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Structure and Dynamics of Nuclei - Radioactive Beams
Nucleonic matter

Nuclear astrophysics

Fundamental symmetries

Nuclear Matter and the Quark-Gluon Plasma - Relativistic HI - Beams
Nuclear phase diagram

Compressed nuclear/strange matter

Deconfinement and chiral symmetry

Physics of Dense Bulk Matter - Bunch Compression
Properties of high density plasmas

Phase transitions and equation of state

Laser - ion interaction with and in plasmas

Ultra High EM-Fields and Applications - Ions & Petawatt Laser
QED and critical fields

Ion - laser interaction

Ion - matter interaction

Hadron Structure and Quark-Gluon Dynamics - Antiprotons
Non-pertubative QCD                                    

Quark-gluon degrees of freedom

Confinement and chiral symmetry
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SIS 100 Tm

SIS 300 Tm
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Primary beams:

1012 /s  238U28+ 1-2 AGeV

4·1013/s protons 90 GeV

1010/s  U 35 AGeV (Ni 45 AGeV)

Secondary beams:

rare isotopes  1-2 AGeV

antiprotons up to 30 GeV
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CBM

P ANDA

P AX

HIS P EC

DES P EC

R3B

ILIMA
AIC

S P ARC
FLAIR
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Kraków 29

Wars zawa 30

Katowice 9

Kielce 2
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22%

33%

38%

7%

QCD i materia  hadronowa

QCD i antyprotony

j�dra  egzotyczne i spektroskopia

inne
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New QEC-values, Vud and unitarity test

Hardy 1990

Hardy 2005

Hardy 2009

Naviliat &Severijns,

PRL 102 (2009) 142302

QEC

Vud

CKM*

Most precise value for Vud

from nuclear beta decay !!!

Its2 contribution > 95 %

SUM=Vud
2+Vus

2+Vub
2
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The next step is to work on theoretical corrections

- more experiments on heavier nuclei for δc

- more theory on radiative corrections

Current results—in agreement with the SM—place important constraints on 

candidates for the New Standard Model, including supersymmetry,

= 0.99995±0.00061

Unitarity of CKM matrix
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C#���)��4��#��-� 4��%��#��� �#�C�C�N

• HADES,

• Ar+KCl at 1.76 GeV/u
• FOPI (P. Gasik CPOD 2009),

• Al+Al at 2 GeV/u
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Need beam of polarized antiprotons !!

Polarized Antiprotons: Motivation

Summary

Direct access to „transversity“ in

Drell Yan

Transversity: unknown piece of

partonic structure of nucleon

PAX

J��C#�O$��



QED-calculation predicts σ >1013 b !!!

Polarized Antiprotons: PAX

In Search of a Method to Polarize Antiprotons

J��C#�O$��



V. Strakhovenko:

“Understanding the FILTEX Result”

Th. Walcher:

“A surprising Method to polarize Antiprotons”

EPJ A 34 (2007) 447 NIM B 266 (2008) 1122

σσσσ ~ 10+13 b σσσσ < 10-3 b

1016

Polarized Antiprotons: PAX

In Search of a Method to Polarize Antiprotons

Experimental test necessary !

J��C#�O$��



Are polarized protons depolarized by an electron beam ?

Polarized 

positron  

beam

Un-polarized

anti-proton 

beam

Polarized 

anti-proton 

beam
Spin

transfer

Velocity mismatch

∆v/c ~ 0.002

Spin flip – Test (at COSY)

Polarized Antiprotons: PAX

Unpolarized

electron  

beam

Polarized

proton beam

De-polarized 

proton beam

Spin

transfer

Velocity mismatch

∆v/c ~ 0.002

J��C#�O$��



Polarized Antiprotons: PAX

Result: NO effect observed

Spin flip – Test (at COSY)

J��C#�O$��



Polarized Antiprotons: PAX

In-situ polarization build-up (at the expense of beam intensity)

Spin filtering (SF)

Repeated interaction of the beam with a polarized target in a storage ring:

NowNow andand here or neverhere or never !!J��C#�O$��
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Nuclear Structure
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Universal Nuclear Energy Density FunctionalUniversal Nuclear Energy Density Functional
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Layout of RIKEN RI beam factory (RIBF) in 2007
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48Ca+Be Secondary Beam 

Production
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• σI(
28-32Ne + C target) 

at 250 MeV/u     

with BigRIPS 

• σI enhancement 

at island of inversion

especially for 31Ne

• Large σI in 31Ne 

( p-wave halo?)
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=== 2006 ===

Dec. 28th

First Beam 27Al10+ 345 MeV/u at RIBF-SRC

===2007===

Feb BigRIPS construction completed

Mar

12th 86Kr31+ beam at 345 MeV/u  several pnA.

13th First RI Production with 86Kr beam

23rd First successful acceleration of 238U86+ beam (0.002 pnA)

27th First RI production with 238U fission

May

16th 238U beam 0.02 pnA � 125Pd, 126Pd production

=== 2008 ===

Nov ZeroDegree Commissioning
238U beam 0.3 pnA � >20 new isotopes

Dec     180pnA 48Ca � DayOne experiments

=== 2009 ===

Mar/May SHARAQ commissioning

Milestones
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How does the ordering of quantum states alter?

Standard magic numbers: 

2, 8, 20
New magic number: 

16 20

U��4�%�-���
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Relativistic energy beams  => huge reduction of Doppler broadening

-�%01�2�!%�1�2��34
�56789
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PSA 

fwhm 5 keV

E  = 1382  keVγ

Segment

Detector fwhm 13 keV
fwhm 32 keV

U��4�%�-���



7��	�����
8������9����

http://www.kernchemie.uni-mainz.de/laser/
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The  ESR: 108m, 10-11 mbar, 2 MHz, E= 400 MeV/u, 

electron- stochastic- cooling 

Experimental Storage Ring :��5����&���



Yu.A. Litvinov, F. Bosch, N. Winckler et al., Phys. Lett. B 664 (2008) 162-168

140Pr58+ all runs: 2650 EC decays from 7102 injections
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Yu.A. Litvinov, F. Bosch, N. Winckler et al., Phys. Lett. B 664 (2008) 162-168

142Pm60+: zoom on the first 33 s after injection
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Fit by : dNEC/dt = N0 �EC exp(-�t) [1 + a cos(�t + �)]

Preliminary 

122I52+: preliminary results :��5����&���
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