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Transfer reactions among heavy ions

probing single particle 

aspects and nucleon-

nucleon correlations  

connection with other 

reaction channels (near 

and sub barrier fusion)

population of     

neutron-rich nuclei 

transition from quasi 

elastic to deep inelastic 

processes



Light ions (Q3D) Heavy ions spectrometers Tracking spectrometers

single particle 

levels (shell model)

nucleon-nucleon 

correlations      

(pair transfer) 

A,Z yields

cross sections

Q-value 

distributions

Reaction mechanism

Gamma spectroscopy

3-5 msr 5-10 msr 80-100 msr

70ôs 80ôs - 90ôs recent years

Magnetic spectrometers for transfer reaction studies



Large solid angles magnetic spectrometers

E. Fioretto

INFN - LNL

Solid Angle

(msr) 80 100 52
Target - FPD

(m) 7 7.3 5.8
Dispersion

(cm/%) 4 2.5 3.8
Momentum

acceptance ±10% ±5% ±10%

Max Rigidity

Tām 1.4 1.6 1.8

PRISMA VAMOS MAGNEX
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Principali tappe del progetto PRISMA

Á 1997: un anno di R&D

Á 1998-2000: installazioni di base, costruzione dei magneti, sviluppo dei rivelatori e  DAQ

Á 2001: primo fascio sul bersaglio di PRISMA, primi spettri di massa

Á 2001: la Comm.III approva lõesperimento PRISMA-2, per studi di dinamica e struttura 

con lo spettrometro e con lõarray gCLARA ­­ GAMMA

Á 2002: lo spettrometro eõ completo con rivelatori finali; progetto esecutivo per CLARA

Á 2003: prime misure di òmulti-nucleon transferó; costruzione e commissioning di CLARA

Á 2004 : prima campagna di misure con PRISMA -CLARA e fasci Tandem -Alpi

Á 2005: analisi dati, òfull ion-trackingó per ottenere A, Z ed energia degli ioni; grossi 

problemi con Alpi e Tandem, tuttavia primo fascio PIAVE -Alpi 22Ne accelerato e usato 

Á 2006 - 2007 : esperimenti di dinamica delle reazioni e struttura nucleare



THE PRISMA SPECTROMETER + CLARA GAMMA ARRAY

PRISMA: a large acceptance 

magnetic spectrometer 

W º80 msr;     Brmax = 1.2 Tm

DA/A ~ 1/200

Energy acceptance ~ ±20%

INFN  exp. PRISMA (LNL,PD,TO,Na)

INFN  exp. GAMMA (LNL,PD,Fi,MI,Na,Pg)

+ broad Int. Collaboration 

(UK,F,D,Pl,Sp,Ro,Hr)



MWPPAC

A physical event is composed by the parameters:

position at the entrance x, y

position at the focal plane X, Y

time of flight TOF

energy DE, E

PRISMA spectrometer ðtrajectory reconstruction
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64Ni+238U

PRISMA spectrometer ða complex detector system



E

DE

proton stripping channels

proton pick-up 

channels

fission events
Z=50

Z=34

82Se+238U Elab=505 MeV Ȃlab=64o



Multineutron and multiproton transfer channels near closed- shell nuclei

PRISMA spectrometer data  

GRAZING code calculations

Mass [amu]

pure neutron pick-up channels

90Zr+ 208Pb Elab=560 MeV



PRISMA simulations of ion transport

D.Montanari et al, Dubrovnik09

48Ca+64Ni E=270 MeV

Correction factors derived from bidimensional 

E-ɗ uniform input distributions 



multinucleon transfer :
experiment vs. theory

data : LNL

theory : 

GRAZING code 

and CWKB 

L.Corradi et al, 

J.Phys.G36(2009)113101 

(Topical Review)



beam direction

20o 

94,96Zr 40Ca

Detection of (light) target like ions in inverse kinematics with PRISMA

MNT channels have been measured down to 25 % below the Coulomb barrier

L.Corradi et al, LNL exp. March 2009 

Prisma 

acceptance



Comparison between experimental and theoretical (Grazing) calculations

+1n

+2n
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To do that we used the most neutron-rich

stable beams available at the Tandem/PIAVE-

ALPI accelerator complex of LNL at energies

5-15% above the Coulomb barrier

136Xe

82Se
70Zn64Ni

36S
26Mg

22Ne

48Ca

40Ar

96Zr

THE PRISMA + CLARA CAMPAIGN

Grazing reactions as a tool to study n-rich nuclei

24 experiments (Jan 2004 - Mar 2008 )
200 European users
50% of the total beam time
Transnational access supported through
the EURONS contract



Cr  (-4p)  

Softness in Cr and Fe isotopes populated in 64Ni+ 238U at Elab=404 MeV

gating on mass
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N.Marginean et al., Phys. Lett. B 633(2006)696

S.Lunardi et al., Phys. Rev. C 76(2007)034303

Fe  (-2p)  



78Ni+3p

78Ni+4p

78Ni+5p
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Å First observation of grays from 
the decay of 81Ga

Å The excitation energy of the 4+

state in 82Ge firmly established

Å First observation of the yrast 
levels of 83As

G.de Angelis et al, in preparation

Spectroscopy of the lightest N=50 isotones - 82Se+238U at Elab=500 MeV



Lifetimes measurements in 48Ca+208Pb at Elab=310 MeV

J.J.Valiente-Dobon et al, PRL102(2009)242502

Differential Plunger Method

comparison of 

deduced 

B(E2) with 

large scale 

shell model 

calculations



Papers on International
Journals 2002 -2009

22 Physical Review C
11 Nuclear Physics A

1  Physical Review Letters
2  Physics Letters B

9 European Physics Journal A 
2 Nuclear Instruments and Methods

3 Journal of Physics G
9 other 

2005 40 %

2006 58 %

2007 47 %

2008*) 13 %

Fraction of the beam -time TANDEM -PIAVE-ALPI allocated to 
PRISMA (+CLARA) in recent years

*) January ïMarch 2008



% distribution of beam on target
among the different set - upõs

LNL PAC 

Feb2010

LNL PAC 

Feb2006

average rejection factor for nuclear
physics experiments over the last five
years : 45- 65%



PRISMA - 2 (2008 -2010)
òHeavy-ion reactions from grazing collisions to complete fusionó

­ Few- and multi - nucleon transfer reactions, nucleon - pair 

transfer, fusion near and below the Coulomb barrier

Å The AGATA demonstrator : nuclear structure of n -rich nuclei 

identified with PRISMA

Å Heavy beams at LNL (Tandem, ALPI, PIAVE with the new ECR 

source)

Å A mini-array of LaBr 3:Ce detectors

Å Complementary experiments at other facilities (GANIL, ANL)

Å R&D for upgradings after 2010 , so to prepare  PRISMA for 

the use with SPES beams, including the use at 0 o


