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The 11 Greatest Unanswered Questions of Physics
(National Research Council, NAS, USA, 2002):

1. What is dark matter?
2. What is dark energy?

3. How were the heavy elements from iron to uranium made?
4. Do neutrinos have mass?




SuperHeavy elements: liquid drop
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SuperHeavy elements: shell effects
New lands Microscopic theory
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Evaporation
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- Tavola periodica (Mendeleev, 1869)
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How to produce the unknown nuclei?

T
Z

fission drip-lines?

proton drip-line? e

/

.

s > ¥
——

rp-process

-
——

e\(\p"\\:\?\\@“» N neutron drip-line?

q\s%\o‘;\%g\’e

82
O
& r-process?

50

stable nuclei
g, p*-decay
B--decay
a-decay
p-decay
fission

N —

H




Fusion vs. Multi-Nucleon Transfer
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Production of neutron-rich Os-isotopes
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What is the best
tool to investigate
these reactions ?




TWO-BODY: ENERGY AND MOMENTUM CONSERVATION

At 100 x 10™%ns

5% 107% = 0.05%

t 200ns
AE At 200x 1072
22,20 B 01%
E ! 200ns
Ranges - A:30-250 E: 50-200 MeV

0=

— >
| P, = Pjcost;+ Pjcosb, }

Pssin@; — Pysind,

Vi, Vy, 05,04, ms,my

(E* = E_,, — TKE +
PE = E, (CM) + E, (CM)

\TKEL = Eq.y - TKE

~

/

Primary Al, A2, TKE,

folding angles, Vpar,




TWO-BODY: FULL MOMENTUM TRANSFER
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2V - TOF method: -
The simplest Mass Spectrometer
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Advantages of the kinematics method

Measurement of the primary mass of the TLF
and PLF

Removal of not-FMT events

Mass distribution vs. different degrees of energy
dissipation (TKEL)

Effect of Q,, values on the secondary mass
distribution (after neutron evaporation)




Double Arm TOF - CORSET
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An extraordinary simple TOF Spectrometer 2V method
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Position Sensitive STOP

E. M. Kozulin et al., Instruments and Experimental Techniques 51, 44 (2008)



Busch-Type TOF Unit
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Fission and Quasi Fission: Hs (Z=108)
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Coulomb barrier

Shell manifestation:
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Mass and Energy distributions in the Ga-induced reactions
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Shell effects -1
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Shell effects-2
Width of the QF component
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TOSCA unit




TOSCA unit
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TOSCA electronics
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TOF Spec. with Position Sensitive START
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TOSCA unit: position resolution with mirror
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54Cr + 209Bj — 263Bh
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54Cr + 209Bj
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88Sr + 208Pb -> 296120
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B TOsCA @ GSI (X6) for Binary channel Xe + Au/Ir |
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136 Xe + 193Ir'l 197 Au
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= More likely (with respect to models) transfer of many nucleons
= More negative Q values (less excited fragments)



136 Xe + 197 Au 136 Xe + 193Tp
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2V - Kinematics method

- No Z identification

Key Point:

measure Z of the products event-by-event

Primary M1, M2, TKE, folding
angles, Vpar, Vper.....




Two-Arm TOF-TOF-AE- E method

“Trigger”

Primary and Secondary masses
Z of fragments
Total Kinetic energy

‘Sweeper”
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B - . DB B
Conclusions and Perspectives

1. Kinematic method allows to extract a wealth of

information about Two-Body Reactions

2. Extension of the TOF spectrometer necessary to

fully identify the ions

3. Detector development (replacement of MCP)

mandatory
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