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Outline

• AGATA	demonstration	phase
– Legnaro	Demonstration:	2009
– Physics	Campaign:	2010-11

• AGATA	construction	phase
– GSI	Physics	Campaign
– GANIL	Physics	Campaign
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Science	campaign	at	LNL

• 20	Experiment	approved:	3550	hours
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20	approved	exp with	a	total	of	142	days	(about	3500	hours)	approved
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Hadynska-Klek2, C. Wheldon 3 et al.

Multinucleon-transfer reactions as a gateway to 
nuclei near the N = 82 and Z = 50 shell closures
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- Previously no information on structure beyond 
the 7− and 10+ states

- Constrain excitation energies via total kinetic 
energy loss (TKEL)

- AGATA data combined with 
GAMMASPHERE+CHICO dataset 

- Levelscheme above long-lived isomers extended 
up to 5.8 MeV

A. Vogt et al.
PRC 93, 054325 (2016)
High-spin structure of 
134Xe

134X
e

small TKEL:
low-spin regime

large TKEL: 
high-spin regime
above isomers

High-spin spectroscopy of 134Xe
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A. Vogt et al.
PRC 95 024316 (2017)
Isomers and high-spin 
 structures in the N=81 
 isotones 135Xe and 137Ba

137Ba

Isomers and high-spin structures 
in the N = 81 isotones 135Xe and 137Ba
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• Up to now: no high-spin data available for 137Ba
• Measurement of isomer half-life in 135Xe 

closes last gap along the N = 81 isotones
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Discovery	of	
M2	spin-trap	
isomer



Motivation

• Energy	dependence	of	isospin	mixing
• Isospin	mixing	used	to	correct	the	estimation	
of	Vud in	the	CKM	matrix	as	obtained	from	
superallowed Fermi	beta	decay
à unitarity CKM??

Isospin Mixing in 80Zr: From Finite to Zero Temperature



The Isospin Mixing in the ground state

ØThe presence of  the Coulomb interaction inside the 
nucleus causes a mixing between states with different 
isospin

ØIn a perturbative way the mixing probability in the 
nuclear ground state is defined as: 

ØImportant for N = Z nuclei  



The Isospin Mixing in the ground state

Satula et al., PRL 103 (2009)



The Isospin Mixing at T>0

ØA CN in an excited state has a finite lifetime τ

ØThe lifetime can be so short to not allow a complete 
mixing

ØAt high excitation energy (and thus at short lifetime) 
the isospin symmetry is restored

ØLifetime implies a dynamical behavior of  the isospin 
mixing phenomenon



The breaking of isospin symmetry can be
observed through decays which would be
inhibited by selection rules.

What to observe



The Isospin Mixing

Ø In N=Z nuclei I=0
Ø In N=Z nuclei the Electric Dipole transitions in long-wavelength limit are 

forbidden in states with the same isospin. 

64

32       32
Ge

E. Farnea et al. Phys. Lett. (2002)

a2=2.50(+1.0-0.7)%

Temperature= 0

EGDR

g

CN CN

GDR at 
Temperature > 0

Selection rule:
E1 decays

correspond to
change of  isospin

The mixing increases 
the γ decay yield

The observed E1 
strength is a signature of  

the mixing 



• 40Ca	+	40Ca	at	Ebeam =	
136	MeV	was	used	to	
form	the	compound	
nucleus	in	the	isospin	
I=0	channel

• 37Cl	+	44Ca	at	Ebeam =	
95	MeV	was	used	as	the	
reference reaction.

The reactions



Results

Enhancement	of	E1	with	
respect	to	model	à
due	to	isospin	mixing	à
we	can	measure	it!

