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MAGNEX-EDEN 

Working	  group	  in	  Catania	  
F.Cappuzzello,	   D.Carbone,	  M.Cavallaro,	   A.Cunsolo,	   A.Fo5,	  M.Bondì,	  
G.Santaga5,	  G.Taranto	  

Working	  group	  in	  Orsay	  
J.A.S.,	  M.Assié,	  N.	  DeSéréville,	  S.	  Franchoo,	  J.	  Stefan,	  E.	  Khan,	  F.	  Azaiez	  

1.  EDEN	  
2.  SPEG	  
3.  Decay	  and	  Break-‐up…	  
4.  MAGNEX	  
5.  New	  electronics	  for	  EDEN	  
6.  Future	  and	  already	  present	  experiments…	  
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EDEN, a neutron time-of-flight multidetector, has been constructed 
by the IPN (Orsay, France) and KVI (Groningen, The Netherlands) for 
the study of the decay of giant states.  
 
The system is made of 40 individual detectors.  
Neutrons are detected using a liquid scintillator which allows neutron 
gamma-ray pulse shape discrimination.  
 
The scintillator cells are 5 cm thick and have a diameter of 20 cm. The 
energy resolution, for the adopted length of the flight path of 1.75 m, 
is 60 keV, 500 keV and 900 keV for 1 MeV, 6 MeV and 10 MeV neutron 
energies, respectively. The overall solid angle is 3.3% of 4π for this 
flight path. The overall efficiency for 6 MeV neutrons is 1%. 

EDEN 

EDEN :	  a	  neutron	  5me-‐of-‐flight	  mul5detector	  	  
for	  decay	  studies	  of	  giant	  states,	  H.	  Laurent	  et	  al.	  NIM	  A326	  (1993)	  517 
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EDEN around the SPEG chamber 
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Original Electronics 
Passive	  spli^ers	  
3	  Camac	  crates	  	  	  2CFD	  +	  2	  Gate	  generators	  +	  2	  TDCs	  +	  2	  ADCs	  (16	  channels)	  
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Neutron-gamma discrimination 
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Time of Flight measurement 
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Efficiency 
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  SPEG Detection 

The	  SPEG	  Spectrometer	  	  
and	  its	  Detec5on	  System	  

IPN	  Orsay	  

Iden5fica5on	  Plot	  

Z	  

M/Q	  
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What we Measured 

SPEG	  :	  	   X1,Y1,X2,Y2	  
ΔE,	  T	  

Xfoc,	  θ, ϕ	

Z,	  M/Q	  

EDEN	  :	  	  	  Etot,	  Efast,	  T	   Iden5fica5on	  
Energy	  

ΔE/E	  =	  2	  .	  10-‐4	  	  	  	  	  Δ θ	  =	  0	  .2	  °	  

Missing	  Energy	  

Emiss	  =	  E*	  -‐	  En	  -‐	  Erecoil	  	  	  (-‐Q)	  

	  	  60	  keV	  at	  1	  MeV	  
500	  keV	  at	  6	  MeV	  ΔE	  =	  
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48Ca	  

47Ca	  

E*	  

30	  	  	  	  	  	  	  25	  	  	  	  	  	  	  20	  	  	  	  	  	  	  	  15	  	  	  	  	  	  	  10	  	  	  	  	  	  	  	  5	  	  	  	  	  	  	  	  0	  

E*
47Ar (M

eV)	  

GS	  

120
o	  <	  θ

α	   <	  230
o	  

30
o	  <	  θ

α	   <	  110
o	  

En 

Missing energy spectra 

Emiss=	  E*-‐	  EKcmrecoil-‐	  EKcm
n 

40Ca	  

20	  

Sn	  

Sta5s5cal	  decay	  
ΔE	  =	  1.15	  MeV	  

30	  
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48Ca	  	  	  	  	  	  	  	  47Ca+n	   94Zr	  	  	  	  	  	  	  	  93Zr+n	  

Decay of Giant Resonances 
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Decay or break-up… 
40Ar+58Ni	  @	  44	  MeV/A	  Proton	  &	  neutron	  

J.A.Scarpaci	  et	  al.,	  	  
Physics	  Le^ers	  B428	  (1998)	  241	  

Emiss=	  Einit-‐	  Efin-‐	  Etarget-‐	  Enucleon	  

Einit	  

Efin	  

Etarget	   Enucleon	  

Inelas5c	  channel	  
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J.A.Scarpaci	  et	  al.,	  	  
Physics	  Le^ers	  B428	  (1998)	  241	  

Decay	  of	  an	  excited	  state	  
(two	  step	  process)	  

1s1/2	  
1p1/2	  
1p3/2	  
1d5/2	  
2s1/2	  
2p3/2	  x	  
1f7/2	  

40Ar+58Ni	  @	  44	  MeV/A	  Proton	  &	  neutron	  

Einit	  

Efin	  

Etarget	   Enucleon	  

Inelas5c	  channel	  

Coulomb	  or	  nuclear	  

Decay or break-up… 
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Direct	  decay	  through	  the	  	  
Towing	  Mode	  
(one	  step	  process)	  TM	  

