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1985 1995

NORDBALL, TESSA, OSIRIS etc. (~ 6-20 Ge)

Gasp I  (40 Ge)

Gasp II (40 Ge)

EUROGAM I (45 Ge)

EUROGAM II (30+24*4)

prel. Gammasphere (30 Ge)

Gammasphere
(110 Ge)

EUROBALL

TESSA

Gammasphere EUROBALL
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since 1992 in the Laboratori
Nazionali di Legnaro, Padova
40 individual Compton-suppressed
Ge detectors in 7 rings, 
Pph ~ 3 bzw. 6 %
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1993-1995 :
preliminary (30 + ... Ge)
since 1996:
Endstufe (110 individual Ge)
Berkeley - Argonne - Berkeley



Ge crystal (65%)Al capsula
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BGO crystals as
Compton suppression shield



Single hit:
γ γ γ γ only accepted, if no γ γ γ γ has been
detected “at the same time” in the
neighbouring crystals.

Add-back:
The energies of two γγγγ-rays detected
in coincidence (at the same time) in
two neighbouring Ge crystals are
summed up.

Gain in efficiency at 1898 keV
γγγγ-ray energy: 2.08(3) !
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The heavy-ion induced fusion-evaporation reaction

projectile

target nucleus

fusion 10-22 sec

fission

formation of a
Compound nucleus

�ωωωω ~ 0.75 MeV
~ 2x1020 Hz

rotation

10-19191919 sec

p
p

p
n

I

10-15151515 sec

I

γγγγ

10-9999 sec

ground state

3-5 MeV/u
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after particle
evaporation

statistical
dipole cascades

discrete
γγγγ-transitions

no states

Yrast line

• neutron-deficient nuclei
• high spin and exc. energy
• needs an accelerator
• many different reaction
products

• large range of cross sections
• recoil velocity of reaction

products v/c ≈≈≈≈ 1-5%
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Example: 58Ni + 54Fe
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2αααα2p4p
αααα5p

fission

σσσσtotal

target thickness

50 52 54 56 58
Pd

Cd

Sn

Te

Xe CN

N=Z

proton drip line

>1.0
0.1- 1.0
0.01- 0.1

0.001- 0.01
0.0001- 0.001
<0.0001

relative cross section in (%)many different reaction products
large dynamical range

beam energy [MeV]

σσ σσ
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Si telescope

∆∆∆∆E E

~130µµµµm ~1000µµµµm

p, αααα 4mm dE
dx ~ m Z2

E
.

stopping power:

Energie E
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rl
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E

p αααα
1 105

2 105

3 105

0

.

.

.

Protons and αααα clearly separated !
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ISIS (Italian SIlicon Sphere)

solid angle:  72% of 4ππππ
efficiency:  55% for protons

40% for αααα-particles

12 regular pentagons
30 irregular hexagons

5 cm

beam



� ��
�� �! � �"
�ππππ � �
&�##
 �

�� �! "� ��



• 95 CsI(Tl) scintillators, arranged
in 9 rings around the beam axis

• 97% of 4ππππ
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beam
out

15 pseudohexoconical
liquid scintillators BC501A

solid angle:  1ππππ
efficiency: 25-30%

time-of-flight

Z
er

o-
cr

os
s-

ov
er

n

γγγγ

2 105.

4 105.

6 105.

8 105.

106

0

n-γ γ γ γ discrimination:
puls shape – different decay
times for protons and electrons

time of flight - different
time-of-flight for n and γγγγ
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40Ca + 40Ca   @  185 MeV

γγγγγγγγ

1p

1n

1αααα1n
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Alltogether 25 reaction channels observed with
σσσσ = 0.004 - 33 % ( 4 orders of magnitude ! )

33

1.0

0.3

24 26 28 30 32
Cr

Fe

Ni

Zn

Ge
Ga

Cu

Co

Mn

CN

0.004
0.12

0.02

3.8
2.0

σσσσrel [%]

36Ar on 28Si @ 136 MeV

58Cu
56Ni
55Ni

ααααpn
2αααα

2ααααn

0.30(7)%
0.020(3)%
~0.004%

Experiment at Berkeley Nat. Lab.:
Gammasphere (82 Ge)
+ MICROBALL
+ 15 neutron detectors

for example:

Efficiency:  protons    80%
αααα-particles   65%

2 x 109 events (trigger: γγγγγγγγγγγγ or γγγγγγγγn)
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γγγγ-spectra with gate on 1αααα + 0/1 p + 1n

57Ni + p

58Cu

28Si (36Ar, ααααpn) 58Cu    σσσσ ~ 0.30(7)%



ββββ2 = 0.37
proton spectra
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Alltogether 25 reaction channels observed with
σσσσ = 0.004 - 33 % ( 4 orders of magnitude ! )
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Experiment at Berkeley Nat. Lab.:
Gammasphere (82 Ge)
+ MICROBALL
+ 15 neutron detectors

for example:

Efficiency:  protons    80%
αααα-particles   65%

2 x 109 events (trigger: γγγγγγγγγγγγ or γγγγγγγγn)
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σσσσ = 0.020(3)% ~ 200 µµµµb

56Ni28

20

28

1d5/2

2s1/2

1d3/2

1f7/2

2p3/2
1f5/2

2p1/2

sph
def

sph
def

def

SM with excitation of
up to 6 nucleons from f7/2
to remaining pf-shell

4p-4h
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Alltogether 25 reaction channels observed with
σσσσ = 0.004 - 33 % ( 4 orders of magnitude ! )
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Experiment at Berkeley Nat. Lab.:
Gammasphere (82 Ge)
+ MICROBALL
+ 15 neutron detectors

for example:

Efficiency:  protons    80%
αααα-particles   65%

2 x 109 events (trigger: γγγγγγγγγγγγ or γγγγγγγγn)
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2ααααn and 2882 keV Gate

55Co

55Ni
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I = j

spherical
deformed
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0.0-0.5 0.5
deformation parameter εεεε
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V(r)

r

real. pot.
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1s1/2

1p3/2

1p1/2

1d5/2

2s1/2

1d3/2

1s

1p

1d

2s

1f

2p
1g

2d
3s

1i
3p

2f 1h

1f7/2

2p3/2
1f5/2

2p1/2

1g9/2

2d5/2
1g7/2

3s1/2
2d3/2

1h11/2

2f7/2
1h9/2

1i13/2
3p3/2

2f5/2
3p1/2

harm. osc. + l*sreal. pot.
spin-orbit
coupling

R

z

rz < r⊥⊥⊥⊥
εεεε < 0

oblate R

z

rz > r⊥⊥⊥⊥
εεεε > 0

prolate

εεεε =
rz - rx

r0


