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Recent Interest:

Multi-neutron transfer will give access to very neutron-rich nuclei.

Spectroscopic tool for nuclei far off stability. Because of long range and the
non-locality of the form factors

- coupled reaction channels method is mandatory.
The role of the pairing interaction in states with low binding energy
- information on the pairing interaction at low densities.

The effect of the continuum and the role of coupling to collective low-lying
vibrations of the core in weakly bound systems need to be clarify.

In two-nucleon stripping

—stable targets & projectile with low binding energy of the nucleon pairs
In exotic nuclel

- favour population of pairing states in the final nucleus close to the
particle = matching condition

-These states are expected to have different and new
collective properties. Some information on the predicted
giant pairing vibrations .
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Ratio of Excited
state to the Ground
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28Si+947r Coupling Scheme for CRC Calculations

A schematic of the couplings of the target-like nuclei.
A schematic of the couplings of the projectile-like nuclei. / plings of gerit
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Cross section (mb)
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Wong’s formula
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Diabolic pair transfer at higher

angular momentum states

Pair transfer as a function of spin

Nuclear Josephson Effects:

Enhanced transfer of nucleon
pairs between two superfluid
heavy nuclei in a cold reaction

correspond to a super-current.
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Berry's Phase, Diabolic Pair Transfer

Berry's phase is a simple mathematical fact. Berry considers a
Hamiltonian, which depends on external parameters R = (X, Y, Z...)

1.5 o
. ‘_-:'.'__.7;;7_ ;-;:1.____‘_‘_‘:‘_ “\\ -
Examples: (a) Nilsson Model R=p oL S
e O
(b) Cranked Shell Model R=(1,4,w) NN TNeaa
10 b '\\“ N “‘~—..,‘_Ij_\ ------- e »
_ .. '\,\ I.:"“ \\Q B --;,_{___ - .
E.(A,o RNy 4
En(K,(D) A 2( ,0) N X ~ -
05 - B‘\‘ ~, =~ -
L Ny ~ —
. RN ~
A \ N T~
S AN <
é’ 0 f‘"""_—_—_—j" ***** K- - - - \:"/ }‘4-7:"_;
. .‘___‘.-'
® AV Ul -
: d o~
-05 | s - - ’/,{;:» ““
R AN
e g /'3317. - 9
| //',/" —
1.0 ////;iz”/ =
15 [Ty ! - .
e} 01 02 0.3 0.4 05
hw (MeV)
A A diabolical point, where two energy

surfaces touch and a closed path on
the lower surface encircling this
point

chemical potential A, angular velocity o, pairing gap A



Berry's Phase and the Backbending Effect
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Berry's Phase in Nuclear Physics

< open problem for experimentalist

Pair transfer matrix
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Full horizontal arrow indicates pair transfer matrix elements with positive sign and dashed arrows
indicate those with negative sign . K quantum number for j=13/2 is shown.



Possible Systems: 172,174Yh on 296Pb
174, ]75Hf0n 205Pb
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The Hf and Yb-chain : The interaction strength in the level crossing between the
ground state band and the s-band characterized by the minimal distance between the
yrast band and the first excited band 4E_. Connected lines correspond to minimal
distances for the angular momenta I= 10-16%. Full dot symbols indicate the even
mass Yb-isotopes. The position of the deformed single-particle energies of the v i,
levels for the nucleus 1%%Yb and 17°Hf are given on the abscissa.
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2n-transfer probability as a function of spin
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The calculation show the diabolic effect for 2°°Pb on 174Hf. This calculation assumes
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Diabolic pair transfer at higher angular

momentum states by using heavy-ion induced
reaction

Berry Phase in Nuclear Physics
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Multi-nucleon transfer: Production of Super-Heavy

238(J + 246Cm
@780 MeV
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Summary

» Strong correlation between the transfer and fusion
reactions.

» Sequential transfer of nucleons Is an Important
mechanism of transfer in multi nucleon transfer
reactions at above barrier energies.

» Indication of cold pair transfer at sub-barrier energies.

» Odd-even staggering Is observed in multi neutron
transfer case for 28Si+90-247Zr systems.

» The ratio of excited to ground state transfer is much
more in 28Si+°*Zr as compared to 28Si+°°Zr.



Collaboration (Transfer + Fusion)

Sunil Kalkal, Ritika Grag, Savi Goyal, Mansi
Saxena, Davinder Siwal, Shashi Verma,
Suresh Kumar & R. Singh

University of Delhi, New Delhi

Inter University Accelerator N. Madhavan, Akhil Jhingan, S. Nath, .
Centre, New Delhi Gehlot, P. Sugathan, K. S. Golda, S.
Muralithar & Gayatri Mohanto

Calicut University, Kerala E. Prasad

Panjab University, Chandigarh Rohit Sandal & Bivash Behera

UGC-DAE Consortium for

Scientific Research, Kolkata A. K. Sinha

Saha Institute of Nuclear U. D. Pramanik
Physics, Kolkata

GS/, Darmstadt G. Eleonora & H. J. Wollersheim