1s1/2	  
1p1/2	  
1p3/2	  
1d5/2	  
2s1/2	  
2p3/2	  x	  
1f7/2	  

J.A.Scarpaci	  et	  al.,	  	  
Physics	  Le^ers	  B428	  (1998)	  241	  

40Ar+58Ni	  @	  44	  MeV/A	  Proton	  &	  neutron	  

Einit	  

Efin	  

Etarget	   Enucleon	  

Inelas5c	  channel	  

Nuclear	  only	  

Decay or break-up… 
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1s1/2	  
1p1/2	  
1p3/2	  
1d5/2	  
2s1/2	  
2p3/2	  x	  
1f7/2	  

J.A.Scarpaci	  et	  al.,	  	  
Physics	  Le^ers	  B428	  (1998)	  241	  

The	  TM	  probes	  the	  GS	  
The	  TM	  is	  sensi5ve	  to	  the	  ini5al	  WF	  

D.Lacroix	  et	  al.,	  Nuclear	  Physics	  A658	  (1999)	  273	  

40Ar+58Ni	  @	  44	  MeV/A	  Proton	  &	  neutron	  

Einit	  

Efin	  

Etarget	   Enucleon	  

Inelas5c	  channel	  

Decay or break-up… 
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ScaIering	  	  
Chamber	   Quadrupole	   Dipole	   Focal	  Plane	  	  

Detector	  

Angular	  acceptance	  
Sepng	  	  	  	  	  θ	  =	  6°	  	  	  	  	  	  	  	  →	  	  0°	  <	  θlab	  <	  14°	  
Sepng	  	  	  	  	  	  θ	  =	  90°	  	  	  	  	  →	  	  85°	  <	  θlab	  <	  96°	  

Measured	  resolu(on	  
Energy	  ΔE/E	  ∼	  1/1000	  
Angle	  Δθ	  ∼	  0.3°	  
Mass	  Δm/m	  	  ∼	  1/100	  (not	  op5mized)	  

17	  

MAGNEX 
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Identificazione degli eiettili 

foc

tilt
l

corr
l EE

θ
θ

cos
cos

=

dlr EEET ++=

F. Cappuzzello et al., NIMA621 (2010) 419 

Tq
p

q
m

2
)1(0 +

=
δ

Risoluzione in massa  
Δm/m  ∼ 1/160  

q
pB =ρ
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13C(18O,16O)15C	  

13C(18O,16O)15C 
θlab ≈ 12° 

15C	  excita(on	  energy	  (MeV)	  

co
un

ts
	  

D.Carbone,	  Master	  Degree	  thesis,	  Catania	  University,	  2009	  	  

0

5 10-5

0,0001

0,00015

0,0002

0,00025

0 5 10 15 20

b=003

(18O,16O)	  on	  different	  target	  have	  been	  studied	  and	  bumps	  are	  always	  seen	  
around	  10-‐15	  MeV	  (GPV?)	  
Tenta(ve	  break-‐up	  calcula(on	  are	  being	  performed,	  but	  the	  answer	  could	  	  
come	  from	  the	  neutron	  detec(on…	  
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EDEN New Electronics 
3	  BaF-‐Pro	  Modules…	  from	  Milano	  lab	  (Ciro)	  
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22	  

Time	  schedule	  

 October	  2010:	  arrival	  of	  the	  first	  two	  EDEN	  modules	  at	  the	  LNS	  

 October-‐December	  2010:	  Test	  of	  the	  modules	  with	  the	  new	  electronics	  

 January-‐February	  2011:	  arrival	  of	  the	  complete	  EDEN	  array	  at	  the	  LNS	  

 March-‐April	  2011:	  installa5on	  of	  EDEN	  on	  the	  MAGNEX	  experimental	  area	  

 May-‐July	  2011:	  in	  beam-‐test	  of	  MAGNEX-‐EDEN	  

 September	  2011:	  start	  the	  experimental	  ac5vity	  
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MAGNEX + EDEN 
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Proposal	  at	  the	  LNS	  PAC	  for	  the	  commissioning	  

12C(18O,17O)13C	  at	  84	  MeV	  
	  
16O(18O,17O)17O	  at	  84	  MeV	  

To	  setup	  electronics	  and	  
study	  efficiency	  and	  
resolu5on	  

13C(18O,16O)15C	  at	  84	  MeV	  	   2	  neutron	  coincidences	  

Requested	  15	  BTU	  at	  the	  Tandem	  LNS	  facility	  for	  studying	  the	  	  

and	  the	  	  
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Conclusions	  

"   The MAGNEX – EDEN system is now at the LNS 

"   It will be a unique instrument worldwide opening a very wide range 

of possibilities in the field of experimental nuclear physics 
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