Production and observables
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FAIR 
The international Facility for Antiproton and Ion Research

NUSTAR
Nuclear structure and 
nuclear astrophysics research
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The Super-FRS facility
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Antiprotonic exotic nuclei

1. X-rays

2. Net charge of pions

3. Momentum of recoil nucleus

* A new probe for nuclear structure studies of exotic nuclei

* Annihilation at ρ ~ ρ0 / 1000

* Difference between annihilation with p or with n
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.....well, the idea is not quite new....

A. Trzcinska et al., PRL 87 (2001)

PRL 31, 475 (1973)
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Absorption and momentum measurements
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Production and yield estimate

σpbar-A= 4*10-16cm2

106 pbar, 103 11Li3+

Yield = σpbar-A * Npbar * Nion

≈ 10-2 s-1  p11LiCourtesy M.Wada (RIKEN)
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Rate estimates for selected isotopes and doubly magic nuclei
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Detection method (I)

Features:
* Universal
* High statistics needed
(50.000 events ~ 5% precision) 

* Pion-background reduction required

Courtesy M.Wada (RIKEN)
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Detection method (II)

Courtesy M.Wada (RIKEN)
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Layout of the Low-Energy Branch
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Present status

• Letter of intent submitted in April 2004
• Positively evaluated in June:

• Technical Proposal in preparation
Contact: M.Wada (mw@riken.go.jp)
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Towards higher precision

MATS: 
Precision Measurements using an Advanced Trapping System

Approved LoI for the Low-Energy Branch of the Super-FRS

Spokesperson: Klaus Blaum
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Highly-charged ions in traps

EBIT

X-ray
spectroscopy

Penning
Trap

* Mass measurement
* g-factor measurement
* Decay spectroscopy

New opportunities for precision spectroscopy:
* Nuclear structure studies (binding energies, Q-values)
* Weak interaction studies (superallowed β-decays, β-ν-correlations)
* Nuclear astrophysics

Mass measurements

higher precision (δm ~ 10 keV)

shorter half-lives (T1/2 ~ 10 ms) 

R.E. Marrs and D.R. Slaughter, UCRL-JC-131602

3ms
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Spectroscopy on trapped HCI

* Modification of half-lives
* Influence of electronic effects (EC, conversion,....)
* Test of Fermi's beta-decay theory
* Study of beta-decay into bound states
* Influence of electronic screening on decay properties
* Modification of energy spectra
* Influence of electron spin on decay properties (e.g. in H-like systems)

C. Scheidenberger, 19. February 2004, NUSTAR Annual Meeting
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Summary

New challenges and opportunities with trapped exotic nuclei

Antiprotonic exotic nuclei: 
an interesting avenue to the nuclear periphery
experimentally and theoretically widely unexplored

Highly-charged exotic ions: 
new opportunities for precision spectroscopy
complementary to storage-ring experiments

Other ideas welcome!
(.....think 10 years ahead from now!) 
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Rate estimates
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