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Two experimental methods:
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Are the methods equivalent?
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Our experimental set-up

degrader

30 PIN diods 1x1cm
@130°, 140°, 150°
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2 PIN diods @ 35°
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Y.Fujiwara et al., Suppl.Progr.Th.Phys. 68(1980)111

Cluster

model

Sa configuration of the basis intrinsic wave function in the
a-*C-a GCM; d is the distance between two « in *C-like core, and
a and b are treated as the generator coordinates.

Shape of r =0.46
20Ne B;=0.39

B4 = 0.27




First measurements — first surprises
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What causes smoothing of structure in
the case of the Sn targets?

Why In the case of Ni target
the structure Is clearly seen,
being in agreement with theory?

Hypothesis: p, n, a TRANSFER during ?°Ne scattering
disregarded in the CC calculations

v e

stronger in the Sn than in the Ni case
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Estimated from systematics
Near-barrier energy
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Expectations & experimental results:
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Non-transfer backscattering “°Ne + 20927y
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HFB calculations of s.p. level density
Excitation energy [MeV]
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Next candidates to study: >%%0%INj

Adopted energy levels from www.nndc.onl.govinudat2 Calc. (HFB) s.p. level densities; S.Goriely, www-nds.iaea.org/RIPL-3/
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20N + 58.60.81\j
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“Ne+Ni
Lines: spling approximations 2
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We see the limits of the standard CC Method
How to go beyond?
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A.Diaz-Torres, Phys. Rev. €82 (2010) 054617

The Coupled Channels Method using Schroédinger
equation describes reversible processes (coherent
superposition of a few intrinsic states)
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\

Excitation of non-collective levels = irreversible
damping of relative motion into many internal
degrees of freedom

|

Moreover, interaction of guantum system with a
complex environment results in destruction of the
coherent superposition (decoherence)

Schrddinger = Lindblad equation
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The Reality of Quantum Decoherence
Electron entanglement with a surface

Double-slit type experiment with single electrons

Screen

Splitter_ Refocus

Saurce W Indiegd charge

Semiconductor
surface

Height above surface

Semiconductor surface
Sonnentag & Hasselbach, PRL 98 (2007) 200402

e Decoherence - “dynamical dislocalization of quantum mechanical superpositions”
(H.D. Zeh arXiv:quant-ph/0512078 v2) coherence shared with (lost in) environment
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CC + Random Matrix Theory

| data
---- CC: coll. only
—— CC: coll + non-coll.

S.Yusa, K.Hagino, N.Rowley
Phys. Rev. C88(2013)054621
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Open questions and our planned experiments

Is smoothing seen also in Dy, .?
Determination of Dy, for 2°Ne + 90927y

What is the beam energy dependence of non-collective
excitations and testing the RMT predictions?

Measurement of Q-spectra for 2°Ne + 9992Zr for various E, .,
Can ,,decoherence” be observed for other beams?
Measurement of D, (& Dy,?) for Mg + 20%2Zr

Measurement of transfer cross-section in 2*Mg + 90.92Zr

What is the angular distribution of non-collective excitations?

Measurement of Q-spectra in function of scattering angle
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o> ey B C’onclusmns
2 , ,
'

- The weak (non- cal/ec tive) channels can cons:derab/ '
mf/uence the barrier he/ghr distributions

- ~Limits of the standard €€ me fhad are seen‘ e
: nonreversibility results in decoherence phenomenon,
| = what means necessity of coupling Statistical Physics

B = with Quantum Mechamcs Pr'agress in fh/s d/recf/on
@S s:gmf/canf |

-A Diaz- Torres Phys Rev. C82 (2010) 054617
~ .S.Yusaet al. Phys. Rev. C88 (2013) 054621
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The BARRIER Collabom’rlon
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~Ntl. Centre for Nucl. Sci. (Warsaw): K.Rusek, E. Plaseckl I.Strojek

Biatystok University: T.Krogulski

Institute of Nuclear Physics (Krakow): S.Kliczewski, R.Siudak
Technische Universitat (Darmstadt): M.Mutterer

Radium .]flns'ri‘rUTe (St. "Péfér'str'g): S. KcHIébnikOv 6. Turin
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- Tohoku University: K.Hagino
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Kharkiv University: E. Koshchly

- LNL (Legnaro) A.Stefanini

LNS (Catania): P.Russotto ,
JINR (Dubna): S.Smirnov, T.Loktev
Tanta Univ. (Tanta, Egypt): A.Amar
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“Ne,**Mg + *°Zr; Calculated (CCQEL)
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