A.	Corsi

This	work

Results



82Se	+	198Pt



Extended yrast band

P. R. John et al. Phys. Rev. C 95, 064321 (2017)

In-beam γ-ray spectroscopy of the 
neutron-rich 200Pt platinum isotope

• Data from the 
196

Os Experiment 
John et. al  PRC 90, 021301(R) (2014) 

• Extended  ground state band 
• Compared to SCCM calculations
• 

200
Pt marks the transition from the γ-unstable 

behaviour of lighter Pt



Isomeric States in the neutron-rich 
Au isotopes

• Delayed AGATA spectra
• New isomeric state in 

200
Au found

• Suppose to be the 5
+

isomer
• Publication in preparation

New
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The	publications	of	the	LNL	campaign
• Isomers	and	high-spin	structures	in	the	N=81	isotones	135Xe	and	137Ba PRC A.	Vogt
• Experimental	study	of	the	isovector	giant	dipole	resonance	in	80Zr	and	81Rb	 PRC	 S.Ceruti
• Highly-deformed	and	triaxial	states	in	42Ca	 PRL	 K.	Hadyńska-Klek
• Pair	neutron	transfer	in	60Ni	+	116Sn	probed	via	gamma-particle	coincidences	 PRC	 D.	Montanari
• Study	of	the	pygmy	dipole	resonance	in	140Ce	via	inelastic	scattering	of	17O	 PRC	 M.	Krzysiek
• Transition	probabilities	in	neutron-rich	84,86Se	 PRC	 J.	Litzinger
• High-spin	structure	of	134Xe PRC	 A.	Vogt
• Population	of	the	2+ms	mixed-symmetry	state	of	140Ba	by	the	α-transfer	reaction	 PRC	 C.	Stahl
• Spectroscopy	of	the	neutron-rich	actinide	nucleus	240U	following	multinucleon-transfer	reactions	 PRC	 B.	Birkenbach
• Light	and	heavy	transfer	products	in	136Xe	+	238U	multinucleon transfer	reactions	 PRC	 A.	Vogt,	B.	Birkenbach
• Isospin	mixing	in	80Zr:	from	finite	to	zero	temperature	 PRL	 S.	Ceruti,	F.	Camera
• Multitude	of	2+ discrete	states	in	124Sn	observed	via	the	(17O,	17O	ʹ	γ)	reaction:	Evidence	for	pygmy	quadrupole	states	PRC	L.	Pellegri
• Shell	evolution	beyond	N=40:	69,71,73Cu	 PRC	 E.	Sahin
• Low-lying	E1	and	high-lying	E2	states	in	90Zr	populated	via	the	(17O,	17O’γ)	reaction	 PRC		F.C.L.	Crespi
• Pygmy	Dipole	Resonance	in	124Sn	populated	by	inelastic	scattering	of	17O	 PLB	 L.	Pellegri
• Isospin	character	of	low-lying	pygmy	states	in	208Pb	via	inelastic	scattering	of	17O	ions	 PRL		F.C.L.	Crespi
• Shape	evolution	in	the	neutron-rich	Osmium	isotopes:	prompt	gamma-ray	spectroscopy	of	196Os	 PRC	P.R.	John
• Lifetime	measurements	in	neutron-rich	63,65Co	isotopes	using	the	AGATA	demonstrator	 PRC		V.	Modamio
• Global	properties	of	K-hindrance	probed	by	the	γ-decay	of	the	warm	rotating	174W	nucleus	 PRC	 V.	Vandone
• Collective	nature	of	low-lying	excitations	in	70,72,74Zn	from	lifetime	measurements	using	the	AGATA	Demonstrator	PRC	C.	Louchart
• Towards	the	Determination	of	Superdeformation in	42Ca	 APPB		K.	Hadyńska-Klek
• High-spin	Structure	in	40K	PRC	P.-A.	Söderström

18	Phys.	Rev.	C	+	3	Phys.	Rev.	Lett.	+	1	Phys.	Lett.	B
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Concluding	remarks:

• Productive	in	publications	– it	takes	a	great	effort	and	
some	time	on	a	new	device.
– After	6	years	not	all	the	results	are	out,	analysis	is	still	ongoing	

for	some	experiments.
• Importance	of	the	broad	range	of	ancillary	detectors	for	

stable	beams	operations.
• AGATA:	A	successful	European	collaboration.


