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Alessandro Feliciello
I.N.F.N. - Sezione di Torino

One step beyond:
hypernuclear γ-ray spectroscopy

with FINUDA

One step beyond:
hypernuclear γ-ray spectroscopy

with FINUDA
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Outline Outline 

Discovery potential of the     
strangeness nuclear physics

recent experimental results
unexpected effects

Need of sub-MeV resolution apparatuses
γ-ray spectroscopy

Ideas for FINUDA spectrometer 
upgrade at DAΦNE/DAΦNE2
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Physics output (S=-1) Physics output (S=-1) 

nuclear
models

nuclear
models

4B weak
interaction
4B weak

interaction

quark
substructures

quark
substructures

neutron rich
Λ-hypernuclei
neutron rich
Λ-hypernuclei

medium
effect

medium
effect

(weak) decay(weak) decay

low-energy
N  -Y interaction

low-energy
N  -Y interaction

spectroscopyspectroscopy

deeply bound
K states

deeply bound
K states

n

n
nn

np

p
p

p p
p
Λ
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(low-energy) YN interaction
detailed knowledge of the hypernuclear fine structure
→ evaluation of the spin dependent terms of the ΛN interaction

measurement of angular distribution of γ–rays
→ determination of spin and parity of each observed level

Open questions Open questions 
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Where do we stand? Where do we stand? 

H. Tamura
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Where do we stand? Where do we stand? 

H. Tamura
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(low-energy) YN interaction
detailed knowledge of the hypernuclear fine structure           
→ evaluation of the spin dependent terms of the ΛN interaction

measurement of angular distribution of γ–rays                             
→ determination of spin and parity of each observed level

Impurity nuclear physics
measurement of transition probability B(E2)
→ information on the size and deformation of hypernuclei
→ measurement of nucleus core shrinking → glue-like role of Λ

Open questions Open questions 
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(low-energy) YN interaction
detailed knowledge of the hypernuclear fine structure           
→ evaluation of the spin dependent terms of the ΛN interaction

measurement of angular distribution of γ–rays                          
→ determination of spin and parity of each observed level

Impurity nuclear physics
measurement of transition probability B(E2)
→ information on the size and deformation of hypernuclei       
→ measurement of nucleus core shrinking → glue role of Λ

Properties of hyperons in nuclear matter           
(medium effect)

measurement of transition probability B(M1)
→ g-factor value for Λ in nuclear matter

Open questions Open questions 
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Parallel vs. serial Parallel vs. serial 
one-arm spectrometer → small acceptance
• ∆E ~ 4 MeV (FWHM)
• ∆Ω ~ 110 msr

HPGe array → large acceptance
• ∆E ~ 1 ÷ 2 keV (FWHM)
• ε ~ 7% (@ 1 MeV)

Hyperball
Project

@
J-PARC
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Parallel vs. serial Parallel vs. serial 

Hyperball

FINUDA
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The first approach The first approach 

The FINUDA spectrometerThe FINUDA spectrometer

The FINUDA spectrometerThe FINUDA spectrometer

Geometrical acceptance
reduced to 72%

Geometrical acceptance
reduced to 72%

The FINUDA spectrometerThe FINUDA spectrometer
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Expected rates (first approach)Expected rates (first approach)

@ L = 1034 cm-2 s-1 FINUDA can observe ~ 1.6 × 104 ev/h from YN g.s.@ L = 1034 cm-2 s-1 FINUDA can observe ~ 1.6 × 104 ev/h from YN g.s.

machine duty cycle: 75%
spectrometer acceptance: 72%
Ge acceptance: ~ 30%
εGe: ~ 30%

~ 1.87 × 104 ev/d~ 1.87 × 104 ev/d

5 day data taking

~ 9.33 × 104 ev~ 9.33 × 104 ev
J-PA

RC

MC da
taJ-PA

RC

MC da
ta
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Do HPGe crystals work in (strong) 
magnetic field?

To what extent the energy resolution is 
affected?

How to minimize the mechanical 
interferences?

VEGA @ GSI

Euroball @ GSI

Experimental challenges Experimental challenges 
JRA6
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I. Kojouharov, T. Engert

The hyper-triple cluster concept design The hyper-triple cluster concept design 

X – COOLER  II,  AMETEC,  ORTEC
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An exacting integration (new approach) An exacting integration (new approach) 

Geometrical acceptance
reduced to 82%

Geometrical acceptance
reduced to 82%

HPGe detectors

straw tubes

scintillator barrel

targets and
µstrip detectors

drift chambers
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FINUDA key features FINUDA key features 

very thin nuclear targets (0.1 ÷ 0.3 g/cm2)

decay mode studydecay mode study

high resolution spectroscopyhigh resolution spectroscopy

high degree of flexibilityhigh degree of flexibility

coincidence measurement with large acceptance

irradiation of different targets in the same run
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Quality vs. quantity Quality vs. quantity 

γ1 γ2

ground state “fine” splitting

excited level “fine” splitting

γ3
γ4

γ5

γ6

BΛ

~ 4 MeV

BΛ

~ 1.5 MeV

once more the DAΦNE K - characteristics make our setup competitiveonce more the DAΦNE K - characteristics make our setup competitive

KEK, JPARC
high energy K - beam
→ K - stopping efficiency 10÷20%
→ massive targets (20 g/cm2)
→ γγ coincidence mandatory

DAΦNE (DAΦNE2)
very low energy K - beam
→ K - stopping efficiency 90%
→ thin targets (0.2 g/cm2)
→ independent γ measurement
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Expected rates (new approach)Expected rates (new approach)

spectrometer acceptance: 82%
Ge array acceptance: ~ 12%
εGe: ~ 10%

~ 1500 γ transitions~ 1500 γ transitions J-PA
RC

MC da
taJ-PA

RC

MC da
ta

with 500 pb-1 FINUDA can observe ~ 2.5 × 104 ev from 12C g.s.with 500 pb-1 FINUDA can observe ~ 2.5 × 104 ev from 12C g.s.C12
Λ

8 targets8 targets

M. A
gnell

o et a
l.,

Phys.
 Lett

. B 622 (2
005) 3

5

M. A
gnell

o et a
l.,

Phys.
 Lett

. B 622 (2
005) 3

5

12C(K- ,π-)12C12C(K- ,π-)12C−
stopK C12

Λ
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Strategy Strategy 

Total synergy with the I3HP JRA6 project
study of HPGe crystal performance                                
in strong magnetic field

Close collaboration with TORTOLISO experiment, 
approved by INFN CSN 5

Cagliari-Torino Collaboration
production of LYSO crystals by an Italian firm

Contacts with INFN Groups, with solid experience 
on HPGe

exploitation of previous INFN investment

PRIN dedicated to an operative test                    
of final HPGe configuration in magnetic field

last step before to go
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Interested community Interested community 

JRA6

HyperGamma
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Time schedule Time schedule 

2007: Letter of Intent
2008: completion of FINUDA    

physics program
2009: FINUDA upgrade        

pilot run at DAΦNE (500 pb-1)

201X: ???
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Summary Summary 

strangeness nuclear physics still has a 
great discovery potential

explorative run on γ-ray spectroscopy is 
feasible with:

present DAΦNE machine
minor investment on FINUDA apparatus

DAΦNE luminosity upgrade will allow to 
the (enlarged) FINUDA community to 
maintain a main role in the field
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