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Multinucleon transfer reactions and pair transfers

/" elastic scattering
inelastic scattering

® Two-particle transfer processes are an E ~ Epri direct reactions
ideal tool to study the dynamical
aspects of pairing correlations

grazing collision

® Heavy ion transfer reactions:

. deep-inelastic collisit
® Advantages: simultaneous cepinelastic collsions
comparison of £nn, +pp and +np
pairs; transfer of “many” pairs : : : ; ;
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* Enhancement coefficients: the ratio . @ g g E%Eﬁmw
of the actual cross section to the UL %, kT
prediction of models using uncorrelated T oef . Q‘\\"\',\ \\\Qv -6p 3
states N oot :\\\'\'HFF\“\\\ ;
® Drawbacks: all existing studies [ ! W NN
involve inclusive cross sections at =0 NN \\ T"'z N o3
energies higher than the Coulomb o ) ) \i :\\ NN
barrier and at angles forward of the 130 188 140 4 ‘/‘5fm’5° 195 180

grazing
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Reactions above the barrier

® many open channels - transfer process governed by:
® optimum Q-value
® nuclear structure properties
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pattern from stable projectiles: n-rich projectiles:
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Reactions above the barrier: QE and DIC
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® heavy ions: presence of both QE and DIC
components

® large TKEL more important for p transfer 100
channels

4K (+1p) 2K (+1p+1n) | ®K (+1p+2n)

® secondary processes may play a major role
. . . . . 4Cl (-1p+1n) | *Cl (-1p+2n)
in the final mass distribution 60 40 50 60 40 50 60
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Reactions above the barrier: QE and DIC

}gi (-4p) (-3p) (-2p (-1p) (Op, (+1p (+2p (+3p) (+4p)
“OArs2®Pb ot ~ \ e
100 F o - ﬁ ﬂ'- il - =
100 F . . B
107? busd £ A
-10 0 10-10 0 10-10 0 10-10 0 10
1050 (BN (SPNE  (4pNE  (BpNF  (2eff (1) (0p
310‘ Ly
E10 - A = 3
o100} - > i 5 r\ h » | *9Ca+2%pp
10 . ;
102 £ HJ‘LLL
}gz (-7p) (-6p) (-5p) (-4p) (-3p) (-2p (-1p) (Op,
1 S
% Alla A fhi R | e
w0l b . ; < ﬁ 3
102 LL th L T. Mijatovi¢ et al., PRC 94 (2016) 064616

-10 0 10-10 0 10-10 0 10-10 0 10-10 0 10-10 0 10-10 0 10-10 0 10
AN

. 3
® heavy ions: presence of both QE and DIC 5 %, (1) (+1p+2m)
2
components e A o~
® secondary processes may play a major role 3 12; 7

@
S

40 50 60 70 30 40 50 60 70
B1ap [deg] 61ap [deg]

in the final mass distribution
® large TKEL more important for p transfer

channels
K

Tea Mijatovi¢, tea.mijatovic@irb.hr MNT reactions and proton transfer channels



Heavy partner
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see Poster No. 15

new opportunities with radioactive beams: %*Rb+2%pb, 6.2 MeV/A
Study of the neutron-rich region in the vicinity of **® Pb via multinucleon
transfer reactions

Petra Colovi¢ (RBI, Zagreb, Croatia)
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Heavy partner
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new opportunities with radioactive beams: %*Rb+2%pb, 6.2 MeV/A
Study of the neutron-rich region in the vicinity of **® Pb via multinucleon
transfer reactions

Petra Colovi¢ (RBI, Zagreb, Croatia)
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Other calculations
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Reactions below the Coulomb barrier

Advantages:

- reduced number of open channels

- very narrow Q-value distributions: no
evaporation effects

- probe nucleon-nucleon correlations as close as
possible to the ground to ground states

However, there are problems:

- cross sections very small for transfer channels
- angular distributions are backward peaked

- direct kinematics = low kinetic energy —
difficult identification in A, Z and Q-value
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Reactions below the Coulomb barrier

Advantages: ‘ .\

- reduced number of open channels %

- very narrow Q-value distributions: no

evaporation effects S oo 6one

- probe nucleon-nucleon correlations as close as 2s | Sn+- Ni.....mmxev
possible to the ground to ground states g ol TR i
However, there are problems: e S|
- cross sections very small for transfer channels 22

- angular distributions are backward peaked 28 | oner
- direct kinematics = low kinetic energy —> SO TR ,
difficult identification in A, Z and Q-value ol — |
Solution - inverse kinematic measurements: ®%00 200 00 200 500 600 700 800 800
- forward focused = high detection efficiency Xpp [mm]

- high kinetic energy = good energy and

mass resolution - background free spectra

— ratio of transfer channel to
elastic channel to 10™%

e
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Proton channels below the barrier

® proton pair transfer studies so far performed above the Coulomb
barrier

® experimental data very scarce - cross sections drop off rapidly

® large modification in the trajectories of entrance and exit channels
due to the modification of the Coulomb field

® the single-particle level density less studied and the corresponding
single-particle form factors less known

® theoretically very challenging to reproduce

e
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masses and transfer probabilities
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® the yield of the 2p transfer D (fm)
channels are similar to those of
the 2p+2n transfer channel

® the cross sections derived by
integrating the whole TKEL
distributions l
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TKEL

® below the barrier TKEL gets more narrow and closer to the Qgs
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~-particle coincidences

New measurement: Nucleon-nucleon correlations in %* Fe+°>Mo probed
via ~y-particle coincidences Erp = 230 MeV, 1., = 62°
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will be used to extract the strength
distribution for different isotopes
analysis ongoing l 3
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Summary

® Transfer reactions with heavy ions are a powerful tool to investigate
reaction mechanism and structure properties of nuclei.

® Transfer of several nucleons at the same time - possibility to study
relative role of transfer of one particle and pair.

® Better understanding of proton transfer channels crucial.

® Results need to be corroborated with population strength of excited
states.

® New challenges: Pair transfer channels - radioactive beams with
SPES
® Nuclear properties of the very neutron rich regions, where shell
evolution is an open question.
® How pairing interaction is modified in the nuclear medium - inputs by
measurements of nucleon transfer reactions to specific nuclear states.
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Thank you!
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