
The DESPEC physics case for FAIR-0

Zsolt Podolyák 

Experiments at the FRS



370 implanted 212Pb ions!

M. Pfützner et al., Phys. Lett. B 444 (1998) 32.

DESPEC: very sensitive!

decay of the νg9/2
2 8+ isomer



γ-ray spectroscopy at GSI (and FRS)



DTAS for β-strength distributions

FATIMA to measure ps-ns 

lifetimes

DEGAS for high-resolution 

spectroscopy

MONSTER for neutron 

spectroscopy

AIDA implantation and decay detector

Developed equipment



DESPEC (phase 0)



Neutron-star mergerMagneto-rotational supernovaeProto-neutron star wind

neutron richness

entropy

r-process abundances = f (nuclear properties; astro.site)

Without First-Forbidden β decay; Without β-delayed neutron evaporation
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N~126 r-process path nuclei

T1/2(β):  competition FF ν1i13/2→π1h11/2 and allowed ν1h9/2→π1h11/2

half-life                    FF contribution              neutron emission 

probability



Isomeric states (from fragmentation)

208Hg,209Tl

N. Aldahan et 

al., PRC80, 

061302(R) 

(2009).

Isomeric state

RISING: isomeric decays

S. Steer et al., Phys. Rev. C 84 (2011) 044313
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■

*

A. Gottardo et al.

PRL109(2012)162502

210Hg:

PLB 725 (2013)292

M.Reed et al., PRL 105 (2010) 172501, PRC 86 (2012) 054321

(ESR storage ring)

■ ■
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Beta decay

194Re

194Os

188Ta

188W 190W
192W

190Ta
192Ta

implanted

decay into

A.I. Morales et al., 

PRC 88 (2013) 014319

N. Alkhomashi et al., PRC80 (2009) 064308

T1/2: G.Benzoni et al., 

PLB 715 (2012) 293

N. Al-Dahan et al., PRC85 (2012) 034301

A.I. Morales et al., 

PRC 89 (2014) 014324



A.I. Morales et al., Phys. Rev. Lett. 113, 022702 (2014)

Lifetime measurements



R. Caballero-Folch et al., PRL17, 012501 (2016)

Lifetime measurements

⇒The most neutron-rich N=126 for which lifetime 

was measured is 204Pt



Octupole Correlations

Pending questions: 

�Maximum of octupole

deformation

�Static or dynamic

deformation

�Role of quadrupole-octupole

coupling

�The strongest octupole

correlations are expected

around n-rich A~150 and 

A~225

∆J = 3
∆l  = 3

∆J = 3
∆l  = 3

∆J = 3
∆l  = 3



�Octupole-deformed (pear-

like) shapes appear under

particular conditions:

Octupole Correlations

Particular features:

�Large B(E1) transition probabilities

�Large B(E3) strengths → difficult

to measure

�Interleaved positive- and negative-

parity states

Cocks et al., PRL 78 (1997) 2920



• FATIMA = FAst TIMing Array = State of the art gamma-ray 

detection array for precision measurements of nuclear structure 

in the most exotic and rare nuclei. 

• Energy resolution better than 3% at 1 MeV.

• FEP detection efficiency better than 5% at 1 MeV.

• Excellent timing qualities (approaching 100 picoseconds).

. 



Fast-timing following fragmentation (in-flight fission)

12 Ge clusters   +    18 LaBr3(Ce)

EURICA+

LaBr3(Ce)



F. Browne, PhD thesis, University of Brighton (2016)

Beta-gamma timing



F. Browne et al., Phys. Lett. B 750 (2015) 448

Fast-timing results

4x105 104Y

6x105 106Y



Shape transition, triaxiality

Neutron-rich A~190

70 7874

122

110

N

Z

L.M. Robledo et al.,  J. Phys. G. 36, 115104 (2009).

(SLy4 Skyrme interaction)

Stringent test of 

theories/models



Spectroscopy calculations using IBM projections from Gogny D1S EDF 

Beta-gated (fast-timing) W-Pt region at GSI/FAIR



prolate

190W prolate? (K isomers)
G.J. Lane et al., PRC82, 051304 (2010)

192W: N. Alkhomashi, P.M. Regan et al., PRC80, 064308 (2009)

192W shape?

Tungsten (Z=74) isotopes

P. Sarriguren, R. Rodriguez-Guzman,
L.M. Robledo, 
PRC 77, 064322 (2008)



Decay spectroscopy is very sensitive: first info on excited states

Equipment developed for DESPEC 

Experiments unique for GSI/FAIR (hevay neutron-rich)

Fundamental questions addressed:

- N=126 nuclei, shell evolution, r-process

- octupole correlations, terra incognita, EDM

- prolate-oblate-spherical shape evolution

Summary

Thanks! 


